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Conversions Used in This Report
 

Energy Equivalents
 

The standard unit of energy used throughout this report is the "barrel
 

of oil equivalent (boe)". The unit is defined as:
 
9 

1 boe - 5.8 x 10 Joules (GJ)
 
1000 boe - kboe 
1 million boe - Mboe 

and converts to the following energy units:
 
6 

1 boe - 1610 kwh- 1.39 x 10 kcal
 

On the basis of 7 million kilocalories per metric ton of coal equiv

alent (tce) and of 10 million kilocalories per metric ton of oil equivalent
 

(toe), the following conversions apply
 

1 boe - 0.19 tee 1 tce - 5.05 boe 
1 boe - 0.14 tee 1 toc - 7.21 boe 

Physical Units to Energy Equivalents:
 

1 barrel of LPG equals 0.700 boe
 
1barrel of gasoline equals 0.914 boe
 
1 barrel of kerosene equals 0.970 boe
 
1 barrel of diesel equals 1.005 boe
 
1 barrel of fuel oil equals 1.055 boe 

1 thousand cubic feet of natural gas equals 0.19 boe 
1 ton of Ombilin coal equals 5.05 boe (1 ton - 1 tce) 
1 ton of Bukdt Asam coal equals 3.75 boe (1 ton - 0.743 tce) 
1 metric ton of UG equals 8.40 bor (48.7 GJ) 
1 metric ton of dry natural gas equL j 7.22 boe (41.9 J) 

Useful Conversions 

1 kiloliter - 6.29 barrels 

31 m - 35.3 cubic feet 

Densities 

Liquid petroleum products have a density of 1.00 (1.0 liter - 1.0 kg) 

LPG: I bbl - 192.5 lbs
 
LNG: I metric ton - 48.7 GJ (net calorific value)
 
Natural Gas (dry) I metric ton - 41.9 CJ
 

x 



I INTRODUCTION
 

A. BACKGROUND 

A new urgency now attaches to national energy planning 
throughout
 

Whether a country imports or exports petroleum, and whatever
the world. 


fraction of its energy consumption is from traditional fuels, 
thWe change
 

in world oil prices over the last several years has changed 
a major element
 

in national economic and social planning. The prospect of major shortages
 

of petroleum on a global scale over the long term also 
requires countries to
 

think anew about the energy aspects of development strategies. 
Just as
 

has been based are becoming
petroleum fuels on which traditional development 

more valuable, the traditional fuels on which the survival 
of much of the
 

population of developing countries depend are becoming 
more costly in economic,
 

human and environmental terms.
 

Oil exports,

These conditions apply in a critical way to Indonesia. 


which now account for more than 60 percent of total 
export earnings are
 

threatened by a rate of increase of domestic demand 
for oil that far exceeds
 

(1)* 

the ikected increase in the rate of new oil production. 
The domestic
 

element in the economic 
demand for petroleum is thus a crucial and complex 


High rates of growth of internal demand result in
 
development equation. 

part from high levels of oil exports but, at the 
same time, jeopardize thuse
 

This is clearly not simply an energy issue, involving 
as it does
 

exports. 


the entire Indonesian ecbnomy.
the structure and development oi 


Indonesia also manifests the problems of what has 
been called "the other
 

energy crisis" - the increasing difficulty of obtaining adequate 
supplies of
 

*Notes and references are given at the end of each 
chapter.
 



wood and other commercial fuels. Serious deforestation, with attendant
 

environmental, economic and social costs, is occuring particularly on Java.
 

The fuel wood and oil problems are linked in an important way. Kerosene is
 

the traditional substitute for fuel wood for cooking as income or the difficulty
 

of obtaining non-commercial fuels increases. The current economic cost of the
 

subsidy for kerosene, however, has been estimated at about U.S. $3 billion per
 
(2)
 

year.
 

These energy problems are of major national proportions. But fortunately
 

the basic energy resource base of Indonesia is also very large. The petro

leum and natural gas resources now appear to be able to sustain production
 

levels higher than present ones. In addition, coal, hydropower, solar energy,
 
(3)
 

windpower, geothermal energy and various types of biomass all appear to 

have significant potential. It is evident, however, that if serious economic 

problems are to be avoided, the current path of energy development must be 

rethought. A new path must be taken which is based on the needs of national 

economic and social development, is attuned to the new .:ld energy economic 

situation and makes optimal use of the full energy resource base of the country. 

Although the general objectives of this new path have been established,
 
(4) 

and expressed in Repelita III , the development of a consistent set of 

national energy strategie3 and plans is an urgent need. It was in this 

context that the Energy Planning for Development Project was conceived. 

The project has been carried out by means of a collaboration between the 

Directorate General of Power of the Ministry of Energy and Mines and 

Energy/Development International and associated firms and consultants.
 

The project was supported by the U.S. Agency for International Development.
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AND SCOPE OF THE PROJECTB. 	 OBJECTIVES 

two principal objectives:The Energy Planning for Development Project has 

1) To foster a better understanding of the effect of energy and
 

on the energy situation of the
economic development plans and programs 

country, as well as the social, economic and environmental consequences
 

of decisions concerning energy pricing, energy technologies and 
resource
 

development; and
 

2) To enhance the capabilities of Indonesian planners to analyse 
the
 

role which energy plays in development, and to plan a national 
energy
 

program.
 

The

To accomplish these objectives, several tasks were undertaken. 


three prinninal task areas were:
 

1. Pilot Surveys of Firewood and Kerosene Use
 

As a basis for governmental decisions or kerosene 
prices, fuelwood pro

grams, and other actions affecting domestic energy 
consumption a much better
 

understanding is required of the use of kerosene, wood 
and other fuels by
 

Building on surveys carried out by various Indonesian 
groups in
 

households. 


the past, a coordinated set of pilot surveys of fuel 
consumption by households
 

was carried out in several rural regions of the country. 
Eight universities
 

Although of a pilot nature, the
 and institutes participated in the surveys. 


surveys have provided useful information to the project 
and energy planning
 

in general and have established methods and institutional 
capabilities for
 

other types and more extensive surveys.
 

2. Energy Demand Analyses
 

A prime prerequisite of national energy policy analysis 
and planning
 

consistent view of the current energy supply-demand 
situation and a
 

is a 


view of how that situation will evolve in the future under 
alternative
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policies and programs. Under this task the first steps were taken to develop 

such a consistent data base. Energy demand projections drew on the results'of 

the fuelwood-kerosene survey, existing information on energy consumption 

patterns and alternative projections of social and economic development. Be

cause of the importance of the development of rural areas, particular attention 

was paid to the energy implications of rural industry and agriculture. 

3. Technology Assessment
 

A central goal of Indonesian energy policy is the diversification of 

energy sources. In this task, preliminary assessments were carried out of 

the role that various non-petroleum energy sources could play in Indonesia's 

future and the steps that need to be taken to advance the application of 

these sources. The resources that were considered were: coal, small scale 

hydropower, geothermal energy, solar and wind energy and biomass of various 

kinds.
 

It should be emphasized that each of these project elements was pre

liminary and partial. None represented an end in itself. The pilot house

hold energy surveys, for example, were intended primarily to lay the 

methodological and institutional foundations for future, more complete survey
 

activities. The technology assessments were also selective; a number of
 

resources and technologies such as nuclear power and large scale hydropower
 

or arewere not addressed, in part because other studies had been completed 

under way on those subjects. As will be discussed later, the energy demand 

projections were also preliminary and require further elaboration. Since the
 

emphasis in the project was on alternative energy sources, our consideration
 

of future oil and gas development was drawn from existing studies.
 

As stated above an Important objective of the project was to enhance 

the capability within the DJK (Directorate General of Power) to analyze 
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issues and policies. Thus professional development and training
national energy 

Counterparts were 
was an Important, integral component of the project. 

conproject subcomponent and to each visiting
assigned by the DJK to each 

sultant and two DJK staff members participated in the 
portion of the demand 

Thus this report is only one product of this analysis carried out in the U.S. 

project, the other being an increased capability within the Ministry of 

Energy and Mines in both the details and the broader policy 
aspects of national 

By means of the pilot survey of energy use in rural houseenergy planning. 


holds that capability - at least in the important area of demand analysis 

was extended to an important cross-section of the academic 
community.
 

The intent of the project was not to complete a process, but rather 

to begin the process of national energy planning and policy
to begin one: 


analysis. In that sense the collaborations bc...ween the members 
of the U.S.
 

project team and their counterparts within the DJK and 
other Indonesian in

stitutions were a central elemet of the project.
 

C. THIS REPORT
 

In this
The project documentation is presented in two sections. 


volume we present a concise synthesis and overview of the project with
 

emphasis on its conclusions and recomendations. This is supported by
 

a number of technical reports which are contained in the appendices.
 

In the next section of this volume we summarize the socio-economic
 

assumptions we have used, particularly for the demand analyses. This 

is followed by a chapter which summarizes the results of the household
 

energy survey. Chapter IV presents the results of the energy demand pro

jections and Chapter V the results of the various technology assessments.
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In order to demonstrate the use of demand and supply data for policy analysis
 

we have performed a preliminary analysis of an energy diversification strategy.
 

This is contained in Chaicer VI.
 

We have emphasized the fact that this project represents some initial
 

first steps in the process of developing a capability for energy policy
 

analysis. In the final chapter of the report ue recommend several "next 

steps" to be taken along those linas. 



CHAPTER I
 

Notes and References
 

1. 	Supply and demznd projections are discussed in
 

Chapter IV, with detail on the demand analysis
 
given in Appendix B.
 

2. 	World Bank. The subsidy as it appears in the
 

national budget is considerably less (and thus
 

understated) since it does not reflect world
 

market prices. Nevertheless in the 1981/82 budget
 

the budgetary subsidy is $3.4 billion, or 15Z of
 

the total budget.
 

3. 	 By "biomass" we mean available photosynthetically 
produced material such as trees, bushes and 

agricultural waste, and animal and human wastes. 

' 
4. 	"Repelita III: The Third Five Year Development Plan 

(1979-80 - 1984-85).
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II ECONOMIC DEVELOPMENT CONTEXT
 

A. ECONOMIC TRENDS 

The 1970'a were a decade of considerable growth fur Indonesia.
 

The growth of gross domestic product (GDP) averaged 7.6 percent per
 

year between 1970 and 1979, a significantly wore rapid rate of growth
 

than the 3.5 percent average of the 1960s 
(1). The rate of growth
 

in population, which had been estimated to be 2.0 percent per year
 

for the period 1971 to 1980, has been recently revised upwards to
 

the basis of preliminary2.34 percent per year for that period on 

of the 1980 census, thereby slightly lowering existing
results 

estimates of per capita GDP growth to 5.8 percent per year during the 

1970's. Per capita CDP grew by only 2.3 percent per year in the
 

1960's(2). 

Per capita GDP in 1980 reached Rp 208 thousand or US $350, 

and a revisad populationbased on a provisional estimate of GDP 

figure of over 147 million persons, 4.5 percent higher in real 

terms than the previous year. Inflation in 1979 was 20 percent, 

double that of the two preceeding years, and similar to the rates 

prevalent in the early part of the 19l's. 

Indonesia's economy has experienced significant structural 

The share of GDP accounted for by agriculturechange since 1960. 


decreased from 54 percent in 1960 to 30 percent in 1979 while that
 

of industry increased from 14 percent to 33 percent and that of
 

Table 11-1 shows the growth
services from 32 percent to 37 percent. 


rates for these sectors for several periods. As indicated, industry
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TABLE II - 1 

AVERAGE ANNUM. GROWTH RATES ( PERCENT ) 

Agriculture Indust;y Services 

5.0 8.0
1960-1970 2.5 


19.7 10.3
1971-1973 5.4 


1974-1979 2.7 8.4 8.7 

Source: BPS (4). industry includes mining, manufacturing, construction, 
electricity, gas and water.
 

experienced significantly higher growth ratus in the 1970's, 

and certain segments have exhibited exceptional growth in the latter 

Cement, paper, fertilizer and the transportation
part of the 1970's. 


as indicatedand construction sectors have been especially dynamic, 

Up to 1979 foreign investment in manufacturing
in Table 11-2. 


has totalled US $2.4 billion dollars (since 1969), 34 percent of which
 

is in textiles, followed by metal products (including vehicles) 
with
 

Foreign

18 percent, and chemicals, fertilizer and rubber with 14 percent. 


investment in mining, most of which is for petroleum and natural 

gas, amounts to US $0.4 billion. 

A significant contributing factor to the relatively high growth
 

rates in the 1970's have been the exports of petroleum and natural gas.
 

account balance interest paymentIndonesia's current (before 

on external public debt) increased from a deficit of US $289 million
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TA3LE I -2 

GROWTH RATES OF SELECTED SFCTORS 1977-1979
 
(percent per year average,)
 

1977-1979
 

Cement (tons) 42.4
 

Paper (tons) 12.6
 

30.0
Fertilizers (tons) 


Constructiona (value added' 11.5 

Transportation (#vehicles registered)*
 

Autob 12.2 

Motorcycles 20.5
 

Buses 17.0
 

Trucks 19.4 

Aircraft 8.8
 

*(1974-1978 average) 

BPS (3,4)
Sources: 
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in 1970 to a surplus of US $2 billion in fiscal year 1979/80; in the 

interval, the share of exports represented by oil and natural gas products 

has increased from 40 percent to about 65 percent. Net balance of payments 

effect of oil and LNG exports is calculated by the World Bank to be 

US $7.0 billion in 1979/80, up from US $640 million in 1973/74. Table 1-3 

sumnarizes the balance of payments -for the past seven years. 

Non oil exports consist of traditional agricultural products such 

as coffse, palm oil, pepper, copra, tea and tobacco, and rubber. Traditionally, 

the most Important of these has been rubber, with exports amounting to 

$ 1 billion in 1979, and although the value has grown by about 21 percent 

per year, volume output has not increased much during the last decade. The 

largest and fastest growing non oil export (both in terms of value and 

volume) is timber, which in 1979 amounted to nearly $2.0 billion. 

Exports of minerals amounted to about $0.5 billion in 1979, most 

of which was tin. Other metals exported are copper and nickel. 

The volume of minerals exported has renained nearly constant during 

the last decade, but new facilities such as a nickel smelter has 

increased the value of the resources exported. Exports of industrial 

goods amounted to nearly $1.0 billion in 1979, made up of petrochemicals, 

cement and textiles. Large-scale investments are planned by the government 

in the industrial sector, with expansions in non-oil exports expected in
 

petrochemicals (methanol) and an aluminum smelter that will process 

imported alumina until the time that an alumina plant is built that will 

process indonesian bauxite.
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TABLE II - 3 

BALANCE OF PAYMENTS ( US $ MILLIONS ) 
F;Ueal Years 

1973 


1 Net Oil 1.641 


2 Net LNG 

3 Non Oil (net) -1397 
(a)Exports f.o.b. 905 

(b) Imports c.a.f -2938 
(c) Service (non freight) -364 

4 Current Account (1+2+3) -756 

5 Official Transfers, capital 643 

and SDR's
 

6 Debt repayment -81 


7 Miscellaneous capital 549 


8 Total (4 through 7) 355 


9 Errors and omissions 5 


10 Monetary movements -360 


Source: Bank of Indonesia, in (7).
 

1975 


3138 


-3972 

18-73 


-5090 

-755 


-854 

1995 


-77 


-1075 


-11 


-353 


364 


1977 1979
 

4352 6308
 

93 667
 

-5135 -4985
 
3507 6165
 

-7241 -9230
 
-1401 -1920
 

-- 690 1990
 

2106 2560
 

-761 -692
 

176 -1315
 

831 2543
 

-180 -853
 

-651 -1690
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IN ENERGY CONSUMPTIONB. HISTORICAL TRENDS 

ConsuAption of prlwAry energy resources has shown patterns of 

The growth rate of primary energygrowth similar to those of GDP. 

firewood agricultural wastes) averagedconsumption (excluding and 

5.1 percent between 1963 and 1970, and it climbed to an average of 

. As indicated in
13.8 percent.per year between 1970 and 1977 
(5 )


Table 11-4 between 1977 and 1979 primary energy consumption grew 
by an
 

average of 16 percent per year.
 

The breakdown of energy consumption among commercial energy
 

Petroleum
 resources shows fewer changes from the 1960's to the 1970's. 


contributed nearly 90 percenc of the total from 1965 through 1975 
and
 

has only decreased its share in the later years to about 82 percent 
at
 

the expense of natural gas, which has nearly doubled its share to
 

15 percent of total fuel consumption (Table 11-5). The increase
 

a growth in naturalin consumption of natural gas has ocurred both from 

gas production and a gas utilization infrastructure that has been put
 

into place in recent years: fertilizer plants, LNG plants and LPG plants.
 

These plants, whose output is exported, consume in their processing
 

a large part of the natural gas accounted for here as part of domestic
 

energy consumption.
 

Besides petroleum and natural gas, other resources have minor
 

importance. Hydroelectricity is less than 2 percent of total energy 

and generation has grown more slowly than the utilization rates of oil 

and gas. Coal, which has experienced steady declines in production since 

its peaks over three decades ago, accounts for less than I percent of 

energy currently. 
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TABLE II - 5 

COMMERCIAL ENERGY CONSUMPTION BY SOURCE (PERCENT) 

Source 1965 1970 1975 1978
 

1. Natural Gas 7.2 8.9 7.1 15.8
 

2. LPG 0.00 0.00 0.3 

3. Petroleum. 87.2 87.9 90.2 82.2
 

4.,Hydroelectric 1.4 1.6 1.4 1.3 

5. Coal 4.2. 1.7. 1.1. 0.7 

Total 100 100 100 100
 

PTE (5)Source: 

TABLE II -

DOMESTIC SALES OF PETROLEUM PRODUCTS 

(in million barrels) 

1974 1975 1976 1977 1978 1979
Type 


.143 .128 .134 .126
Aviation Gas .139 .139 


Jet Fuel 2.150 2.579 2.758 2.913 3.494 3.665
 

.710 .728 .618
Gasoline .496 .661 .706 


19.608 21.294
Premium Gasoline 12.787 14.284 15.606 17.356 


41.717 45.457
Kerosene 26.769 30.623 33.259 36.880 


14.524 18.023 22.749 27.041 31.709 34.542
Light Diesel 


4.022 4.673 5.429 6.239 6.744 7.333
Industrial Diesel 


8.755 7.844 8.222 10.296 11.061 11.894
Fuel Oil 


Total 69.642 78.826 88.872 101.563 115.195 124.919
 

DJK (6)
Source: 
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Sales of petroleum products have grown by 12.4 percent between 1974
 

and 1979(6). As indicated in Table 11-6 the fastest growing product has
 

been light diesel oil, used mostly by vehicles and in private electric
 

Other
generation, which grew at an average annual rate of 18.9 percent. 


fuels used in transportation grew more slowly, with gasoline at 10.7 percent
 

per year and jet fuel at 11.3 percent. Kerosene, used mainly by households
 

grew at 11.2 percent and industrial diesel and fuel oil at 12.9 percent and
 

6.3 percent respectively. Fuel oil consumption is currently growing faster
 

as new steam-power plants are added to the utility's generation system.
 

A central issue in Indonesia's energy policy is the pricing of
 

petroleum products. In order to alleviate poverty and control inflation
 

subsidies have been instituted that have in effect decreased the price
 

in real terms by an average of 25 pe,:cent between 1973 and 1979,
 

with automotive diesel and kerouene decreasing by 32 and 29 percent
 

respectively. A serles of increases in 1980 have changed this situation
 

somewhat. Current year prices are presented in Table 11-7.
 

The current subsidy amounts to Rp 1.5 billion ($2.4 billion), or
 

71 percent of total government subsidies to proeucers and consumers
 

(food staples such as rice, corn and sugar, and fertilizer receive
 

the remaining subsidies). The budgetary subsidy for oil however, is 

much smaller than the true economic cost of about $3 billion (3.5 percent 

as the difference between the international priceof GDP), calculated 

of oil of $36 and the domestic price averaging $17 

Consumption of kerosene and diesel (automotive and industrial) 

amounted to 61 percent of total liquid fuels demand in 1978 and to 

66 percent in 1979. Production of kerosene and diesel in domestic 

refineries and those in Singapore that process Indonesian crude for 

Indonesian consumption cannot keep up with domestic demand. While 
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TABLE II - 7
 

DOMESTIC PRICE OF PETROLEUM PRODUCTS
 
( Rp per liter) 

1972 1976 1980 

Gasoline (premium) 40 90 280 

Kerosene 10 18 37.5 

Light diesel 14 25 52.5 

Industrial diesel 8.5 22 45 

Fuel oil 6.5 22 45 

Exchange'rate in 1980: approximately 625 Rp/US$
 

Source: World Bank
(7)
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the disproportionately hbLa consumption of middle distillates has 

been a characteristic of Indonesian liquid fuels demand and its 

refineries are designed to maximize the output of those products, the 

shortfall amounted to 19 percent in 1978 and 16 percent in 1979. This 

shortfall has to be imported at world prices, which introduces an element
 

of the true economic cost of the subsidy to the budgetary one. 

Imports of kerosene grew by 26 percent In 1979, to 5.5 million 

barrels, and those of automotive diesel decreased by 18 percent to 

5.5 million barrels. 
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III HOUSEHOLD ENERGY CONSUMPTION 

A. I VMITCTIO. 

In this chapter we sumarize the background, approach and results 

of the rural household energy survey. These points are covered in 

more detail and a copy of the survey questionnaire is included in 

Appendix D.
 

The subject of household energy consunption has taken on great 

significance in discussions of energy planning priorities in Indonesia. 

First the sector accounts forTwo factors account for this trend. 

total national energy consumption, and 25 percentapproximately 65 percent of 

if only commercial fuels are taken into account. Meeting the basic needs of 

in the rural
Indonesia's 28 million households (81 percent of these being 

consumption in the past decade. Thus, 

areas) is of fundamental national importance. The second factor is related 

to the need to design appropriate responses to the rapid increase in kerosene 

the current interest in household 

energy consumption reflects a long-term concern with welfare and basic 

a bearingneeds, and a short-term need to review national volicies that have 

on commercial energy consumption in the sector. That interest has revealed 

very large uncertainties in knowledge of household energy use. Since the 

demographic composition of the country is primarily rpral, the focus of 

effort under the Energy Planning for Development project has been placed 

on defining an appropriate survey methodology for information gathering 

in the rural areas and carrying out a pilot survey as first steps towards 

:filling the large gaps in knowledge about the level and composition of 

fuel requirements in rural households. 
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A pilot survey of eight regions in Java, Sumatra and Sulawesi
 

was eonducted in the months of October-and November of 1980 
with several objectives
 

First among these was the need to establish a minimal data base
 in mind. 


With this end in mind, the survey aimed at collecting
for policy analysis. 

data to construct a profile of household snergy use, for 
each of three 

broad icome groups. lt is intended that thte primary data from the field 

surve' will be combined with secondary data dealing with the energy 

content of fuelwood species, and about the relative efficiencies 
of energy
 

This will allow an examination of alternative scenarios for
conversion. 

the future in which the possible effects of income change, 
fuel substitutions
 

or changes in technology can be explored by policy makers.
 

Given the demographic, economic and physical diversity of Indonesia, the
 

With this limitation,
 scope of the overall project allowed only a p1lot effort. 


the survey had the second important objective of making a practical 

contribution towards the development of a local capability to undertake 
the
 

and analysis exercise. The
design and supervision of such a data collection 


as a cooperative undertaking to include

project was planned from the outset 


the active participation of several university teams, thereby to enlarge
 

to
the range of experience and awareness about rural energy issues, and 


such issues among
draw upon the considerable range of expertise about 


and Energy. Any future effort
institutions outside the Ministry of Mines 

to expand the scope of data collection to a national level will require the 

human resources and.support of such institutions.
 

The pilot survey a] so provided an important opportunity to develop 

an appropriate survey instrument and methodology for future application
 

a of small-scale regional
 
. a representative national sample. While number 


ten years to examine patterns of
 surveys have been undertaken in the past 
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rural energy consyzption, there have been no previous attemptc at defining 

the appropriate design for a national rural energy data base. While the 

U.S. project staff developed the initial questionnaire based on previous 

surveys in other countries, the final design was the product of a collective 

effort on the part of the U.S. project team, an advisory team of Indonesian 

experts and staff of the DJK. In refining the questionnaire several pre

tests were carried out in various regions. 

All phases of preparatory training and of the field work were carried 

out uader the supervision of pJK's staff, in association with university 

tean leaders. The data analysis (including tabulation) also was the 

result of a cooperative effort. In the first phase, data reduction (to 

reduce the costs of processing) and a preliminary analysis of local 

(i.e., university team) results vere carried out by the university teams. 

During the second phase, after a discussion of these results and of the 

field experience in a special week-long workshop, a centralized data 

analysis effort was undertaken under DJK's supervision. A university team 

assisted in this final phase of data analysis. 

In the remaining parts of this section on rural energy consumption, 

after a brief review of the existing information, we present an overview of the, 

methodology followed by a discussion of the major findings. In conclusion, 

recommendations are made for appropriate follow-on steps. 

"B. EXISTING INFORMATION ON RURAL ENERGY CONSUMPTION 

Since 1971, when the Forest Products Research Institute, Bogor (LPHH), 

carried out a survey of 1,250 households in East Java
(1) there have been 

numerous studies of rural household energy consumption In Indonesia. From 
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currenta review of these studies, it is possible to place the survey 

in perspective. Its purposas, while overlapping a number of previous 

somewhat distinct from earlier efforts. Thesurveys, are 

raview of these studies suggests that existing nformation on rural 

household consumption is limited in regional scope, and contains very 

large uncertainties. 

There is a very wide divergence of views on the level of aggregate, 

or per capita, energy consumption in rural households, especially with 

respect to the consumption of traditional biumass fuels (primarily wood, 

agricultural waste, and, to a smaller dtegr*ve, charcoal). In thf. case of 

primarily kerosene, frcvncommercial fuels, per capita estimates sales 

information are more reliable, but there is considerable va iation in 

survey data. The great variationestimates developed on the basis of 

III-1, which shows per capita eotimates ofin results is shown in Table 

energy consumption of biomass fuels, from a number of the mors. importaut 

recent studies.
 

Estimates at the national level tend to converge towards a 

relatively narrow range of .7 - .9 cubic meters of wood equivalent. 

The precise methodologies employed to arrive at this level are uLclear. 

the results of various local small-scale studies, concentratingPresumably, 

for the rzst part on the regions of Java, were combined through some 

weighting procedure to arrive at national estimates. But, as the table 

shows, there is no unanu-i'%ty among these local studies. This is true even 

of those studies carried out within periods close to each other, and within 

the same geographic region. Examples are the 1975 and 1976 estimates for the
 

Solo watershed region in Central Java, and for West Java Ir 1977 and 1978.
 

In fact, the differences in the West Java case are extremely large, with 



TABLE 11I-1 

PER CAPITA BIO IASS ENERGY CONSUMPTION IN RURAL INDONESIA 
(cubic meter of wood equivalent per capita per year)
 

Location 	 Year Consumption Source/Study by
 
______(m 3 /capita/year) _ 

All Indonesia 	 1956 0.5 Team Survey LPHH (1970) 
1970 0.7 PAO Estimate; T. Silitoaga (1974) 
1975 0.9 Chandrasekharan (1977) 
1976 0.8 R. Atje (1979) 

Java 	 1976 0.8 R. AtJe (1979)
 
1978 1.0 S. Hadi et al.(1979)
 

East Java 	 1971 0.5 Sumarna & Sudiono (1973) 
1978 1.3 S. Hadi et al.(1979) 

Central Java
 
Whole province 1978 0.6 S. uadi et al. (1979)
 

Solo watershed 1969 0.7 LPHH (1969)
 

Solo watershed 1975 0.4 Wiersum (1976)
 

Solo watershed 1976 1.1 Wangsadidjaja et al. (1979)
 

Wonogiri area 1968 0.8-0.9 Directorate of land Use (1969)
 

Wonogiri area 1977 0.5 Yudodibroto (1978)
 

West Java
 
Whole province 1977 2.1 H. Eaeruman et al. (1977)
 

1978 0.4 S. Hadi et al. (1979)
 

Citanduy watershed 1977 2.2 Nasendi (1978)
 

Cimanuk watershed 1978 0.5-1.2 Cited by H. Haecuman et al. (1979)
 
Citarum watershed
 

(seguling) 1979 2.5 Rusydi et al. (1979)
 
Sukabumi area 1977 0.4 (Cited by Wiersum, 1979)
 
Bogor area (Babakan) 1977 0.4 Komarudin (1977)
 
Bandung area
 

(Salamungakl) 1979 1.0 O.S. Abdoellah (1979)
 

Outside Java 	 1976 1.0 R. Atje (1979)
 

Bali 	 1978 1.1 S. Hadi et al. (1979)
 

Source: H. Soesastro, Reference (2).
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Haeruman's figures showing a level of consumption five times the level
 

estimated by Hadi (2.1 M3 versus 0.4 m3 ) (2 ) . Very little confidence 

can be attached, therefore, to the national estimates shown in the table.
 

The great variations probably arise as much from differences in
 

methodology and definition as they do from inaccuracies embedded in the
 

field measurement of fuel consumption in rural areas. There are differences 

among the studies with respect to what is included in the definition of 

fuelwood (some include agricultural wastes and charcoal, others do not), 

who is included in the 'household', and what constitutern 'household consumption' 

of fuel (for example, some include household industry, while others restrict 

themselves to cooking and lighting alone).
 

A second hallmark of the existing information on rural energy consumption
 

is the absence of quantitative views of its trend over time. This is hardly
 

surprising in view of the uncertainty of estimates for the country as a whole
 

in any single time period. Indeed, most field ourveys have not addressed 

themselves to the methodological survey design problems of capturing the 

main policy issues to be faced by decision makers over any given planning
 

horizon. (In fairness, this is primarily a question of limited physical
 

resources, and only secondarily one of perspective.) If the static estimates
 

of energy consumption are clouded, therefore, the picture over time ismore 

clouded still. 

It is possible to find, for example, alternative views on the annual
 
(3) 

growth of aggregate fuel consumption in the scope of a single report .
 

In the period 1967 to 1976, the growth of wood consumption has been estimated 

(4)
by one government report at an annual compound growth rate of 2.35 percent
 

For roughly the same period, a more recent government agency shows wood
 

consumption growing at an annual rate of 11.3 percent, and more rapidly than
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the recent growth in kerosene consumption ( S . Needless to say, such 

importance of fuelsdrastically differing views on changes in the relative 

the rational design of national policy an impossibility.in the country make 

In general, estimates of kerosene consumption for household uses, 

and its trend over time are more reliably known because sales information 

at the national and regional levels is available. This information shows, 

for 1978, a level of 0.4 liters per household per day. Total sales between 

1970 and 1979 grew at an annual rate of 10.4 percent, much faster than 

population growth in the same period, and almost twice as rapidly as the
 

annual growth of GDP in the same period (approximately 5.6 percent).
 

Survey data show levels of household consumption in rural areas
 

to be considerably higher than that shown by sales information. In one recent
 

, average
study based on surveys carried out in West Java by CSIS
(6 )


consumpt1on per household, while varying within a wide range depending upon
 

locality and household income, was noted at 1.7 liters per day. Another
 

recently completed survey, carried out by Weatherly and Arnold, also showed
 (7)
 
.kerosene consumption to be higher than the national average 


This points to the existence of large regional variations in the
 

The last two mentioned estimates
importance of kerosene as a domestic fuel. 


were based on careful measurement over several months. Even allowing for
 

seasonal variations which might reduce the stated annual estimates of kerosene
 

consumption, it is likely that the observed levels are indicative of much
 

higher regional consumtion than suggested by the national average
 

consumption level.
 

The regional sales data allow a preliminary analysis of these
 

variations. Java accounts for about 75 percent of all kerosene consumed
 



in rural areas of the country. But per capita variations among regions 

can be analyzed only in very broad terms. Since Java accounts for 75 percent
 

of sales and 65 percent of the rural population, its per capita consumption 

is higher than in the outer islands. But the ruasons for these regional 

variations, even on Java, are not clear.
 

The pattern of regional variations is likely to be much affected
 

by income variations. Recent studies of national kerosene consumption, 

based on historical sales information between 1970 and 1979, show that well 

over half the growth of 10.4 percent per year can be accounted for by changes 

in per capita income. The balance of this very rapid growth is probably 

due to the relative change in kerosene prices in the period, which in real
 

8) 
terms, declined at an annual rate of about 7 percent each year However,
 

there is no confirmation of such behavior at the level of subregions to
 

clarify the nature of the relationship between household income and kerosene
 

consumption other than the information contained in SUSENAS' data
 
(9) 

from household budget surveys , which shows predictably that household
 

income and expenditure on kerosene are positively related. Since kerosene
 
(10) 

, it is likelyconsumption in Indonesia is primarily a rural phenomenon 

that the pattern of regional variations is closely tied to the characteristics 

of local agronomic activity, to the availability of other fuels, and Lo One 

pattern of labor allocation within households. 

While it is possible to arrive at an estimate of aggregate kerosene 

consumption and, to some extent, analyze its trend over time, there is
 

much less evidence on how kerosene is used in the rural household, especially
 

The available information allows
in relation to other traditional fuels. 
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alternative judgments about the use of kerosene as a fuel for cooking and 

for lighting. From survey data, the fraction of total kerosene sales 

used for cooking and lighting has been estimated by Strout to be 

in the ratio 40:60, while S. Hadi's estimates for roughly the same period 

show a ratio of 80:20. Such inconsistent views make it very difficult, 

if not impossible to evaluate the impect of selected national policies. 

For instance, there is much evidence to show that the very rapid growth of 

kerosene consumption is tied tc a national policy of providing subsidies
 

to consumers through controlled prices for petroleum products at great
 

national economic cost (direct costs to the national treasury have been
 

calculated to be about $630 million, with real costs to the economy much
 

higher). One can claim that these subsidies benefit richer families more
 

than they do the poorest sections of the population. Data from national
 

budget surveys carried out by SUSENAS show that kerosene purchases account
 

for only 6 percent of expenditures in the poorest households. These house

holds, the lower 40 percent of the income ladder, apparentlv consume only
 

20 percent of all kerosene sold.
 

However, a consistent national picture of regional variations in this
 

overall puttern is not available. If kerosene is more important as a
 

cooking fuel than as a fuel for lighting as Hadi estimates, then the removal
 

of kerosene subsidies will undoubtedly have a more serious impact than
 

is commonly assumed. But, as in the case of biomass fuels, there is no
 

basis for making a consistent regional comparison of kerosene consumption
 

in relation to other domestic fuels.
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C. SURVEY METHODOLOGY
 

Analytical Framework
 

The survey designed and carried out in this project shares a number of 

the same concerns with earlier studies. But there are d.ifferences in per

spective. We have focussed on the consumption of fuels. Previous studies, by
 

contrast, emphasized the supply-side effects of current consumption, especially
 

with respect to fuelwood. The interrelationships between fuels have been
 

largely neglected by previous studies, although the already mentioned efforts
 

of CSIS and of Weatherly and Arnold are notable exceptions to this rule.
 

In defining an appropriate methodology the main considerations have
 

been:
 

o 	 to develop a simple, cost-effective questionnaire for
 

application in a national sample, allowing consistent
 

regional comparisons.
 

o 	 to develop an analytic approach capable of highlighting 
the structural comosition of current demand in relation 
to fuels used, end uses, and income variations among 
households, and allowing a simulation of the impact of
 

income growth, technology changes and fuel substitutions 
in the future.
 

o 	 to allow for uncertainty in the quality of data, and the 
use of existing information from secondary sources, and
 
capable of absorbing new and improved data as these
 
become available in the future.
 

o 	 to adopt an information-systems approach in which
 
data on the rural sector is seen as only one component
 
of a larger body of energy demand data that will be 
collected and maintained over time. 

The chosen analytical approach utilizes a modification of the
 

Reference Energy System (RES) framework which has been widely used to 

analyze national energy options. The principal feature of the RES approach 

is the integration of a set of estimated energy demands, energy conversion 

technologies, fuel allocations and energy resources into an overall energy 
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suppy-demand balance at the sectoral, regional and national level.
 

For a view of the energy system as a whole, the RES approach requires 

information about the details of demand by end use, and the efficiencies 

with which each demand is satisfied by each fuel. 

The categories of data collected in the survey are shown in Table 111-2. 

The questionnaire focused on three categories of information: (a) household 

characteristics and income-related informatioh, (b) fuel consumption based 

on the recall of respondents and (c) information on energy using devices. 

An important requirement of the field work involved the field
 

measurement of daily fuel consumption for cooking and lighting. Measurement 

occurred on three consecutive days in each hoseholdto permit an estimate 

of consumption over a 48 hour period. 

Field Measurement Procedure 

During a pretest of the questionnaire it became apparent that as many 

as ten fuels may be stockpiled (in small amounts) in the homestead for use 

as cooking fuels. This fact influenced the field approach adopted in the
 

actual survey. Given the limitations imposed by the pilot scale of tb, 

study and the time and manpower allotted to Zteld work, a comprehensive 

measurement of all cooking fuels was Tuled out. Instead, households were 

required topreselect a particular fuel for use during the measurement period,
 

based on household preference and availability. 

A stockpile of the selected fuel was measured by the interview team, 

sufficient to cover at least a full day's consumption for cooking. The 

daily rate of cooking fuel consumption was estimated at the end of each 

24 hour period by noting changes In the stockpile. (Households were required 

to record changes In the stockpile through collection or purchases during 

the measurement period to allow accurate consumption estimates.) 
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TABLE 111-2
 

PRINCIPAL DATA COLLECTED
 

I. 	 HOUSEHOLD 
CHARACTISTICS 


Income-Related
 
Information 

1. 	 Family Size & 
Composition 


2. 	 No. of Persc.s 

Eating Meals at 

Home 

3. 	 Family Income 
from: 

_wages (cash) 

__wages in kind 

other income(cash) 
other income(in kind) 

4. 	 Land Ownership, 
Area Farmed, 
Cattle Ownership. 

5. 	 Transport Require-

ments by Principal 
Mode 


II. 	 FUEL DATA 
(from Recall) 


. 

1. No. of Fuels used & 
Type 

collected fuels 


_.yurchased fuels 

2. 	Fuel Collection 

Aources 
__labor required per 

week (in time) 

3. 	 Fuel prices 
__by cype 

4. Electricity Use 
source 

__fuel used for local 
generation 

no. of persons using 
shared generator. 

5. 	 Seasonal variations for 
each fuel used: 

estimated use per 
month in: 

months of some 
use
 

months of high 
use
 

number of months of
 
use
 

__.high use 
some 	use
 

III. 	FUEL MEASUREMENT 
OF COOKING AND
 
LIGHTING FUELS
 

1. Cooking Fuels
 

Solid Fuels
 
- quantity used
 
in weight, day 1,
 
day 	2. 

Liquid Fuels 
- quantity used
 
in liters, day 1,
 
day 2.
 

Number of Persons fed 
- day 1, day 2. 

2. 	 Lighting (Kerosene) 
- quantity used 
day 1, day 2.
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TABLE 111-2 
(continued) 

IV. DEVICE DATA V. LOCAL CHARACTERISTICS 1I. SECONDARY DATA 
from direct observation OF FUEL USE DATA FROM PUBLISHED 
& recall, by type of device(Village level data SOURCES OR INTERVIEWS 
(cooking, lighting & from observation and 
appliances) 'nterviews), 

I. Fuel Prices Fuel content of wood 
- mber owned 

species & agricultural 

Size characteristics kerosene wastes by weight 
if applicable 

wood device conversion
 

Full consumption rate efficiency 
If applicable or available charcoal
 

- agroeconouic character-

Wefiily fuel consumption istics (wages by 

if applicable 2. Main Energy Using occupations & agricultural 
Establishments characteristics of region, 

water requirements
 

schools, churches
 
etc.
 
comercial 
ctablishlents 

-types of fuels used 
by end used 

3. Fuel Supply Issues 

sources of purchased 
fuel 

- export of fuels 
uses of agricultural 
vaste for purposes 
other than fuel 
shortages, if any. 
deforestation
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measured in an analogous way by, measuringKerosene consumption was 

liquid stocks on hand, including the contents of stoves and -lamps, at the 

start of each 24 hour period. 

The Sample
 

the list of ruralThe sample of households was randomly drawn from 

census blocks in each of the kabupatans (districts) adjacent to the university 

locations. The lists were made available by BPS. The sample for the current 

Januarystudy is a subsample of the SUSENAS national survey carried out in 

1980. This sampling procedure was guided by the need to limit field work 

to a one month period, within regions defined by considerations of access

ibility. One hundred households were randomly selected within each of the 

eight regions contiguous to the university locations. The national samples, 

therefore, consisted of an initial selection of 800 households. As Table 111-3 

shows, a preliminary 	review of questionnaire responses reduced the number 

(a of the sample selection procedureof households to 793 further discussion 

had the advantage of eliminatingis contained in Appendix D.). This procedure 

the expensive task of assembling a sample frame. In addition 1,t makes 

possible a future comparison and cross check of data collected in the BPS 

of household survey. This will be particularly important in revising estimates 

were based a very simpleincome, ahich in the present survey design on 


approach using respondeat recall and reported occupational structure.
 

Each category of data collected served a particular purpose in 
the
 

analysis: 

(a) Data on Household Characteristics: The primary purpose of
 

information on households and income-related characteristics of
the 

the household was to allow a comparison of energy consumption patterns 

levels of economic well-being and to examine among households at different 
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TABLE 111-3 

REGIONAL DISTRIBUTION OF SAMPLED HOUSEHOLDS BY LOCATION 

UNIVERSITY PROVINCE KABUPATAN NUMBER OF HOUSE
(DISTRICT) HOLDS SURVEYED 

Universitas Sumatera North Sumatra DELI SERDANG 106 
Utara, Medan (USU) 

Lembaga Penelitian West Java BOGOR 99 
Hasil Hutan (LPHH), 
Bogor 

Institut Pertanian Bogor West Java BOGOR 97 
(IEB) 
Bogor 

Institut Teknologi Bandung West Java BANDUNG 108 
(ITB) 
1.,.idung 

Universitas Diponegoro Central Java SEMARANG 91 
(UNDIP) DEKAK 
Samayang KENDAL 

Universitas Gajha Mada Central Java JOGJAKARTA 99 
(GANA) SLEAN 
Jogjakarta BANTUL 

KULONPROGO 
GUNUNG KIDUL 

Institut Teknologi Surabaya East Java 
(ITS) 
Surabaya 

SURABAYA 
LAMONGAN 
SIDOARJO 

90 

Universitas Hasanuddin 
(UNHAS) 
Ujungpandang 

South Sulawesi GOWA 
MAROS 

96 

Total Number of Households: 783 
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these differences according to the major uses of fuels. 

(b) Fuel Consumption Data: Based on the recall of respondents, 

the questionnaire sought information on the types and cuantities of various 

fuels used. Of particular importance was the information on how traditional 

fuels are collected, and their sources. This information was used as a 

cross check on field measurements, and used to relate the observed level 

of fuel consumption to the 1farticular characteristics of local fuel supplies. 

The information on seasonal variations was necessary for purposes of 

computing an annual level of fuel consumption from the observations during
 

field measurement. 

(c) Data on Energy Using Devices: This information was required 

primarily to determine the level of electricity consumption, based on the 

numbers and capabilities of devices present in the household. In the case 

of other fuels, estimates provided by the respondents on weekly use
 

allowed a further cross check of field measurements. Lastly, the information 

collected on devices is Important in projecting possible effects of changes 

in technology or utilization practices. 

(d) Local Characteristics of Fuel Use and Secondary Data for Analysis: 

Each university team was called upon to gather background on economic activity 

and energy utilization at the community level. Also included were data 

on local species of wood, and about supply conditions. This information was 

combined with other data from published sources to convert physical 

quantities of fuel to energy units. 
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D. RESULTS
 

Fuel Demand: The pattern of fuel consumption for domestic uses in the
 

average sampled housenold is shown in Table 11-4 according to fuels and 

end uses. On average, among all regions studied the annual consumption of 

all fuels for cooking and lighting amounted to 6.99 boe per household. 

This is equivalent to a per capita consumption of 1.33 boe per year. 

Wood for cooking is the primary component of domestic energy consump

tion accounting for about 70 percent of the total. The annual per capita 

consumption level of 0.93 boe is equivalent to a level of approximately 

0.88 kg per day per capita. 1.
 

Per capita kerosene consumption of 0.40 boe annually is equivalent 

to approximately 0.2 liters per capita per day. Kerosene is primarily a 

lighting fuel, accounting for 16.3 per cent of total energy demand. Kero

sene use for cooking accounts for the remaining 14 percent of annual con

sumption. 

Basic Energy Demand: Differences exist in the relative zfficiency
 

with which fuels are converted to light or to the effective heat delivered
 

to the cooking pot. These differences are reflected in the calculation
 

of basic energy demand shown in Table 111-5. On a per capita basis the
 

useful energy consumed amounted to 0.17 boe annually. We have assumed
 

the iollowing relative effiaiencies in the use of fuels:
 

Lighting kerosene: 0.18 

Cooking 
Wood and agricultural waste: 0.06 

Kerosene: 0.40 
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TABLE 111-4
 

ANNUAL FUEL DFNIAN
 
(Barrels of Oil Equivalent)
 

(Average for all regions - 783 households)
 

Fuel/End-Use Per Household Per Capita 
Wood and Agricultural Waste 4.92 .93 

for Cookinag 

Kerosene 

Cooking .93 .18 
Lighting 1.14 .22 

Total Kerosene 2.07 .40 

Annual Fuel Demand 6.99 1.33 

TABLE 111-5
 

ANNUAL BASIC ENERGY DEMAND PER CAPITA
 
(Barrels of Oil Equivalent and Shares)
 

Fuel/End-Use Basic Energy Shares (Z)
 
Demand
 

Wood and Agricultural Waste 0.06 35.3
 

for Cooking
 

Kerosene
 

Cooking 0.07 41.2
 
Lighting ).04 23.5
 

Total Kerosene 0.11 64.7 

100.0
Total Annual Basic Energy Demand 0.17 
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Viewed from the perspective of its share in total basic energy demand,
 

kerosene, as shown in Table 111-5, emerges as the primary fuel, its share 

of 65.0 per cent being more than one and a half times the share of wood 

(35 percent) The reason, clearly, is the higher efficiency with which kero

sene is used as a lighting or cooking fuel. 

Resource Requirements% There are efficiency losses in the processes of 

refining, conversion and delivery by which fuels are supplied to consumers.
 

Assuming an overall efficiency of petroleum refining and delivery of 0.88
 

in the production of kerosene, the total resource requirement is 1.39 boe
 

per capita. This is shown in Table 111-6. (It is assumed that there are
 

no conversion losses in the supply of wood and agricultural waste.)
 

Income Variations in Fuel Demand: To explore variations in energy
 

consumption among different income groups, the sample of 783 households
 

was partitioned into three broad income groups. As shown in Table 111-7,
 

high income households tend to consume only slightly more fuel than middle
 

and low income households (8.4 boe compared with 7.8 and 7.4 boe for middle
 

and low income households). A comparison of per capita consumption levels
 

among income groups show lower consumption at high levels of income than at
 

low levels of income. This apparent contradiction is explained in part by
 

the larger size of high income households, and in p.-'t by a marked tendency
 

towards the substitution of kerosene for wood to satisfy cooking needs as
 

income rises.
 

This is reflected in the sharp increase in kerosene consumption as in

come rises. The average high income household tends to consume five times 

as much kerosene as the average low incrme household. There is a corre

sponding decline in wood consumption. 
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TABLE 111-6 

ANNMt PER CAPITA RESOURCE REQUIREMNTS (BOE) 

Assumed Efficiency 
of Resource 

Resource Conversion and 
Fuel/End-Use Requirement Distribution 

Wood and Waste for Cooking 0.9; 1.00 

Kerosene 

Cooking 
Lighting 

0.21 
0.25 

0.88 
0.88 

Total Kerosene 0.46 0.88 

Annual Resource Requirement 1.39 
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TABLE 111-7 

ANNUAL FUEL DEKAND (BOE) BY INCOME GROUP 

Low Income Middle Income High Income 
uel/End-Use (Rp 228,000- (Rp 480,000-) 

PefndUs_ 480,000) 

Per Per Per Per Per Per 
House Capita House Capita House Capita 

Wood for Cooking 6.12 1.43 5.69 1.12 5.41 0.92 

Kerosene 

Cooking 0.28 0.07 0.93 0.18 1.41 0.24 
Lighting 0.91 0.21 1.21 0.24 1.54 0.26 

Total Kerosene 1.19 0.28 2.14 .042 2.95 0.50 

Total Annual 
Fuel Demand 7.37 1.71 7.83 1.54 8.36 1.42 



A clearer comparison of how households differ with respect to the con

sumption of particular fuels appears in the information contained in Table 

111-8. Here the relative importance of fuels according to their uses is shown
 

for each income group. While cooking remains the dominant fuel-using activi

ty among all income groups, the importance of wood in the total declines from
 

83 percent for low income groups to approximately 65 percent for high income
 

groups. There is a corresponding four-fold increase in the importance of
 

kerosene as a cooking fuel. Kerosene as a lighting fuel also increases in
 

importance with rising income, but its growth is less sharp (its share in the
 

total rising Irom 12 percent to 18 percent).
 

Income Variations in Basic Energy Demand: Differences in amounts of
 

useful energy consumed among income groups have important policy implications.
 

These differences emerge in Table 111-9 which shows a trend in basic energy
 

demand quite different from that of fuel consumption (seen in Table 111-8).
 

Though per capita fuel consumption declines with rising income, the con

sumption of useful energy increases. This'not unexpected result is accounted
 

for by the relatively higher efficiency of kerosene use, which, as we have 

seen, plays a more important part in the consumption pattern of higher income
 

households.
 

For projection purposes, these differences in energy consumption imply 

that a 10 percent increase in basic energy demand among high income house

holds requires almost twice as much oil as would be required by a similar
 

increase in consumption levels among poor income households (a 10 percent 

increase in basic energy requirements generates approximately .03 boe per 

capita additional oil resource demand for low income households compared with 

.06 boe for high income households.
 

Electricity Use: The consumption of electricity in the areas covered
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TABLE 111-8 

THE STRUCTURE OF ANNUAL FUEL DEMAND BY INCOME GROUPS (Z) 

Fuel/End-Use Low Income Middle Income Hish Income 

Wood for Cooking 83 72.7 64.4 

Kerosene 

Cooking 
Lighting 

3.8 
12.3 

11.9 
15.4 

16.9 
18.4 

(Total Kerosene) (16.1) (27.3) (35.3) 

100 100 100 

TABLE 111-9
 

BY INCOME GROUPS (BOE)ANNUAL BASIC ENERGY DEMAND PER CAPITA 

High IncomeFuel/End-Use Low Income Middle Income 

0.06Wood for Cooking 0.09 0.07 


Keroseme
 

Cooking 0.03 0.07 0.10
 

Lighting 0.04 0.04 0.05
 

0.15Total Kerosene 0.07 0.11 

Total Annual Basic 
0.21
Energy Demand 0.16 0.18 
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by the survey is limited by the low proportion of electrified villages.
 

With the exception of South Sulawesi, and Bandung, under 30 percent of the
 

villages in each region are served by electricity. The proportion of house

holds reporting the use of electricity in any form was consequently a very 

small 8 percent, with most of these in the high income group. A preliminary
 

estimate of electricity consumption in each income group shows annual levels
 

of per capita consumption well below the 1 kilowatt-hour level. Average 

electricity use amoung households in each income group is illustrated in Table
 

III-10. We have excluded electricity use in the earlier estimates of fuel
 

consumption for the reason that a full analysis of the collected data on elec

tricity sources has yet to be completed. It is safe to assume, however, that 

the inclusion of centralized electricity use in the present sample will not
 

significantly alter the relative composition of fuel demand among income
 

groups, because of its infrequency of use.
 

Prices: The purchase of wood and other biomass fuels was reported in
 

only a very small proportion of all the households surveyed. There is little
 

evidence of large-scale commnercialization of these fuels, although some house

holds reported the availability of wood in local markets. By and large, wood
 

remains a non-commercial fuel collected by family members who spend, on average,
 

less than four hours each week gathering wood from gardens, fields and nearby
 

forested areas. Prices, as reported by households (and confirmed by informal
 

interviews conducted in each location by the survey teams), show considerable
 

variation between regions and even within a given region, as shown
 

in Table III-11.
 

While commercial sales of firewood for domestic use are not widely 

reported, the use of wood in rural industries was reported in such industries
 

as tile and brickmaking, food processing (such as the manufacture of cassava
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TABLE 111-30 

ELECTRICITY USE - PRELIMINARY ESTIMATES 

No. of Electrified Annual 
Income Households X ot AU Per Capita 
Group Villages Households Consumption 

KWH BOE 

Low 6 2% .18 .11 

Middle 12 4% .21 .13 

High 47 .82 .50 

All Households 65 8z .42 .26 
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chips) and eating establishments. Prices reported in these instances were in
 

a narrower range of Rps. 6 to 12 per kilogram.
 

Kerosene prices as shown in Table III-11 also showed variation among the 

regions surveyed. The highest prices reported were in South Sulawesi and
 

Central Java (Rp 76 per liter). To examine the relative importance of income
 

and price in explaining observed variations in kerosene consumption a pre

liminary econometric estimation of income and price elasticities was attempted
 

using observed levels of kerosene consumption, household income and prices
 

paid as rported by each household. The estimated income elasticity of 0.40
 

and price slasticity of 0.45 did not appear to be statistically reliable.
 

This suggests that there is considerable room for improvement in the relia

bility of the collected iaformation on both income and prices.
 

A Comparison of Results: The annual levels of fuel consumption we have
 

estimated from the survey data have been based on an approximate adjustment
 

procedure to account for seasonal variations during the year. The effects of
 

seasonal variations are to raise slightly the levels of both daily kerosene
 

and wood consumption.
 

The estimated level of kerosene consumption (on average, for all house

holds after adjustment for seasonal variations) is 0.9 liters per household
 

per day. This is considerably lower than the recent survey of rural households
 

in West Java, carried out by C.S.I.S., where average consumption was estimated
 

at 1.7 liters per household (6 ). However, it is considerably closer to levels
 

of kerosene consumption indicated by national sales data which puts average
 

rural household consumption at a level of 0.6-0.7 liters per household each
 

day. They are also close to the estimates of Weatherly and Arnold. Aggre

gating their results for Central Java, South Sulawesi and East Lombok, and
 

adjusting them for purposes of comparison, kerosene consumption (in all 164
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TABLE 111-11 

AVERAGE FUEL PRICES (RIp. per Ks) 

lelon oo rosene 

19. Suatra 13.6 57.8 

W. Java 6.1 56.9 
15.7 62.3 
16.3 48.2 

C. Java 18.0 57.2 
- 76.1 
15.2 59.4 

C. Java 11.7 56.8 
10.7 59.7 
10.0 69.9 
9.5 53.5 

E. Java 13.1 64.3 

53.3 

S. Sulaveai 32.3 69.2 
16.0 75.9 

A4
 



households studied by them) averaged .81 liters per household each day.
 

There is a noticeable tendency for most survey results to suggest levels 

of rural kerosene consumption considerabley higher than those that can be 

derived from the data on kerosene sales. The present results share this feature
 

with other recent studies, though the difference is narrower. However, for 

purposes of national energy planning, it is advisable to examine this difference 

Survey results are often biased by their regional composition.more closely. 


The present study is no exception. Even among the regions covered by the
 

present study we have made note of significant regional variations in both the
 

composition of fuel demand and the absolute levels of consumption recorded for
 

each fuel. In the case of kerosene, for example, the range was from a low 

of 0.51 (Central Java) to a high of 1.1 liters per household (West Java -

Bogor). There were significant intraregional differences in consumption levels
 

as well. (In contiguous subregions of West Java the difference in kerisene
 

Only larger and more regionally representative
consumption was 60 percent.) 


samples can clarify these regional variations to arrive at more reliable national 

estimates of fuel demand. 

The recent surveys by C.S.I.S. and by Weatherly and Arnold show the 

presence of wide variation in wood consumption levels as well. This is con

firmed also by the results of the present survey. The range of average house

low of approximately 4hold wood consumption in the present study was from a 

(Central Java) per day. Thekilograms (East Java) to a high of 8.5 kilograms 

C.S.I.S study in West Java found a range of 0.1 to 41.1 kilograms per day.
 

Central Java, South SulawesiWeatherly and Arnold reported for the regions of 

and Eas Lombok a range of appioximately 6.3 to 8.2 kilograms per day. The 

airerage level of wood consumption in the present study (for all households in 

than these previous surveysall regions), 4.6 kilograms per day, is lower 
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(8.1 and 7 kilograms per day respectively, fo: the C.S.I.S and Weatherly/Arnold
 

studies). The meaning of these different estimates, as with the estimates of
 

kerosene consumption, can be clarified only through more regionally compre-


Variations in the level of wood consumption depend upon the
hensive surveys. 


penetration of kerosene as a cooking fuel, on income differences, and the
 

availability of wood and biomass fuels, all of which vary widely from region
 

to region.
 

We have referred to the variability and tMcertainties
Policy Issues: 


On the other hand, the EPfD surattached to the results uf these surveys. 


vey employed the broadest national rumple to date and highlighted several
 

key policy issues.
 

The Importance of kerosene consumption in
 p Kerosene Consumption: 

total energy for domestic uses is represented by its dominance in per capita 

basic energy demand. The significance of kerosene is confirmed not only by 

but also by the very high proportion
its importance in basic energy demand, 

of households who use the fuel for some portion of their energy needs: 99
 

the present sample. In fact, a substantialpercent of all households in 

22 percent of all sampled households used kerosene the exclusive domesticas 

fuel.
 

Policy alternatives to reduce the rapid growth of kerosene demand must 
be
 

Since
formulated in the face of such concrete evidence of its widespread use. 

it is apparent that in the regions covered by the present survey kerosene 
is 

important to both lighting and cooking requirements, attempts to reduce 
the 

growth rate of its use require consideration of specific technological 
options. 

There are few alternatives to its use as a lighting fuel, in the absence 
of
 

As a cooking

centralized or decentralized rural electrification strategies. 


fuel, its displacement implies a substantial increase in the demand 
for biomass
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fuels. While the survey did not indicate the presenct of severe shortages of
 

biomass fuels (primarily wood), the scattered evidence from other studies
 

suggests that there is the the potential for severe degradation in the biomass
 

resource base of many rural areas of the country. For policy design, the 

implication is that any efforts to limit the use of kerosene in rural areas 

should be accompanied by a substantial effort to examine ways of guaranteeing 

the efficient use of biomass resources. 

e The Relative Importance of Income and Price on Fuel Consumption: The 

preliminary statistical analysis of survey data does not provide a firm 

quantitative basis for estimating the relative importance of income and price 

influences on the consumption patterns observed in the studied regions. There 

is evidence enough, however, to conclude that the compcition of fuel demand 

changes with rising income in favor of kerosene, and that kerosene demand is 

responsive to price changes. In addition, the information collected provides 

an adequate view of the degree of reliance on kerosene aning low, middle and 

high income families. From this information it Is possible to conclude that 

kerosene is clearly of much more significance in high income than in low in

come households. (See Table 111-8 & 111-9). On the other hand, almost all 

(99 percent) low income households reported the use of kerosene for some part 

of total needs. In the case of the average low-income household, almost half 

of its useful energy requirements are provided by kerosene. It is quite 

likely that changes in its availability, either as a result of concerted policy 

efforts, or of temporary disruptions in supply will ha're a very broad impact 

on all segments of the rural population in the.regions covered by the current 

survey. 
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E. CONCLUSIONS AND RECOMMENDATIONS
 

The present pilot survey was successful in establishing a workable 

effort in the future. The survey instrument andmethodology for expanded 

field procedures, with some refinement, can provide the basis for a more 

regionally comprehensive survey.- Most important of all, all t.ose who 

participated in the pilot study gained valuable experience in all the 

phases of ..arrying out energy surveys in rural Indonesia--from preperation 

and training, to pre-testing, implemeutation and analysis. For future
 

efforts, some recommendations in the form of guidelines based on the present 

experience are relevant:
 

Design of a National Survey: 

The sample for a national survey must, quite obviously, be considerably 

enlarged if estimates of national rural energy consumption are to be made. The 

usemost cost-effective approach to sampling will be to an existing sample 

frame such as exists for the SUSENAS survey, carried out by BPS. For 

an expanded survey, adequate time must be devoted to samplcI design so 

that the sample can be truly representative of regional and income related 

variations in energy consumption. The sample should be determined on the 

basis of the accuracy required of the results. The SUSENAS sample frame 

for 1980, which was utilized as a basis for the sample in the present 

survey, contains approximately 35,000 rural households. A ten percent 

sample of these households should be a minimum sample size. 
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While the pilot study contributed to the design of a working
 

methodology and survey instrument, extension of the survey to the national
 

level will require more adequate pre-testing than was possible within the
 

scope of the present survey. Given the large scope for regional variations,
 

the questionnaire design of the present survey should be pre-tested in
 

locations other than those chosen for the pilot study. This effort will re

quire a minimum effort of six months. The pre-test should focus on the
 

areas which were not well represented in the pilot study.
 

An additional component, of any national survey should involve a more
 

extended time period for field work. Rural energy consumption is innately
 

seasonal when traditional fuels are a large fraction of total fuel consumption.
 

Patterns of fuel consumption tend to vary with the seasonal availability of
 

fuels and with the allocation of labor within the households to seasonal
 

tasks. It is advisable to extend the period of data collection to a full year
 

covering all seasons. An extended survey should therefore include several
 

visits per household, depending upon climatic and agricultural seasons in
 

each region.
 

To improve the reliability of the results from the present sample, an 

intermediate step, prior to a full-scale national survey, might involve a 

resurvey of a sub-set of households drawn from the present sample to be visited 

in the immediate year ahead. If properly timed, these visits might result in 

an improved evaluation of the importance of seasonal variations, and to reduce
 

the uncertainty of the present estimates of annual consumption levels. Such a
 

step is highly recommended because it will require minimal financial support.
 

It is a practical step, as well, from the standpoint of implementation. There
 

is clear interest among the university teams for follow-up activities, and there
 

is now the necessary experience accumulated during the 1930 survey effort to
 

allow adequate supervision and management by DJK.
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Training 

Jakarta in August 1980The week-long training workshop held in 

was an important contributing factor to the success 
of the pilot study.
 

It is advisable in the future, however, to seperate 
the training of super

a distinctiontraining of interviewers. In general,
visory staff from the 

is required during trainng for a field survey 
between transferring
 

an understanding of the methodology and purposes 
of a survey, and an
 

field procedures and techniques. A two-phase training
understanding of 


in the purposes of the
 
in which supervisors are first thoroughly grounded 


are required to participate in the training of
 
survey and then 

For an expanded national
 
interview and measurement teams is essential. 


tasks will require considerably 
survey, the time allotted to the training 

more than one werk. As far as possible, the survey should utilize the
 

rather than student help.services of professional interviewers 


Supervision
 

The present survey was successful in part due to the enthusiasm of
 

all participants, including the supervisory staff. An expanded national 

effort will require, however, a greater attention to the details of
 

day-to-day management. For this purpose, it is recommended that the DJK
 

undertake a review of the management experience gained during the pilot
 

study. In particular, it will be important during a nationai survey to 

establish lines of communication between those in the field and all 

allows for a valuable e.tchange of field experiencesupervisory levels. This 

during implementation, and for corrective action when unanticipated
 

difficulties arise during the course of lield work, as is inevitably
 

the case.
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Data Analysis
 

The pilot study attempted to decentralize the tasks of analysis 
with
 

Given the difficulties experienced
 a view to reducing data processing costs. 


in this effort, it is recommended that in the future, 
regardless of the
 

scale of the survey, all data analysis tasks 
from questionaire screening,
 

da-.a reduction, keypunching and analysis be a centralized 
responsibility.
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XV ENERGY DEMAND PROJECTIONS
 

A. INTRODUCTION
 

A fundamental requirement for the formulation of national energy 

policy is a clear view of the future evolutions of energy demand under 

alternative circumstances. This project has shown that there is 

both opportunity and choice in the Indonesian energy future. The 

opportunities derive from the range of energy resources available to 

the country and the increasing diversity of industrialization opportunities. 

In this context, the choice of the optimal energy development 

path is complex and must be founded upon a clear and flexible view of 

the future.
 

To be most useful for energy policy analysis and for making energy 

decisions projections of energy demand must have the following 

characteristics:
 

1. 	 The assumptions and all steps in the calculation 
should be clear. In this case detailed assumptions 
are included in Appendix A. 

2. 	 The projections should reflect future uncertainties.
 
For this reason a number of alternative cases have
 
been defined. Indications are also given of areas
 
of largest uncertainties in the projections.
 

3. 	 Sufficient detail should be included in the
 
prujections to allow analysis of fuel and
 
technology substitution for specific uses of
 
energy. An example of such detail is included 
in Chapter III on the household sector.
 

4. 	 The relationship between energy demand and
 
economic activity should be explicit so that
 
interrelationships can be examined.
 

The projections briefly summarized in this chapter end described 

more 	fully in Appendix A. 
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D. CURRENT ENERGY USE PATTERNS 

Consumption of fossil fuels and hydro has grown at an average rate 

of about 12 percent per year in the last decade. The latter part of the 

decade starting in 1977 has experienced extraordinary high rates of increase 

surpassing 20 percent yearly. Growth rates of this magnitude would be 

expected to be continued in the near future as the country experiences 

development of an infrastructure in electric generation, cement and
 

fertilizer production, and an urban population with access to motorized
 

public transport and private vehicle ownership. 

Accounting for energy consumption in Indonesia presents various 

problems because of its large energy production sector (crude oil and 

natural gas) which utilizes significant amounts of fuels in processing, 

refining, liquefying and transporting. A large fraction of this energy 

produced is exported as a commodity. In the accounting selected in this 

study, all fuels utilized in this large conversion sector, plus fuels
 

destined to International bunker are omitted from what is labelled 

Domestic Energy Demand. Table IV-1 summarizes this information for 

1978 by sector of energy consumption. Total energy demand amounted to 

385.2 million barrels of oil equivalent (Hboe), of which 68 percent or 

262.6 Mboe is accounted for by the estimated energy content of firewood 

and agricultural wastes used In households and small-scale industrial 

and commercial establishments. The remaining 32 percent is predominantely 

based on petroleum, at 107.5 Mboe or 88 percent of commercial energy 

consumed. Natural gas comprises 9 percent of commercial energy and 
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TABLE IV - I
 

DOMESTIC EMERGY DFMAND BY SECTOR - 1978 
(Thousand Barrels Oil Equivalent - Kboe) 

Petroleum Natural LPG Hydro* 
 Total Firewood Total

Products Coal Gas 
 Com'l. & Agric. Energy
 

Wastes
 

Agriculture 3,413 
 3,413 716 4,129
 

Mining 1,464 61 
 1,525 1,158 2,683
 

Manufacturing 18,930 238 10,665 
 29,833 742 30,575
 

Construction 1,080 
 1,080 1,080
 

Services 8,920 
 8,920 8,920
 

Transportation 33,242 
 155 33,397 33,397
 

Households 32,015 
 262 348 32,625 260,000 292,625
 

Electric 8,432 
 3,900 12,332 12,332

Generation
 

107,496 
 454 10,927 348 3,900 123,125* 262,612 385,260
 

Expressed as fossil fuel equivalent
 

** Excludes energy used in the refining, production and distritution of petroleum, and in production
of natural gas and coal; also excluded are natural gas used in production of LNG and LPG for exports and
 
international bunkers.
 

Source: Appendix B
 



hydropower 3 percent; small amoumts of coal are also utilized.
 

Excluded from the tabulation are about 10-11 Hboe of petroleum
 

products used in the exploration, refining and transportation of petroleum,
 

and 68-69 Mboe of natural gas W-ilized in the production of LNG and LPG
 

(and which is exported), and utilized as fuel in gas fields and separation
 

plants. These utilization rates correspond to 1978 and will change
 

significantly from year to year as new liquefaction and separation plants
 

are built, and as new refining and hydrocracking capacities are brought
 

on-stream. Details on the petroleum and natural gas supply and trans

formation section can be found in Appendix B, Section I.
 

Households are the largest energy consuming sector,..using 76 percent
 

of total comercial and non-commercial energy. The use of firewood and
 

agricultural wastes for cooking in rural areas is widespread in Indonesia,
 

as detailed in Chapter III; the relative ineffifiency of the hearths in
 

which the biomass resource is burned is partially the reason that the energy
 

content of the biomass is twice that of all fossil resources utilized in
 

one year. Kerosene use in households accounts for one tenth of total
 

energy estimated to be used in households, and for wholly 30 percent of
 

total petroleum products. The growth in kerosene sales has averaged
 

11.6 percent per year as a process of substitution between it and fuelwood
 

for cooking and vegetable oil for lighting, plus increased urbanization
 

has taken place. This process of substitution is far from saturation
 

levels, although the price of kerosene (versus "free" home garden wastes
 

and in some cases "free" firewood) and the preference of biomass fuels
 

for certain types of food preparation will have a significant impact
 

in the future growth rate of kerosene sales.
 

Natural gas and coal are used principally in the industrial sector,
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as fuel for cement kilns and metals smelters, and as feedstock for 

fertilizer. A small fraction of natural gas is distributed by the 

town gas company to households and comercial users, and coal is used 

in railraods in the coal mining rep 'on. The limited role of these 

fuels in Indonesia's current domestic use patterns contrasts with 

the ample reserves of these resources. This may well change in the 

future as coal is increasingly used in electric generation
 

and in industry subject to overcoming barriers in transportation between 

the coal producing regions in Sumatra and centers r: demand in Java. 

Growth in internal utilization of natural gas is hampered by the 

distance between production dreas and centers of consumption. Expansion 

of liquefaction capability in the country, however is expected to lead
 

to further exports of LNG.
 

Petroleum products account for 87 percent of coummercial energy use,
 

and about 30 percent of them are used in each of the major consuming
 

sectors: industry, houpiholds and transportation (Table IV-2). About
 

8 percent is used by the public utility sector. This fraction of petroleum
 

used for public utility electric generation is low by international
 

comparisons (considering that except for small amountsof hydro, petroleum 

is the only source for generation) and is an indication of the relatively
 

low level of development of this sector. No more than 10 percent of
 

the population has access to electricity from the public utility; more
 

importantly, the private generatian sector (mostly captive genera.ion in
 

mines and industry) is nearly as large as that of the public utility
 

and is consuming nearly one half of the petroleum used by the industrial
 

sector, 
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TAR!E IV - 2 

PEThIOLM PRODUCT DDMAND BY SECTOR 
(Thousand Barrels 011 Equivalent) 

1978 

Diesel & 
r.12 Oil 

Kerosene 
Jet Awl 

Gasoline 
..---

Total 

Agricultur.',. 

mining 

Manufacture 

Construction 

ServIces 

Transportation 

Households 

Electric 
Generation 

3,413 

1,464 

18,930 

1,080 

916 

12o312 

-

8,432 
...-

46,347 

-

-

-

8,004 

2o558 

32,015 

-

43,529 

-

-

-

18,913 

--

-

-

18,913 

3413 

19464 

18,930 

1- 080 

8,920 

32*242 

32,015 

8,432 

107,496 

32 

12 

18 

12 

82 

302 

302 

32 

-

Source: Appendix 3 
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11onufacturing
 

Energy purchased by the manufacturing sector In 1978 amounted. to 

30.5 Hboe, of which 27 percent was light diesel oll, 16 percent was 

industrial diesel, 20 percent fuel oil, 35 percent natural gas and 1.3 

percent electricity purchased from the utility. Purchased electricity 

amounts to no more than 14 percent of total electricity use In manufacturing, 

which for the most part is generated internally. The energy used ir 

generating this captive electricity accounts for nearly one half of the 

petroleum products purchased by the sector. Table IV-3 presents the 

consumption in 1978 for the following sectors: food and beverages, textiles, 

pulp and paper, cement, other non-etallic minerals, -iron and steel, 

fertilizer, other chemicals, rubber and other. Larbest consumption is in 

fertilizer, in which natural ga Is utilized as a feedstock fox production 

of nitrogenous fertilizer. Cement Is the largest consumer of petroleum 

products, followed by textiles and food and beverages. Energy is used in 

these'sectors in widely varying applications: besides electric generation
 

discussed above, cepent requires high temperature direct heating in kilns, 

textiles utilizes tuels in generating steam and hot water fo, operating 

machinery and washing and finishing of materials, and the food Industry 

uses fuels to raise steam for washing containers and heating water to low 

temperatures for cooking. Inmost cases, the energy requirements in these 

industries can be met by fuels other than petroleum. At present, the cement 

industry is the most diversified, using principally coal as fsel in one 

plant, and, starting in 1979, natural gas in another. Consumption of 

fuels by the manufacturing sector grew by 29Spercent from 1978 to 1979. 

Use of petroleum products, grew by 17.9percent, natural gas use by 58.9 

percent and purchased electricity by 30L9percent. 
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TABLE IV - 3 

ENERGY COISUMPTIO IN HMAUFACTURING, 1978 (kboe) 

Enerty Uses 

Food and Beverages 
Textiles 
Pulp and Paper 
Cement 
Other Non Met. Miner. 
Iron and Steel 
Fertilizer 
Other Chemicals 
Rubber 
Other Manufacturing 
Subtotal 

Light 
Diesel Oil 

1800 
2687 
343 
266 
693 
516 
54 
;53 
755 
424 

8,233 

Industrial 
Diesel Oil 

722 
1303 
202 
1107 
851 
353 
--
110 
165, 
89 

4,902 

Fuel Oil 

1230 
358 
286 
1952 
695 
506 
872 
41 
64 
91 

6,095 

Nxtural 
Gas 

-

-
-

-
-
25 

6575 

6,600 

Coal 

-
-
-
238 
NA 

238 

Purchase,5 
Electricity 

36 
129 
28 

117 

13 

49 

38 
411 

Total 

3788 
4477 
859 

3680 
2239 
1493 
7501 
895 
984 
642 

26,478 

Feedstock Uses 
Fertilizer 
Iron and Steel 

Total 39233 4,902 6,095 

4044 
21 

10,665 

-

238 411 

49044 
21 

30,543 

Source: See Appendix a 



Transportation
 

Petroleum used in the transportation sector mounted to 33.2 Mboe in 

1978 and 36.3 Kboe in 1979, for a growth of 9.1 percent. In addition, 

small mounts of coal and firewood are used by railroads. In 1978, road 

transport comprised 82 percent o:* the total petroleum products used in 

the sector; the remainder Is used by ships (7.8 percent), air (7.8 percent) 

and railraods (2.1 percent). These amounts exclude air and ship 

international bunkers, and fuel use in shipping of crude oil by Pertamina. 

Estimates based on vehicle registration statistics, assumptions on 

vehicle miles travelled and fuel efficiencies indicate that trucks 

consume 42 percent of fuels used in road transport, automobiles consume 

22 percent, buses 24 percent and motorcycles 12 percent (Table IV-4).
 

Gasoline comprises 68 percent of this usage, and diesel 32 percent. 

These figures are very uncertain and warrent better definition.
 

It is clearly of importance to estimate this breakdown more 

accurately (for which the Ministry of Transport and Communications 

publishes different figures) as a first step in 6stablishing a fuel 

conservation policy for the transport sector. The nature of fuel consumption 

in this sector is such that besides conservation oriented regulations no 

near term alternatives exist to reduce growth in petroleum based fuels. 

Households 

The household sector, as mentioned above, consumes 76 percent of 

all commercial and non-commercial energy used in the country. An estimated 

3 
260 million boe (112.7 million m ) of firewood and agricultural wastes 

were used in 1978; kerosene use amounted to 32 million boe and LPG 

339 kboe. Household uses are principally cooking (for which firewood is 

largely used as discussed in Chapter 11) and lighting. 

60 



TABLE IV-4
 

FUEL CONSUMPTION IN ROAD TRANSPORT
 
BY MODE, 1978
 

Registration, Inventory Utilization 
 Fuel Fuel Consumption
 

Factor Efficiency Gasoline Diesel Total 
(Vehicles) km/vehicle (km/liter) (kboe) (kboe) (kboe)
 

per year
 

Trucks 331,658 0.75 30,000 3.8 7565 
 4097 11662
 

Automobiles 532,299 1.00 
 15,000 7.6 6037 - 6037
 

BuseS 58,365 0.75
 

Intercity 
 502. (est.) I00,000 
 2.9 - 4773 4773
 

Urban 502 (est.) 45,000 3.2 
 1771 - 1771
 

Motorcycles 1,960,237 
 0.70
 

3 wheel 202 (est.) 24,000 21.0 1805 
 - 1805 

2 #heel 802 (est.) 7,200 32.0 1420 -- 1420 

All Modes 18,598 8,870 27,468
 

Note: Automobiles, motorcycles and urban buses use gasoline, intercity buses use diesel;
 

by difference, 67% of fuel (in volume) used by trucks is gasoline and 332 is diesel.
 

Source: E/DI estimates
 



About 2 million out of Indonesia's 28 million households use
 

to most sources, the remainder ofelectricity for lighting; according 

households use kerosene lamps, although locally produced fuels such as
 

coconut oil are known to be used in remote areas. Electricity is used 

in households to power appliances such as TV sets, refrigerators and 

irons; electric water heating is rare even in urban areas and electric 

cooking is also insignificant. 

The estimate of firewood consumption (260 million boe) is 

obtained from the CSIS observation of approximately 2900 Kgs of
 

firewood per household per year (1.8 Kgs per capita per day). The
 

energy content of the biomass is estimated at 4500 Kcal/day. A 

national total is obtained for 1978 on the basis of 27.9 million 

rural households. Firewood use in urban households, which number 

less than 2 million, has been estimated to be no more than 5 percent 

of rural household use.
 

Kerosene has been estimated to be used 50 percent for lighting and 

50 percent for cooking. About 42 percent of kerosene is used in urban 

58 percent in rural areas. Table IV-5 summarizes this informationareas and 

and indicates the assumptions made for obtaining these estimates. These
 

estimates, which add a new set of figures to the existii,3 literature on
 

the subject, have been derived in order to form a basis for projecting 

future demand based on results of the rural energy survey (see Appendix D). 

Other Sectors
 

Sectors of final demand not included above are agriculture, mining, 

The largest fractionconstruction, commerce and goverment institutions. 

62
 



TABLE IV - 5 

Bout.. 'IEHOLD KEROSENE CONSUMPTION 1978 

FPer%action* 

Yearly 
Capita

Consumption Total 
-

TOUe Umosene 

R28.1
 

*Refe= 	to the fraction 
fuel for this r, 

Source_ Appendix B Sur.

-- (boe) (kboe) 

'0.60 0.21 3,541
 

'0.80 0.15 13,512 

17,053
 

3.80 0.47 10,566" 

1.15 0.35 5,912
 

16,478 

33,531
 

140.7 

112.6 

of the 	population using kerosene as the predominant
 
urpose. 

'plement 
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of the 3413 kboe of petroleum products used by agriculture is in forestry,
 

most of which is diesel to power equipment and vehicles. Other users in 

this sector are plantations and mid-sized farms. Consumption grew by 

The mining sector consumed 1525 kboe of18 percent between 1978 and 1979. 


in 1978, and the largest consumer inpetroleum products and 61 kboe of coal 

arethis sector (about one half of the liquid fuels and all the coal) the 

tin mines and smelters. Nickel consumes about one third of the total 

pel:r leum used in this sector, and in addition generates electricity for its 

own use from a 125 Mw hydroelectric facility. Consumption of fossil
 

fuels grew by 33 percent between 1978 and 1979. 

The construction sector utilizes predominantly diesel for trucks end 

other on-site vehicles. Consumption in 1978 amounted to 1,080 kboe.
 

The povernment and services sectors consumed a similar amount of diesel 

(916 kboe); in addition, 20 percent of total kerosene sales (8,000 kboe) 

are estimated to be consumed in this sector by rural commercial establish

ments, for lighting and foodstalls and similar- outlets for cooking. Nearly 

35 percent of the electricity sold by the public utility is destined to
 

office buildings, atoves, warehouses and hotels that are part of the
 

services sector.
 

Utility Electric Generation 

The public utility generation system in Indonesia currently consists
 

of over 300 isolated systems that are scattered throughout the islands
 

where, with the exception of Java, peak demands are relatively low. Of
 

installed by March, 1980, (including some hydroelectric
a total 2710 Mw 

sites operated by institutions other than the state-owned public utility, 

PLN) over 70 percent, or 1976 Mw Pre on the island oi Java. Two of the 
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largest load centers on Java have recently completed an interconnection;
 

elsewhere on the island, isolated systems also persist.
 

Indonesia's geography, coupled to the relative lack of development
 

of the utility system are reflected in the breakdown of installed capacity in
 

the system (Table IV-6). Diesel generators represent 19 percent of total
 

installed capacity nationwide, but 59 percect of that in the islands other 

than Java. Most of the growth in the early 1970's was met by relatively
 

inefficient gas turbines, which represent 33 percent of total capacity.
 

These operate currently at low plant factors in Java as steam generation
 

has been brought on line. Steam generation (utilizing fuel oil) has
 

reached 36 percent of total installed capacity on Java and is scheduled 

to grow; outside Java, only 7 percent of capacity is via steam generators. 

Sales by PLN (including its purchases of hydropower generated by 

other institutions) have grown at an average yearly rate of 17.5 percent 

between fiscal year 1975 and 1979. Residential customers purchase about 

45 percent, commercial customers 35 percent and industrial customers 

19 percent (Table IV-7). Fastest growth has been that by industrial 

customers, which grew annually by 20 percent between 1975 and 1979. These
 

purchases, however, represent less than 15 percent of total industrial
 

electricity needs. Thus, the future growth in generation by PLN is closely
 

linked to policies regarding self-generation versus grid-generated 

electricity by the expanding industrial base of the country. In the case
 

where future industrial electrical needs will be met by the grid (geographical
 

considerations aside), a substantially reduced growth rate in diesel fuel 

sales to the sector will be observed; on the other hand, PLN generation, 

which historically has already been growing at the 17.5 percent annual
 

rate mentioned above, without substantially changing the historical pattern
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TABLE IV-7
 

ELECTRICITY SALES BY SECTOR (Gwh) 

Residential Industrial Commercial Total
 
and Government
 

1975/76 1290 500 1014 2804
 

1976/77 1420. 551 1111 3082
 

1977/78 1640 637 1250 3527
 

1978/79 1962 793 1532 4287
 

1979/80 2428 1036 1879 5343
 

Note: 	Residential: Tariff classes S1, Ri to R4
 
Industrial : Tariff classes I1 to 14
 
Commercial : Tariff classes U1 to U4, Hi, H2, $2, G1, G2, J.
 

Source: See Appendix B
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between self-generation and 	purchases by industry, will have to grow 

substantially faster in order to provide the bulk of industrial 

electricity needs.
 

Rural, Non-household Sector 

Little reliable information exists on energy use by the rnral 

include agriculture, 'mostnon-household sector, taken 	here to 

timber, extractive industriesagro-industry, forestry and dispersed 

such as clay, sand and gravel and minor mineral deposits, and rural 

craft, textile and food industries. This sector consumed in 1978 

14 million boe, of which 2.6 Hboe were firewood andapproximately 

human and animal power in agriculture
charcoal, 2.7 Mboe in equivalent 

with the remainder for the most part consisting of diesel, fuel . .1, 

(Table IV-8). A large fractionkerosene and other petroleum 	products 

of the oil used outside households in the rural sector is accounted for
 

n the energy balance presented above under traditional economic 
activity
 

of agriculture, mining and manufacture; however, nowhere inheadings 

the existing publications on energy demand in Indonesia is a separate 

analysis of this sector available. Appendix C: Energy Use for
 

Productive Purposes in the Rural Sector in Indonesia contains such 
an 

analysis and its principal findings are sumnarized here. 

8 percent of totalThe rural non-households sector consumes 

petroleum products sold, but 60 percent of this energy is accounted
 

for by large-scale enterprises (in particular plantations, sugar 
and
 

rubber primary processing and timber extraction) that, in statistical
 

the total ruralterms, provide for a relatively small proportion of 
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TABLE IV - 8 

RURAL SECTOR ENERGY INPUTS FOR PRODUCTIVE 
(Thousand Barrels Oil Equivalent) 

PURPOSES 

Kerosene 
Light 
Diesel 

Other 
Oil Products 

Other 
Comercial 

Firewood 
Charcoal 

& Human & 
Animal Total 

Agriculture - 1012 341 - - 2655 4008 

Agro-Industry 

Sugar 533 191 1232 40 505 2501 

Rubber 14 432 81 10 31 568 

killing 1 888 3 0 - 891 

Edible Oils 7 89 44 5 13 - 158 

Crop Drying 30 34 4 0 126 - 194 

Other 

Fotestry 

" 

2 

-

2157 80 2 

41 

- -

41 

2242 

Extractive Industries 5 138 669 3 1159 - 1974 

Food Industries 435 26 - - 578 - 1039 

Craft Industries 59- -. 74 - 132 

Textiles 

Other 

25 

5 

-

38 - -

51 

40 

-

-

76 

82 

Vater, Etc. 

Totals 

-

1115 

76 

5080 2454 61 

-

2616 

-

2655 

76 

13981 (2) 

(1)Electricity, gas, coke and coal
 
(2)Due to rounding, totals may differ from the stm of indivildual elments
 



workforce. The small-scale subsector is also concentrated, with 

85 percent of small-scale usage of purchased energy accounted for by 

the sugar, milling and food subsector8. On the other hand, energy 

inputs to agriculture, even vhen human and animal effort are included 

in the calculation, is relatively small. Mechanical equipment associ.zed 

with food crop production (tractors and pumps) account for less than 

I percent of the energy inputs to the rural, non-bousehold sector.
 

About 75 percent of the purchased eiergy by the large-scale subsector, 

and 50 percent of that of the small-scale subsector Is used to produce 

rotating shaft power. 

Biomass use is estimated at 2.5 Mboe (excluding charcoal), 

based on information on expenditures for fuels to various economic 

segments; this estimate is on the low and of the range, whereas other 

sources cite what appear less reliable estimates nearly three times 

larger. More important than the actual amounts is the recognition of 

the coexistence of a "low energy" system that embodies mostly 

practices or technologies that require little other than cnimate power. 

with a modern or modernizing segment that at present has an almost 

universal preference for oil-derived energy. The exceptions are 

the Lnergy intensive processes that include 'closed system' biomass 

resources, such as in rubber, sugar and tobacco. 

The general effect of the availability of cheap, and indeed subsidized, 

oil-derived fuels has been to reinforce the development of a bimodal rural 

economy and a corresponding bimodal energy consumption pattern. The 

"low energy" pattern persists where for reasons of s.,ale, the technical 

chracteristics of the product, the dernds of tte market, or the relative 

costs of the different types of energy dictate continued reliance on biomass 
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in one way or another. Specific exsaples of Where the oLl-derived 

fuels find little application are: saall-scile ogriculture (except where 

there are opportunities for technical irrtgL. and/or micro-sechanization), 

mall-scale manu.scture of bricks and tiles, small-tcale Ifteburning, fire

cured tobacco, small-scale rubber smoking and certain fish preservation 

procasles. 

The complementary sod* to the isoder su, actor,, wItb 32 telativsl7 

'"higbenergy" pattern. This description Is varranted not only because 

In absolute ter*% the modern sector takes the larger share of the total 

of purchased energy, but also because the activiLies and processe involved 

are generally more energy-intensive rs measured 1y both the labor inputs 

and the ,-oduct outputs. 

this bimodal pattern can be discerned,Although in general terma 

U" of kerosene tis spread throughoutthe 6istinction is not clearcut. 


the sector, for industrial as well as domestic purposes. This development,
 

which has accelerated in recent years, has undoubtedly been assisted by 

pricing !vlicies which have (at ever-lecreasing subsidy cost) effectively 

of delivered hetmaintained e rough parity In terms of cost per unit 

betweea kerosene And much of the comercially traded firetood. The 

investuent neede4 to utilize kerosene either domestically or for small

scale industrial processes is relatively mall and it Is not, therefore, 

or substitute for fireuood.surprising that it has become the main complement 

that the price srructure adopted for all oil-derivtd
It seems iine.y 

fuels-involving, in recent years, an element of subsidy throughout the 

range-has led to some usage practices that would not hpve occurred had 

true cout prices obtained. The use of kerosene for the drying of tobacco 

:U, larger-scale enterprises is probably an example. So, too, is the use of 
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light diesel for the firing of bricks, again in large,-scale enterprises. 

much general supportiveThis raises the possibility (for vhich there is 

evidence) that such of the oil-related structural change in the rural 

acouomy owes as much to the actual cheapness of the energy provided 

does to their capacity to promote Innovation.by oil-derived fuels as it 

Oil nd as Sectors 

Indonesia
Large amounts of petroleum and natural gas are consumed in 

in tha course of extracting, transporting and processing the crude oil 

and ustural gas produced in the country. Becavse a large fraction of this 

production is ultimately exported, the energy utilized by these activities 

have been omitted from hst has been labelled 11)omestic Demand" (see Table IV-). 

It is howvear important to include this information in order to obtain a 

total of the true internal consumption of petroleum and natural gas in the 

cov'try. This is presented In Table IV-9. 

The national pettolem company consumes energy in the transport of 

crude to refineries (mostly waterborne), in the refining process and in 

the distribution of petroleum products (both overland and by tankers).
 

Both national and foreign companJis consume fuel in the production 

of crood. In 1978 these activities consumed about 15.0 1be 

of petroleum products and 1.2 Mboe of atural gas, and of this total 

10.2 Mibo werA consumed by refineries. 'hs total, which is equivalent 

to about 0.1 boe per barrel of crude refined, excludes the energy consumed 

In refineries in Singapore that process crude destined to Indonesian markets. 

1Wtu:* gas used as fuel In L1NG plants amounted to an estimted 6.0 Nboe 

-U,
 



TABLE IV - 9
 

UEG CONSUMPTION OF OIL AND GAS SECTORS, 1978 
(Thousand Barrels Oil Equivalent) 

Petroleum Natural
 

Products1 Cas 

Crude Production 1496 -

Refineries 8943 1226 

Petroleum Transportation 
and Distribution 3242 

LNG Plants - 6050 

LPG Plants - 837 

Natural Gas Production - 8372 

13681 16485 

Include Refinery Gas 

Source: Appendix B 
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in 1978, and that used as fuel in LPG plants is estimated at 0.8 Mboe. 

The LNG and LPG produced are sold overseas; besides its use as fuel, 

other losses and shringakes occur so that the energy content of the L14G 

smaller than the energy of the naturaland LPG finally exported Is content 

gas used as feedstock and fuel in these plants. 

Natural gas is also used as fuel in gas fields. In 1978, this 

use amounted to 8.4 Mboe. 

C. MACROECONOMIC PROJECTIONS 

The basic economic projections utilized in this, study are provided 

by the Social and Economic Research Institute of the University of 

Indonesia (LPEM). These projections are based upon asatmuptions of the 

growth of per capita CDP and population. Two sets of assumptions are used 

in order to generate a low and a high rate of aggregate economic growth.
 

Population growth rate, vhich remains unchanged In both cases, is assumed 

to be 1.9 percent per year between 1978 and 1990 and 1.8 perceat per 

year between 1990 and 2000. In the low groath case, GDP is projected to 

grow 5.8 percent per year between 1978 and 1990 and 5.5 percent per yea-r 

between 1990 and 2000. Per capita GDP is projected to grow at an average ra:e 

of 3.8 and 3.6 percent per year in the two periods respectively. In the high 

growth case, aggregate GDP is projected as growing 7.0 percent per
 

year throughout the projection period. GDP per capita is projected to
 

xrow 5.0 percent and 5.1 percent per year respectively during the two
 

projection periods (Table IV-10). 

Recent information collected by the 1980 census, not available at 

the time of the LPED report, indicates that the current prpulation growth 



rate is 2.34 percent p.a. (1971-1980), substantially higher than the
 

2.0 percent estimated earlier. The sensitivity of the higher population 

growth Y'ate to energy demand was explored for the case of household 

energy consumption; revised government estimates hold population probable 

rates at consideTable larger than 2.0 percent p.a. through 1989 (see note 

in Table IV-10). 

The LPE{ analysis provides growth rates for the Indonesian economy 

at a seven sector level: agriculture, mining, manufacturing, construction, 

electricity, gas and water, services, and transportation and communication
 

(Table IV-) ). A detailed discussion of these projections and the imbedded. 

assumptionsis offered in Appendix A. A discussion of the fashion in 

which the LPEM sectoral growth rates have been utilized in generating energy 

demand projections is contained in Appendix B (for example, the growth in 

the electric generation sector is not obtained from the LPEM projections). 

These projections are obtained in part from a "bottom up" approach in which 

planned additions to plant capacity are explicity considered and in part
 

from macro-economic methods. The various subsectors within the manufacturing 

and transportation sectors grow at rates obtained from several sources
 

(LPEM only provides growth rates at a more aggregate level). For example, 

in the manufacturing sector Independent projections are made for the food, 

beverages and tobacco, textiles, cement, iron and steel, fertilizer 

subsectors. The remaining sectors (accounting for approximately 60 percent 

of total value added in manufacturing) are projected so that growth of
 

overall manufacturing output is consistent with the LPEM projections.
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TABLE XV-10 

ECONOMIC GROWTH RATE ASSUMPTIONS 
(percent per year) 

1978-1990 1990-2000 

Low Growth 

'Population 1.9 1.8 

GDP 5.8 5.5 

GDP per capita 3.8 3.6 

High Growth
 

Population 	 1.9 1.8
 

GDP 	 7.0 7.0
 

GDP per capita 	 5.0 * 5.1 

Note: 	 Preliminary findings of the 1980 census of population indicate
 
an average yearly growth rate between 1971-1980 of 2.35 percent,
 
higher than the 2.0 percent that had been estimated at tho time
 
of the 	LPEK projections. Revised population growth -'teb .ire 
2.3 percent p.a. to 1984, 2.15 percent p.a. to 1989, <3 percent p.a. 
to 1994 and 1.85 percent to 1999. (KUBE Cominittee). 

Source: LPEM 
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TABLE IV-1I 

SECTOR GROWTH RATES OF VALUE ADDED, % PER ANNIN 

Sector 1978-1990 1990-2000
 

Low High Low Hisgh 

Agriculture 3.2 4.0 4.4 5.0 

Mining 3.4 4.0 4.5 5.3 

Manufacturing 9.9 11.6 7.6 9.7 

Construction 7.2 8.7 5.5 7.0 

Transportation & 8.5 10.4 6.9 9.5 
Conunication 

Other Services 6.7 8.1 5.1 6.6 

GDP 5.8 7.0 5.5 7.0
 

Source: L9H 1 
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D. EERGY DEMAND PROJECTIONS 

The levels of consumption of energy and the mix of fuels existing 

in 1979 have been used as a basis for the energy demand projections. 

Except where mentioned below, the growth of sectoral energy consumption 

is assmied to be directly proportional to the projections of sectoral 

value added. This is the case for the agriculture, mining, construction
 

and services sectors and most manufacturing and transportation subsectors.
 

The exceptions are the basic iron and steel production sector, the public 

utility electricity generation sector, automobiles, motorcycles and
 

households. 'Anthe cases of basic iron and steel and public utility 

electricity sectors the growth in production and energy consumption is
 

obtained from published expansion plans. Projectir;s of energy use by 

automobiles and motorcycles are based upon escalation rates of the numbers
 

of registered vehicles and assumptions regarding vehicle miles per vehicle
 

and vehicle efficiencies. Projectionsof household energy consumption are 

based upon projections of growth in the number of households, rate of 

urbanization and substitution of fuels (e.g. increased electrification).
 

Where the growth of sectoral energy consumption is tied directly to 

value added the underlying assumption is that the relationship between 

value added (measured in 1978 rupiahs), output as measured by 1978 rupiahs, 

output as measured by physical quantity and energy consumption remain
 

fixed throughout the entire projection period. This assumption is identical
 

to that employed in fixed coefficient input-output analysis. The assumption 

implies that as value added doubles so do output and energy consumption.
 

Thus all relevant segments of economic activity exhibit elasticities of 

,*'aergy demand with respect to economic growth of one. This does not
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mean that a unit elasticity is used for the manufacturing and transportation 

sectors as a whole. If proportionately more growth (in terms of value 

added) is experienced in the energy intensive subsectors than the less 

intensive ones then the aggregate elasticity will be greater than one. 

Energy consumption is projected as a function of value added in 

order to ensure consistency with the macroeconomic assumptions of future 

gr-wth. It is also expedient because va~ue added statistics are available 

in some detail for Indonesia. This consistency between individual sectoral 

growth projections and the more aggregate ones of GDP could not be ensured 

if individual projections were made in terms of physical quantities alone 

(e.g. tons of cement). In this study the manufacturing and transportation 

sectors are disaggregated into 11 and 7 subsectors respectively. Table IV-12 

summarizes the projection assumptions. 

The projections of fuels used for electricity generation are based on 

estimates of future electricity production made by PLN. The PLN Plan2 

indicates a growth in electricity generation averaging 15.7 percent per year 

for the period 1978 to 2000 for the entire system (the P12N Plan only projects 

generation in the Outer Island (5), to 1990; the extrapolation to 2000 is an
 

E/DI estimate). This ambitions expansion plan has been associated in this 

analysis with the high GDP growth case of 7.0 percent per year. For the 

low GDP growth case, the same ratio between electricity growth and GDP growth 

implicit in the high -ase (+2.24) has been applied to the lower 5.8-5.5 

percent GDP growth rates. These result in growth rates of electricity 

generation of 12.7 percent per year.
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TABLE IV - 12
 

ENERGY DDAND PROJECTTONS SUMMARY OF ASSUMPTIONS
 

Sector Basis for Projection 

Economic Projections Low GDP growth: 5.8Zp.a. 1978-1990 
5.52p.a. 19?0-2000 

High GDP growth:7.0p.a. 1978-2000 
LPEM Macroeconomic model with 
disaggregation based on Chenery-
Syrquin (World Bank) 

Agriculture, Mining Sectoral Growth rates (LPEH) 

Manufacturing 
steel, cement, paper, Plant Capacity Expansions 
food, textiles etc. Subsector Prognoses 
other Overall sector growth #LPEM) 

Services, Government etc. Sectoral Grcuth Rates (LPEM) 

Transportation 
Autos, motorcycles Urban households, income 
Air, ship, rail Histrocial trends 
Trucks Manufacturing sector growth 

Households Growth in households, urban-rural 
breakdown, substitution of fuels 
(e.g. increased electrification) 

Electricity Generation High GDP: Based on PLN Plan 
(Supply constrained) (15.7Z p.a. to 2000) 

Low GDP: Ratio of electricity growth 
to GD growth of +2.24 
(12.7Z p.r. to 2000) 
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E. PROJECTION RESULTS 

Tables IV-13 through IV-16 present the projected energy balances 

for the low and high growth cases. 

By the year 2000 total commercial and non-coumarcial energy consumption 

is projected to be 1,019 million boe In the low growth case and the 1,202 

aullion In the high growth case. These projections represent an average 

annual growth rate of 4.5 and 5.3 percent respectively over the 1978 lhvel 

of 385 million boe. Commercial energy consumption alone is expected to grow 

at a much faster pace, averaging 7.8 and 9.6 percent per year between 

1978 and 2000 for the low and high growth cases respectively. These growth 

rates imply total income elasticities of energy consumption of approximately 

1.4 in both cases. 

The mix of fuels meeting future energy demands follow, with a few 

exceptions, historical datterns. No major shifts in patterns of 

fuel choice or relative fuel prices are introduced. Liquid fuels, 

which almost exclusively power the transportation, household and industrial 

sectors, are all obtained from crude petroleum. Usage of natural gas
 

is assumed to ncrease only as new plants planned for the petrochemical 

sector are introduced into the energy projection. The same is the case 

for the increased use of coal. The major exception is the electric generation
 

sector, in which the PLN Plan frowm which the tabulated projections are 

derived, pursues a policy of substitution of oil for otn - s,urces. Coal
 

becomes a major input to electricity, together with an expansion of 

hydroelectric capacity and the introduction of geothermal electricity. 

Nuclear plants are introduced in 1997 according to the PLN Plan and by 

the year 2000 amount to 9100 MW. In order to quantify the impact of a 

less ambitious nuclear construction schedule, a second case was prepared 
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TABLE IV-13
 

Oil and Gas Sector 

Agriculture 

Hinin§ 

Hanufacturing 

Construction 

Services 


Transportation 


Households 


Electric 

Generation 


DOHESTIC MIERGY DEMAND BY SECTOR 

1990 Low Growth
 
(Thousand Barrels OUi Equivalent - kboe)
 

Petroleum 
Products Coal 

2 
Natural 

Gas 
LPG Hydro 

Ceo. & 
--. Nuclear 

30,600 - 38,600 

6,027 - - N/A 

2,833 77 -

55,783 7,043 54,900 N/A 

2,041 - -

23,818 -

75,803 - - N/A 

59,772 - N/A 

16,459 17,812 - 22,091 

--

273.136 24,932 93,500 5,500 22,091 

Total 
Com'l. 

69,200 


6,027 


2,910 


117,726 


2,041 


23,818 


75,803 


59,77Z 


56,362 


419,159 


Firevood 
& Agric. 
Wastes 

Total 
Energy 

1,045 

69,200 

7,072 

1,730 

1,083 

4,640 

118,809 

2,041 

23,818 

75,803 

349,000 408,772 

56,362 

352,858 772,077 

Note: 
 number of decimal places retained for consistency and do not indicate accuracy
 

1. Includes refining, transportation, separation and liquifaction

2, Includes feedstocks for city gas fertilizer plants; excludes feedstocks for LNC and LPC plants
 



TABLE IV-14
 

DOMESTIC VNERGY DEMAND BY SECTOR
 

1990 High Growth
 
(kboe)
 

Petroleum 
Products Coal 

Natural 
Gas 

LPG Hydro 
Geo, & 

Total 
Com'l. 

Pirewood 
& Agric. 

Total 
Energy 

Nuclear .-Wastes 

Ol'"&nd Gas Sector 36,700 38,600 75,300 75,300 

Agriculture 6,562 6,562 1,146 7,7C8 

Mining 3,019 82 3,101 1,854 46955 

MAnufacturing 65,324 7,043 57,900 130,267 1,188 131,455 

Construction 2,379 2,379 2,379 

Services 28,829 28,829 28,829 

Transportation 90,031 90,031 90,031 

Households 64,581 64,581 305,000 369,581 

Electric 30,893 29,936 22,0Q1 82,920 82,920 
Generation 

328,318 37,061 96,500 
 5,500 22,091 489,471 309,188 798,659
 

Note: number of decimal places retained for consistency and do not indicate accuracy
 

1. Includes refining, transportation, separation and liquifaction

2. Includes feedstocks for city gas fertilizer plants; excludes feedstocks for LNG and LPG plants
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TABLE IV- 15
 

Oil and Cas Sector 


Agriculture 


mining 


Hanufacturing 


Construction 


Services 


Transportation 


Households 

Electric 

Generation 

Petroleum 

Products 


53,600 


9,270 


4,399 


114,179 


3,486 


.6,416 

137,152 


91,587 


15t486 


475,577 


DOMESTIC ENERCY D1MAND BY SECTOR 

2000 Low Growth
 
(kboe)
 

Natural2 LPC Hydro 
Coal Cas Ceo. & 

- __----- Nuclear 

- 52,700 

N/A 

120 

7,043 89,000 N/A 

N/A 


N/A 


101.333 36,555 


108,496 141,700 12,00 36,555 


Total 

Co1'1. 


106.300 


9,270 


4,519 


210,222 


3t486 


46,418 


137,152 


91,587 


153,374 


774,32p 


Firewood Total
 
& Agric. Energy
 
Wastes 

106,300
 

1,607 10,877
 

2,687 7,206
 

1,666 211,888 

- 3,486 

46,418 

- 137,152 

377. 0 468,587 

- 153,374 

382,960 1,157,288
 

Note: 
nmber of decFll places retained for consistency and do not indicate accuracy
 

I. Includei refining, transportation, separation and liquifaction

2. IncludJs feedatockq for city es", fertilizer plants; excludes feedtocks 
for LNG and LPG plants
 



DOMESTIC EiERGY DD(AND BY SECTOR 

2000 High Growth 
(kboe) 

Petroleum Natural LPC Hydro Total Firevood Total 
Products Coal Gas Gen. & Com'l. & Agric. Energy 

Nuclear Wastes 

Oil Ind Gas Sector 73,900 52,700 N/A 126,600 125,600 

Agriculture 10,688 10,688 1,867 12,500 

Hinf'g 5,061 137 5,198 3,107 8,305 

Manufacturing 158,956 7,043 100,600 N/A 266,599 1,935 268'534 

Construction 4,680 4,680 - 4,680 

Services 70,795 70,795 - 70,795 

Transportation 198,653 N/A 198,653 - 198.653 

Households 102,315 N/A 102,315 270,000 372,315 

Electric 
Generation 

PM Plan 34,998 105,846 126,549 267,393 - 267,393 

Limited 118,188 105,846 43,359 267,393 _ 

Nuclear 

TOTAL Diversification 660,046 113,026 153,300 12,000 126,549 1,065,241 276,909 1,342,150 

Plan-

Limited Nucl. 743,556 113,026 153,300 12,000 43,359 1,065,241 276,909 1,342,150 

'Ntet ntnober of Aecim l nlace retained fcr consistcncy nnd 6o not indicate accuracy 
1. :ncludes refining, transportation, sepa'.Intln r.n. .rqwlnction 
2. -ncludes feedstocks for city gas fertilizer p~anto; exc.uces feedstocks for ItG and LPG plants
 



and labelled "Limited Nuclear", in which only 1300 MW are assumed to be 

in place by the year 2000 with the difference filled by oil. For the 

low GDP case, in which total electricity generation Is substantially 

lower than the high GDP case, nuclear capacity by the year 2000 is 

a single 600 MW plant. 

Prolected Demand for Fuels 

The rate of Increase of the consumption of petroleum products is the 

lowest of all energy forms. The 476 million boe which are projected to 

be consumed in the end year of the low growth case projection reflects 

an average annual increase of 6.5 percent for the 22 year period. Con

sumption of oil products is expected to climb to between 660 and 744 million 

boe for the high growth case, implying annual growth rates of 8.1 and 8.7 

Vjrcent respectively. The spread comes about from different rates of 

In the
introduction of nuclear power plants within the projection period. 


case where this introduction falls short of the one stated in PLN's
 

Diversification Plan, petroleum based electricity supplies the difference.
 

Use of coal expands more rapidly than any other fuel, reaching a
 

level of 108 million boe and 113 million boe by 2000 in the low and 'igh 

growth cases respectively. These levels imply average annual growth rates 

of 28 and 28.5 percent for the 22 year period. Most of this growth occurs 

in the 1978-1990 period during which time coal use is expected to grow 37 

and 43 percent per year in the low and high cases respectively due to
 

large-scale implementation of power stations.
 

Use of natural gas also expands rapidly reaching a level of 89 million 

boe in the low growth case and 101 million boe in the high growth case 

mplying average annual growth rates of 10 and 11 percent respectively. 
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These growth rates exclude all natural gas required for LNG and LPG 

exports as well as other natural gas used by the gas production sector.
 

Table IV-17 shows the composition of the commercial energy system
 

by type of fuel. Petroleum products accounted for slightly more than
 

87 percent of total commercial energy consumption in 1978 and while oil 

continues to dominate the energy under both growth assumptions, its 

role is substantially reduced in the low growth case and high growth 

case (PLN Plan). In the low growth case this share is projected to 

decrease to 70 percent by 1990 and to 63 percent by 2000 as coal becomes 

the principal fuel iu the electric sector and as proportionately more 

coal and natural gas penetrate the cement and steel industries. Coal und 

natural gas become increasingly prominent fuels throughout the 22 year period 

accounting for 16.2 and 13.3 percent of total commercial energy in 2000 

compared to 0.4 and 9.0 percent in 1978. The share of total commercial 

energy accounted for by hydro electricity increases to about 5-6 percent
 

in 1990 and then declines over the next 10 years to 4 percent as the rate
 

of expansion of hydro projects levels off. In the case of a redfted 

level of construction of nuclear plants, petroleum products remain at 

over 70 percent of total commercial energy, or similar to the levels 

reached in 1990. The assumption used in the analysis, as indicated above, 

is that petroleum based electricity takes up the slack of the reduction 

in nuclear plants. 

As can be seen from this brief saumary of the projection methodology 

and results, the growth -in demand for fuels uses as a consistent basis 

of projection a framework of economic growth obtained from LPEM. The 

exception is the electric generation sector which, because of large 

components of current unmet demands, is entirely dependent on growth 
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TABLE IV- 17
 

COMPOSITION OF COMMERCIAL ENERGY SYSTEM* 
(Percent)
 

1978 1990 2000 
Low 
GDP 

High
GDP 

Low 
GDP 

High GDP 
PLN 

High GDP 
Limited 

Plan Nuclear 
Plan 

Petroleum Products 87.3 69.3 70.4 63.2 62.5 71.4 

(ncl. oil to elect. 
generation) 

Coal 0.4 7.1 9.0 16.2 12.0 12.0 

Natural Gas 8.9 15.7 14.0 13.3 10.7 10.7 

LPG 0.3 .. 6 1.3 1.8 1:.3 1.3 

Hydro 3.2 5.8 4.5 4.0 2.7 2.7 

Nuclear - - - 1.Q 10.4 1.5 

Geothermal - 0.7 0.7 0.6 0.4 0.4 

Excludes demand of the oil apd gas sector. 
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by the expansion schedule of the electric utility. This schedu'i s not 

a'function of overall GDP growth (at least notexplicitly) and can best 

be described in terms of capital available for expansion of electrir 

generation infraestructure. In these terms, the PLN Plan (used for
 

the High GDP case in this analysis) seems quite ambitious and will not 

be easily met. The terms of the ratio of electric generation to total 

commercial enm.rgy ielivered, the projection presented here (High GDP case) 

yields a figure of 0.15; as a comparison, the current ratio for the 

U.S. is 0.13, one of the highest in the world. On the other hand, the 

low GDP case departs from the PL Plan and by the year 2000 would be 

generating only 57 percent of the electricity indicated by the 1FIX Plan. 

In this case, the ratio of electricity to total delivered energy is 0.10, 

a figure which compares better with the realities of the energy systems 

of other countries. 

Projected Energy Demands by Sector 

Table IV-18 presents a picture of the distribution of projected
 

energy demand (for all commercial energy) by sector of economic activity. 

The proportion of total commercial energy accounted for by the manufacturing 

and electric sectors increase steadily throughout the 1980's, from 24
 

percent to 30-34 percent in manufacturing and from 10 percent to 16-20 

percet in electric generation. Towards*the year 2000, the share of
 

commercial energy consumed by the manufacturing sector decreases
 

somewhat from levels reached.in 1990. The share consumed bv the
 

electric sector continues to rise in both low and high GDP growth cases,
 

increasing to 23 and 29 percent of the total energy in 2000. The
 

proportion of commercial energy consumed by households declines sharply
 

from 26.5 percent *,i 1978 to 11 - 14 percent in the final year. The 
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TABLE IV-18 

DISTRIBUTION OF TOTAL COMMERCIAL ENERGY D MAND* 
(percent)
 

1978 1990 

Low High 

Agriculture 2.8 1.7 1.6 


Mining 1.2 0.8 0.8 


Manufacturing 24.2 33.6 31.5 


Construction 1.0 0.6 0.6 


Services 7.2 6.8 7.0 


Transportation 27.1 21.4 21.7 


Households 26.5 17,.1 15.6 


Electric Generation 10.0 16.A 20.0 


* Excludes oil and gas sector demand 

2000
 
Low High
 

0.9 1.1
 

0.7 0.6
 

31.5 28.4
 

0.5 0.5
 

7.0 7.5
 

20.5 21.1
 

13.7 10.9
 

23.0 28.5
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transportation, construction, mining and agriculture sectors also account
 

for a sm~ller share of total comnercial energy consumption by the year 

2000 in both cases. 

The use of petroleum products remains prralent in all sectors of the
 

economy throughout the projection. However, the distribution of oil
 

coLJUnptin is significantly altered as the result of substitution effects 

in the electric and household sectors, and because ol the differential
 

growth rates between sectors. The change of the distribution of
 

consumption is shown in Table IV-19. The shares of total consumption
 

accounted for by the manufacturing and services sectors steadily increase
 

throughout the projection period under both cases. Those of agriculture 

and households steadily decline in all cases and all years while those 

of mining and construction remain essentially unchanged. 

The share of total consumption of the manufacturing sector grows 

very rapidly, from 18 percent in 1978 to 27 percent in the yeur 2000. 

The transportation sector increases its 6hare to 34 percent in 2000 from' 

30 percent in 1978. On the other hand, the household sector decreases 

its share of petroleum demand from 30 percent in 1978 to 18-22 percent in
 

the year 2000. This drop is derived from the relatively slower growth
 

rate in petroleum demand from households, as compared to manufacturing
 

and transportation. The share of petroleum used in electric generation 

varies throughout the projection years depending on assumptions or the 

penetration rate of other sources of energy. This is discussed separately
 

below. The distribution of natural gas consumption among the four 

economic activities that are projected to utilize it is indicated in 

Table IV-20 for 1978, 1979 and all projection years (no natural gas is 

projected to be used outside the manufacturing sector). Although the 
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TABLE IV-19
 

2 
TOTAL PETROLEUM PRODUCT DEMAND BY SECTOR 

(Percent)
 

1978 1990 2000 
Low High Low High

1.8
 

3.0 2.5 2.3 2.2 1.6Agriculture 

"0.9 
Mining 1.0 1.2 1.0 1.0 0.8 

23.0 22.4 27.1 23.718.0 23.7Manufacturing 


Construction 1.0 0.8 0.8 0.8 0.8
 

0.7
 

11.0 12.19.8 9.9
8.0 10.6Services 


33.930.0 31.3 30.9 32.5
Transportation 29.7 

17z5
30.0 24.7 22.2 21.7Households 15.3
 

6.8 10.6 3.7 6.0
 
Electric Generation 8.0 


17.7
 

1 Upper line is PLN Plan 
Lower line is Limited Nuclear 

2 Excludes Oil and Gas Sector 
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Sector 


Cement 

Iron & Steel 

Fertilizer 

Other Chemicals 

Total (M) 


Total (kboe) 


TABLE IV-20 

DISTRIBUTION OF NATURAL GAS (%) 

1990 2000
 
Low High Low High
 

1978 1979 GDP GDP GDP GDP
 

- 7 25 24 16 14
 

1 12 9 9 11 10
 

100 79 54 56 66 70
 

- 3 12. 11 7. 7
 

100 100 100 100 100 100
 

10,665 16,945 54,900 57,900 89,000 100,600
 

Note: 	 excludes LNG and LPG plants; includes feedstocks
 
used in fertilizer and cement industries.
 

Source: Appendix B, Supplement
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to remain the principal consumer offertilizer industry is projected 

and iron and steel industries will become increasinglynatural gas, the cement 

significant users throughout the 1980's and 1990's.
 

are projectedIn comparison with other fuels, only small amounts of coal 

to be consumed within mining, manufacturing an6 services. The proportion 

of total coal use accounted for by the electric fromsector ranges lowa 

of 87 percent to a high of 96 percent in the years 1990 and 2000 in the 

shares in case are 92low growth case. The corresponding the high growth 

and 95 percent. The cement and other non-metallic mineral products
 

fraction of the remainder with the miningindustries consume all but a small 

Coal potentially
sector accounting for less than 1 percent of the total. 


could take up major shares of fuel use in these sectors, subject to 

infrastructural changes regarding its transportation, storage and the
 

devices used in combustion.
 

Energy Resources to the Electric Sector
 

As indicated in Table IV-21, the fuel mix of the electric sector is 

projected to alter significantly during the next 19 years. In 1978 oil 

products accounted for approximately 68 percent of total energy to electric 

generation by the utility with hydro accounting for the balance. The 

fuel mix is projected to change dramatically as soon as 1990. At this
 

time oil is expected to constitute 29 and 37 percent of total fuel use
 

in the low and high growth cases respectively. Coal Is expected to be
 

the principal substitute for oil at this time, accounting for 32 and 36
 

percent of fuel use in the two cases. The contribution of hydro is projected
 

to increase to 34.5 percent of total generation in the low case but to
 

In the
decrease to a little over 23 percent in the high growth case. 


latter case the expansion of hydro generation is not expected to keep pace
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TABLE IV-21 

COMPOSITION OF RESOJRCES TO THE ELECTRIC 
(Percent) 

SECTOR 

1978 1990 
Low High 

Growth Growth 
GDP GDI 

Low 
Growth 

GDP 

2000 
High GDP 
Growth 

PLN Plan 

High GDP 
Liited 
Nuclear 

Petroleum 

Products 

-Coal 

Hydro 

Geothermal 

Nuclear 

68.4 

-

31.6 

-

-

29.2 

31.6 

34.5 

4.7 

-

37.3 

36.1 

23.4 

3.2 

-

10.1 

66.6 

16.6 

2.5 

4.7 

13.1 

39.6 

9.5 

1.5 

36.4 

44.2 

39.6 

9.5 

1.5 

5 2 

94
 



with the projected increase of electricity demand. Consequently the system
 

will have to rely more heavily upon oil and coal relative to the low case. 

The projection to the year 2000 shows that the importance of oil 

continues to decline, accounting for 10 to 13 percent of total fuel in'-ut. 

The contribution of hydro also declines from its 1990 share. Geothermal 

as shown here has a limited role according to what is contained in the 

PLN Plan; a much larger expansion of over 3000 MW is envisioned by the 

Ministry of Mines and Energy, which will generate electricity for sale 

to PLN (see Chapter VI). In the high GDP case, and using as a basis the 

PLN Plan, coal contributes to 40 percent of total resources to electricity 

and nuclear energy 36 percent. In the low GDP case, the rate of 

construction of coal fired plants is kept equal to that of the high GDP 

case, with the consequence that 66 percent of required generation would 

be met with coal. A single 600 MW nuclear plant would contribute less 

than 5 percent. In the case of high electricity requirement with a 

limitation of nuclear plants to 1300 MW, the contribution of nuclear 

would be 5 percent;in this case petroleum products fill the gap and
 

constitute 44 percent of resources into electric generation in the year
 

2000.
 

F. SUMMARY AND DISCUSSION
 

A complete configuration of Indonesia's energy system for 1978 is 

contained in figure IV-1. In this figure, sectoral energy demands, described 

in detail in this chapter of the report, are linked to energy supplies 

and energy production rates by a flow diagram or Reference Energy System. 
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Shown in the diagram are flows of domestic production, energy, exports,
 

(3)
and losses in refining and other conversion and trarsportation losses 

Total domestic consumption, which amounted to 413 million barrels of oil 

equivalent (Mboe) in 1978, is the sum of all energy resources consmed 

in the country less net exports. It differs from domestic demand
 

tabulated earlier in this chapter (see Table IV-1) in that the totals
 

here include energy consumption by refineries, by LPG and LNG producers
 

and other uses such as lubricants and other non-energy petroleum products.
 

In 1978, exports of crude oil, petroleum products and sales to international
 

air and ship bunkers amounted to 521 million boe: LNG exports to 36.5
 

million boe and LPG exports to 11.1 million hoe.
 

Figures IV-2 to IV-5 contain Reference Energy Systems for 1990 and
 

2000 for both the low and high GDP growth cases. Total domestic consumption
 

grows to 772 million boe in 1990 (low GDP) and 800 Mboe (high GDP) respectively;
 

(4) 
year 2000 projections total 1163 Mboe (low GDP) and 1351 Mboe (high GDP) 

Exports of LNG amount to 145 Mboe in 1990 and 218 Mboe in 2000 ( 5 ) , and 

processing efficiency is taken as 57 percent. LPG exports are projected 

to be 9.2 Hboe(6); crude oil production and exports are too uncertain 

to quantify meaningfully and have been omitted from the diagrams. 

Table IV-22 summarizes the resources consumed for all cases and reference 

years. Totals indicated here are crude oil needed to meet .internal demands,
 

and natural gas used in the country by final consumers and by oil companies; 

excluded are the natural gas feedstocks for LNG and LPG plants earmarked 

for exports.
 

It is important to emphasize again in this summary the assumptions 

that are critical to the formulation of future energy demands presented
 

here. Most of the uncertainties linked to these assumptions have been
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FIGURE IV-4 
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FIGURE IV-5 
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Crude Oil 

Natural Gas 


Coal 


Hydropower 


Firewood 


Nuclear, geothermal 


Total 


TABLE IV-22 

DOMESTIC RESOURCE CONSUMPTION 
(MILLION BARRELS OIL EQUIVALENT) 

1990 2000 
Low Hih Low High 

283.0 338.9 495.0 683.4 

93.5 96.5 141.7 153.3
 

20.4 32.9 105.8 111.7
 

19.4 19.4 25.4 25.4
 

352.9 309.9 383.0 276.9
 

2.7 2.7 11.2 101.2 

771.9 800.3 1162.5 1351.0
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already mentioned in this chapter but it is valuable to reiterate them
 

here. 

First and most important is the issue of population growth. The
 

latest information on higher than expected growth rates have led to 

revisions of GDP projections; whereas LPE4 in 1980 uses 5.8 percent p.a. 

as a low rate and 7.0 percent per year as a high rate, the revised 

population growth rate has led to an upwards revision of GDr growth of 

6.1 percent per year for a low case and 8 percent per year for a 

7
high case . Higher GDP growth assumptions lead to higher sectoral
 

growth rates than the ones used in these projections, and thus higher 

energy demands. For example, kerosene demand for households are 

projected to be 99.0-110.6 million boe on the basis of the revised 

population projections, as compared tc 91.6-102.3 million boe (used
 

in this report) based on lower popul ation growth rates.
 

Another important souce of uncertainty are the growth rates in 

electric generation cited from PLN. As mentioned elsewhere, they seem 

high by International standards vis a vis energy demands for other 

energy forms. This issue is compounded by the limited knowledge on 

the future role of the self generation sector in industry. According
 

to PLN, their high growth rates are in part justified by a policy of
 

gradual absorption into the grid of self-generators (whose electricity
 

output in 1978 was approximately equivalent to that of PLN). PLN's goal
 

Is also to provide electricity to all new industries created in the future.
 

Incorporation of this policy into the projection would result in a
 

substantial reduction of the projected petroleum demand for the
 

manufacturing sector. The 1978 levels of petroleum cousumption by this 

sector would be adjusted to reflect only usages unrelated to electric 

generation. This results in a basis for projection approximately one half
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Future demand for petrolemn In manufacturingof that actually used. 

-would appear breaking significantly with historical trends. The 

impact of this adjustment on total demand for petroleum products is 

of a decrease of more than 12 percent. 

Lastly, there is no historical basis to project utilization of 

Its usage grows with increasesand other biomass resourcts.firewood 

be offsetin population and households income; these two factors may 

by a drecrease in the proportion of the population using traditional 

This is the result the year 2000 projection highfuels for cooking. 

GDP case; in all other cases, the resulting projection shows slight 

examples underline the heuristicincreases in firewood demand. These 


nature of any energy demand projections made at this time for policy
 

of keeping the inate uncertainty
analysis and underline the necessity 

out energy policy analysis.of energy projections in mind when carrying 
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electric transmission and distribution (76 percent).
 
For hydropower, a "fossil-fuel equivalent" efficiency of
 
33 percent is used. Energy flows indicated in
 
Fl ure IV-1 include petroleum products not used as energy
 
sources (such as lubricants and asphalts - 1.9 million boe);
 
excluded from the diagram are small uses such as coal and
 
firewood to the transport sector (railroads), electricity to
 
rural households and LPG to industry.
 
LPG exports in 1978 amounted to 4.3 million barrels, or 3.0
 
million boe. The difference between natural gas inputs and
 
LPG output not accounted for as fuel us in the LPG separation
 
plant is shown as a process conversion factor of 0.27.
 

4. 	 Reference energy systems for 1990 and 2000 contain the following
 
assumptions; the breakdown of electricity demand by sector is
 
the same as :
cisted in 1978, transmission and distribution
 
efficiency increased from 76 percent to 81 percent in 1990 and
 
to 86 percent in 2000 according to PLN estimates and refining
 
efficiency is 91 percent. Non energy uses of petroleum
 
products are included as a fixed percentage of transportation
 
fuels, using 1978 data as a basis.
 

5. 	 Pertamlna: Perkiraan Pendapatan Indonesia Dari Export LNG
 
(February 5, 1980), indicates exports of 234 Mboe; the source for
 
the amounts shown here is MICAS (see Appendix B).
 

6. 	 MICAS estimate of LPC,exports.
 

7. 	 GDP growth rates being used by MICAS in current (June 1981)
 
projection analysis, provided by Ir. Sumbaryono, Directorate
 
General of Oil and Gas.
 



V TECHNOLOGY ASSESS IENTS
 

A. EVALUATING ALTERNATIVES 

Indonesia htes the basic good fortune to have a substantial set of alterna

tives to oil. Oil remains the easiest to use and the cheapest to produce, but 

the relatively cheap and easy past is phasing into a more difficult and expen

sive 	future. The significance of this chapter is that it outlines the clear
 

availability of alternatives in coal, biomass, hydropower, geothermal, solar, 

and wind energy. It also notes, however, none of these alternatives can be put 

in place without spending considerable capital and developing expanded organ

izational capability. In the past Indonesia made a formidable effort to gain 

control of its oil resources. A substantial effort will have to be made again 

to substitute other fuels for some of those oil resources. The discussion in 

this chapter provides a sense of what is needed to successfully supplement the 

current national energy program. 

The scope of this project did not allow new field measurements or resource 

evaluations for the resources. Rather, using existing information and ex

tensive interviews, the assessments attempted to evaluate each of these altern

atives in a consistent manner and within a coor framework of future energy
 

demand. 

In each case the followIng issues were addressed:
 

o 	 Extent of the basic resource 

o 	 Extent of current expoloitation of the resource 

o 	 Potential future use of the resource/technology 

o 	 Barriers to be overcome if the resource/technology
 

is to achieve its potential level of use
 

o Most important next steps to be taken to develop the technology
 

Ln judging the future potential of a technology we have considered
 



economic feasibility; we assume no introduction of a technology unless 

it is cost competitive relative to the world price of oil. In many cases,
 

if wide-spread application of the technology is to be accomplished a 

number of financial, institutional and commercial barriers must be 

overcome. Our evaluations give some idea of the nature of those barriers 

and of the benefits to be obtained by overcoming them. 

B. THE POTENTIAL FOR COAL USE* 

The Resource Base
 

Coal represents Indonesia's most significant energy'resource for
 

growth in the intermediate term. The nation's coal resources, some 

15 billion tons, have an energy content 2 - 3 times that of oil and gas 

combined. Peat may be a resource of comparable magnitude. Table V-i 

shows some current estimttes of coal reserves. 

Table V-i 

COAL RESERVES 

million metric tons 

Region Hard Coals Lignite 

West anI Central Sumatra 200-300 
South Sumatra 200-250 15,000 
N.E. Kalimantan 	 100-150
 
E. Kalimantan 	 100-150 500 
S.E. Kalimantan 	 150-200 
W. Java 	 10- 20
 

There also appear to be very large unevaluitid deposirs on Lalimantan
 

* 	 Details of this assessment are to be found in Appendix E,"The Coal 

Potential in Indonesia", by M. D. Schlesinger. 
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probably of lignite quality. 

To our knowledge peat has never been considered seriously as an 

energy resource in Indonesia. However, vhat evidence there is suggests
 

that there may be up to 140 billion tonnes of coal equivalent (200 billion
 

tonnes of peat) available. Indonesian peat (considered as an organic 

soil) has been analyzed by the Soil Research Institute at Bogor to have 

a carbon content of 40 - 60 percent. 

Historical and Current Use 

Coal production in 1941 attained a level of two million tonnes a
 

year, about a third of wltch was exported. A low point in production was
 

reached in 1973 (about 150,000 tonnes) but by 1979 production had reached
 

Of that amount about one tenth was exported. The
almost 280,000 tonnes. 


currant use of coal is discussed elsewhere in this report but It should
 

be noted here that about a third is used for power generation at and near
 

the mines and none for central station generation away from mines. The
 

cement industry (about 50,000 tonnes)and railroads (about 30,000 tonnes)
 

are also major users. 

Potential Future Use
 

Plans are now complete for increasing the production of coal at
 

Bukit Asam from about 200,000 tonnes per year to 2.5 million tonnes per 

year by 1983/84. Most of the output will go by rail and barge to the 

new Suralaya power complex. The Suralaya plant will have a capacity of 

600 Mw in its first phase but consideration has been given to a doubling 

of the entire chain (mining to power) by the late 1980's. The Ombilin 

mine, now serving a partially loaded power plant of 12 Mw, could be a 

significant energy source - at least for the Central Sumatra region. Its 

-
sustainable production could be at the level of I 1.5 million tonnes per
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year. The resources at Banko in South Sumatra represent the largest 

identified source of coal. Future possible production levels are highly
 

speculative but 8 - 10 million tonnes by 1990 and 20 - 30 million tonnes 

by 2000 are not inconceivable. To judge from current experience, coal
 

will 	be an economical replacement for oil. Even Bukit Asam coal delivered 

to Suralaya (at $70 per tonne) is half the price of oil (at world market
 

prices). Ombilin coal delivered to Padan is considerably cheaper 

($44/tonne). Several million tonnes of peat could also be produced by
 

2000 at comparable energy costs.
 

In addition to use in central station power plants and industry, 

such as cement, there is the possibility of using coal 'for domestic 

cooking. There is some evidence that coal is being so used informally 

around existing mines (see Appendix). Although it would have to be 

devolatilized and briquetted, coal fuel would probably be considerably 

cheaper than kerosene. The small mines on Java would be an advantageous 

source; levels of use of 100,000 tonnesin 1990 and 200,000 tonnes in 2000 

are quite possible (1,300 and 2,600 barrels of oil equivalent, bz:, per 

day). Peat could be used in a similar way. Total levels of coal and peat 

use in households could be 300,000 tonnes in 1990 and 800,000 tonnes in 

2000. 

Barriers to Future Development and Use 

There are barriers of various kinds to the full exploitation of
 

Indonesian coal resources. Among these are:
 

1. 	 Lack of adequate characterization of the coal resources; 
geological and chemical 

2. 	 Remoteness of the resource relative to users and the 
attendant need to develop a transport infrastructure in 
an uncertain investment climate. 



3. 	 Lack of trained personnel at various levels but
 
particularly in middle management in coal development 
and use. 

The recommendations cited below address these barriers. 

Recommendations 

Background for many of the following recommendations is to be 

found in Appendix E. 

1. A national coal development plan should be created. The 
plan 	should address issues such as resource appraisal, mine 
and infrastructure development, supporting R&D, manpower 
development, future coal use possiibilities, environmental 
and social concerns and should arrive at a national coal 
investment plan. That plan could then be the baris of future 
discussions with possible investors and financial institutions. 

2. 	 An evaluation should be made of peat as an .energy source 
for Indonesia. This evaluation should include a survey 
of international peat use, a resource evaluation, and 
assessments of means fov using peat for power production, 
industrial heat and domestic uses. This could be part of 
the national coal development plan, 

3. One or more coal research and testing centers should be
 
a coalestablished. One of the centers should establish 

bank consisting of carefully selected representative
 
samples (amounting to a few tons each). An active 
program of coal chemistry, catalysis and combustion
 
(including coal-oil and coal-watcr mi:Utures) should be 
developed. Research on peat should be included in one of
 
the centers. The centers should be based at or affiliated
 
with 	universities in order to support appropriate manpower
 
development.
 

4. 	 Field testing should begin on domestic use of coal for
 
cooking. This would require preparation of various
 
types of coal and briquets, and stoves and a technical
sociological testing program in a number of areas. The
 
program should also include evaluation of small-scale, 
labor intensive mining.
 

5. 	 Although eventually it may be advantageous to produce
 
gaseous and liquid fuels from coal, given Indonesia's
 
gas and oil resources and projected costs of synthetics, 
synthetic fuels from coal should not be accorded a high 
priority at this time. They should be considered after 
simpler alternatives such as coal-oil mixtures. 
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6. It wuuld appear that the national level coal coordinating

comnittee, which exists an paper, should begin to 
funciton actively. The development of a vigorous coal
 
program will involve many agencies and institutions and it 
is of some importance to establish a network of coal researchers 
and planners. A great deal of information must flot4 through 
the system - much more from abroad than in now the case - and that 
flow must be managed. The coordinating committee should be able 
to draw on experienced Indonesian znd foreign technical experts 
as required. The committee should oversee the study recommended 
in point I above. 

C. ENERGY FROM BIOMASS* 

Introduction
 

Biomass in its largest sense refers to all living matter. Here we
 

use the term to refer to material of vegtable origin, such as wood,
 

rice husks, farm and animal wastes that can be burned directly or
 

converted to a fuel such as charcoal or biogas. The challenge for future
 

biomass use in Indonesia is to reduce the economic, environmental and
 

social cost o current biomass - particularly wood fuel - use and to take
 

advantage of the vast biomass potential of the country to reduce its
 

dependency on finite oil resources.
 

The Resource Base
 

The forests of Indonesia produce annually an amount of renewable energy
 

equivalent to over 2 billion barrels of oil (boe), far more than current oil
 

production and more than 20 times current fuel-wood usa. Because of its location,
 

Details of this assessment are to be found in Appendix F, "Assessment
 
of Biomass as an Energy Resource in Indonesia", by Olympic Associates.
 
See also Appendix C.
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and high unit energy transport cost, only local resources are now being used, 

leading to serious loca3 deforestation, erosion, high fuel prices and 

pressure on kerosene t ipply. 

Currently, 122 million hectares are in forest and are classified 

as 47 million hectares production forest, 40 million hectares protection 

forest, 10 million hectares conservation forest, and 25 million hectares 

reserved forest. Unproductive land in Indonesia amounts to 42 million 

hectares, Current use of woody bioass continues to increas exceeding 

recorded production by some 36 millikw tonnes in 1976 on Jave alone.
 

Very large uncertainties attach, however, to both the supply and the demand
 

side of the biomass picture (see Appendix C). 

Current Use
 

As discussed in Chapter IV about 45 percent of current energy use
 

is in the form of fuelvood, while agricultural wastes account for an 

additional 15 percent.
 

Potential Future Use
 

On Java alone the four million ha of so-called wasteland (i.e. marginal
 

land not well vuited for agriculture) could produce 40 million additional
 

tonnes of biomass by the year 1990, equivalent to at least 80 million boe,
 

and If the remaining 16 million ha of wasteland in Indonesia could be forested
 

by year 2000, the total fuelwood production from forests could be 200 million
 

tonnes, equivalent to at least 400 million boe. Much of this energy could be
 

used directly without conversion to charcoal, but even If charcoal were to be
 

developed and used extensively on Java, the loss in charcoal conversion of 50
 

percent would still result in 200 million boa for household use on Java. It
 

ay be reasonable to expect that 10 percent of this potential could be
 

attained by 2000.
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The opportunities for expanding the current use of biomass in the
 

Industrial sector, particularly the forest products industries, and the
 

introduction of biomass as a fuel for electricity generation in remote 

and isolated areas of Indonesia are promising. The forest products 

industry, particularly plywood and pulp, and paper, are grou ng rapidly. 

Almost all the existing saw mills and plywood mills use diesel generators 

for supply of plant power requirements. The wastes available from the 

saw and plywood mills can be used to generate the energy requirements 

of these mills and wood-fired cogeneration is perfectly suited to the plywood 

industry. With an aggressive effort, the forest products inc'ustry could 

become energy self-sufficizt t within the next 10 - 15 years. Forest 

product wastes have the energy content of several hundred boe.
 

Electricity generation by small wood-fired electric power plants 

should be considered for Sumatra, Kalimantan and other forest-rich 

islands. These islands not only have the resource, but also 

provide ideal sites for demonstrating the technical and economic
 

feasibility of small scale (0.5-10Mw) wood-fired power plants. The 

gasification option could also be considered for retrofitting existing 

small (less than 10 Mw) PLN oil-fired electricity-generating plants 

in Sumatra and Kalimantan. The relative economics of direct combustion 

vs. gasification systems tends to suggest that existing facilities 

could best be retrofitted with gasification systems, while new facilities 

could best be served by direct combustion technology. 

For household energy use, technological advances in the fields of
 

silviculture, charcoal production and charcoal stove design will make 
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increased use of natural growth of biomass and charcoal a technically
 

and economically feasible method to meet energy needs of the householder
 

in the next 10 - 15 years. Methane production from organic wastes for
 

hoLuprcold use is perceived to have a limited potential in Indonesia,
 

primarily because of several technical, economic and social bar:iers. 

There are a number of possibilities of producing liquid fuels - ethanol
 

or methanol - from biomass. A project is now getting started to produce 

5 million litres a year of ethanol from sweet potatoes in South Sumatra
 

and there are ambitious plans to multiply that project in other trans

migration areas. Whether agricultural crops or wood should be used for 

alcohol production is still a question but, based on pther countries'
 

experience (particularly Brazil) an aggressive program should be able
 

to produce 25 million boe by 2000 and perhaps 5 - 10 millii boe by 1990. 

Where there is a shortage of fuelwood, such as on Java, the use of 

agricultural wastes and the home garden's potential for firewood are
 

important. Data indicate that if home gardens were well managed they 

could contribute up to 60 percent of the fuel demand of a village community. 

Agricultural residues on Java will not increase significantly, since
 

the agricultural productivity is presently at nearly its maximum level, 

and therefore the potential from agi-cultural wastes would be another 

8 million tonnes, or, at a rate of two boe per tonne, approximately 

16 million boe. Some of this could be supplied in the form of charcoal, 

for example, produced by pyrolysis of rice husks. 

There are several programs underway to increase biomass resources. 

These include dissemination of seeds and seedlings of fast growing trees, 

experimental plots of fast growing trees, and research on soil character

istics relating to increased biomass production.
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Barriers to Future Development and Use 

Three types of barriers must be addressed in the increased use of 

biomass: 

technological: more efficient technologies must be adapted. 
These include charcoal production, fast growing trees (more 
efficient solar conversion), pyrolysis etc. The logicitice 
and economics of the use of ethanol produced on small scale 
farms present difficulties. 

geographical: if the major biomastj producing areas are to be 
used effectively higher energy density products - charcoal, 
methanol, ethanol - must be developed at large scale, 

socio-cultural: social patterns may have to be adapted to
 
new energy forms such as charcoal use for cooking, and
 
the growing of new tree varieties.
 

Recomiendations
 

Details of the following recommendations are provided in Appendix F. 

1. 	 One of the major difficulties in this area as elsewhere
 
in the energy system is the large uncertainties that
 
attach to Important pieces of information. One source,
 
for example, attributes an uncertainty of a factor of 
1000 to wood used by industry off-Java. Generally subsector
 
output figures are usad to derive fuel use - a very un
satisfactory approach. Thus a high priority should be given
 
to obtaining better information on biomass supply, particularly 
as it is currently used and as it can be used by rural industry 
and households.
 

2. An accelerated program of research on fast growing trees
 
is recommended (specific species are identified in 
Appendix F). Tests should be made of single-row culture 
which should be expanded to village programs to encourage 

hedge-row planting of fast growing varieties. These varieties 

could also be used for village woodlots and large fuelwood
 
plantations on Java.
 

3. 	 Increased use of charcoal from ravaged forests or woodlots
 
and increases in the efficiency of charcoal production can
 

play a positive role in avoiding the dual problems of
 
deforestation and increased kerosene use. Development and
 

demonstration programs are recommended on: adaptation of
 
efficient charcoal production methods, the charcoal 
marketing and distribution system particularly the concept 
of charcoal centers, improved cooking devica, and charcoal
 
production from agricultural wastes.
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4. 	 Very large amounts of logging and sawmill wastes (many million
 
cubic meters annually) are available for more effective use.
 
Energy self-sufficiency of the wood products industry should be
 
a near term goal. Efforts should be made to develop data on con
version units (combustion - steam turbine - electricity or gas
ification) and promote their acquisition by the wood products
 
industry.
 

5. 	 Wood based power plants are worth increased attention. At a 
minimum, one or more pilot scale dendrothermal (wood-burning)
 
power plants should be built, with experience derived from the
 
current pilot scale dendrothermal project in the Philippines.
 
One or more demonstrations are warrented of wood gasifier power
 
.plants.
 

6. 	 Accelerated research is recommended on large as w;ell as small
 
scale pyrolysis units and the commercialization of this tech
nology should be supported. Large scale pyrolysis units should
 
be investigated based on wood and wood residues; tests are re
quired on the use o& pyrolytic oil as a substitute for industrial
 
use of fuel oil. The application of gasifiers based on agricul
tural wastes and powering agricultural equipment should also be
 
investigated. Support should also be continued for the current
 
biogas program.
 

7. 	 A national program for alternative liquid fuels production from
 
biomass should be developed subject to an evaluation of the non
technical aspects of such a program. Initially, parallel tracks
 
may have to be followed on ethanol production from crops such as
 
cassava or from wood and methanol production from wood.
 

D. 	 SMALL SCALE HYDROPOWER*
 

The Resource Base
 

The total hydropower potential of Indonesia has been estimated at 

31,000 Mw with roughly one third of that amount being on Irian Jaya. 

Currently there are 523 Mw capacity installed. In considering small
 

scale hydropower (in the 10kw - 500kw range) the applicable resource
 

is limited considerably by population distribution since the resource
 

is used locally. Furthermore, small scale hydropower generally will not 

Details of this assessment are to be found in Appendix G, "Small Scale 

Hydropower and Geothermal Energy in Indonesia," based on work by 
Kenneth Grover.
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be used in areas now served by the central grid and initially will 

find 	its greatest value in serving remote areas in place of diesel 

generation. Taking khese elements into consideration, the small
 

scale hydro resource base is roughly 500 - 1000 Mw. 

The Potential for Future Use
 

We have estimated that approximately 9 million people in rural 

areas of Sumatra, Kalimantan and Sulawesi could be served by small 

scale hydro in the next 15 - 20 years. For all purposes we have 

assumed a per capita usage of 50 watts. This corresponds to 450 MW of 

connected load. The size of the units wcmld vary from 25 kw (for 

villages of around 500 people) to 150 1-w fur groupings of 3000 people. 

By 1990 it could be possible to install 100 - 150 Mw of small scale 

hydropower.
 

Barriers to Use 

The technology is available, economical and can, at least in part 

be manufactured locally. Two major barriers to the use of small Ecale
 

hydropower would seem to be: 

1. 	 Lack of adequately trained manpower and an
 
adequate development program.
 

2. 	 Insufficient attention to decentralized 

alternatives for rural electrification.
 

Recommendations
 

In order to extend a small scale hydropower program beyond what 

currently is being implemented, the following steps are recommended. The 

emphasis should be o. more rapid deployment of small scale (up to 150 kw) units: 

1. 	 A survey should be carried out of areaa in Kalimantan, 
Sumatra and Sulawesi to select and collect data on 
20-25 sites according to criteria enumerated in 
Appendix G. Approximately 100 guaging stations should 
be installed to develop 'low- duration curves for a group 
of separated river basins.
 

.1 
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2. 	 A training and professional development program
 

should be initiated. This could include a regional
 

small hydro workshop, held in Indonesia.
 

3. 	 An analysis should be carried out of the economics
 

of decentralized rural electrification based on
 

small hydro in comparison with central and decentral

ized alternatives, in particular that of an extension
 
of the grid.
 

4. 	 A target should be set for small hydro power develop

ment - perhaps the '450Mw by 2000 in this report 
and the manufacturing capability developed to achieve
 

that goal. The first step is to achieve this target is
 

to establish a clear design philosophy.
 

'E. 	GEOTHERMAL ENERGY*
 

The Resource Base
 

The geography of Indonesia is obviously favorable for geothermal 

energy. The three requirements needed to create geothermal energy 

recovery possitilities are: 

a) presence of magma near the earth's surface. 

b) sufficient elevation above sea-level to give adequate 

hydraulic load in the re-charge water circuit. 

c) proper sub-surface rock conditions to permit heat 
exchange between the hot magma and the re-charge water. 

The high rate of rainfall (2000 un) in Indonesia completed the picture 

through adequate supply of re-charge water. The total exploitable of 

geothermal potential of Indonesia has been estimated at 8,000 - 10,000 Mw, 

with 	about helf of that total on Java.
 

Details of this assessment are to be found in Appendix G,
 

"Small Scale Hydropower and Geothermal Energy in Indonesia",
 

based on work by Kenneth Grover.
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There is a 150 kw unit in operation (currently at 100 kw) at Kamojang
 

in West Java and a 2 Mw unit just starting up on Dieng Plateau in West Java.
 

The government has identified seven areas on Java for development and has
 

invited foreign firms to submit proposals for exploration, development and
 

possibly power generation. In Sumatra there are six locations identified
 

and in Sulawesi three.
 

Potential for Future Use
 

Although it would require a considerable effort, we would estimate 

that the 3400 Mw of geothermal power being planned could be on line by 2000.
 

This estimate is due in part to the availability of the technology and the
 

favorable power costs - about 2.5€/kwh to be expected.
 

Recommendations
 

1. 	 If the potential of geothermal energy is to be achieved, 
exploratory drilling must be increased substantially. 
Currently 3 drilling rigs are in operation. Achievement 
of a 3400 Mw target by 2000 would require roughly 10 times
 
that number.
 

2. Once promising field are identified, rural electrification
 
programs should be funded in areas where small monoblock 
units can be installed to yield small blocks of local power 
and, at the same time, to "prove-out" the field. 

3. 	 A training program should be designed for geothermal
 
-
geologists and power development engineers. 

4. 	 An investigation should be carried out of the feasibility 
of basing thermal energy intensive industries in geothermal 
areas. 7ood, paper, textile and other industries now 
using fossil fuels could profitably be sited in such
 
areas.
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P. SOLAR ENERGY* 

The Resource Base 

is not limited by theThe application of solar energy in Indonesia 

of solar radiation reaching thetotal resource; even on Java the amount 

ground is extremely large compared with current energy consumption. In 

a year every square Km absorbs the equivalent of a million barrels of oil. 

There are quite large variations of solar intencity over the country, 

however and current information is not adequate to form firm conclusions 

about the economics of various applications. In particular there is very
 

large uncertainty in the ratio of direct to diffuse radiation which affects 

the applicability of concentrating collectors.
 

Current Use
 

There are a number of solar experimental programs under way at Indonesian 

Although some of these involve the participation
universities and institutes. 


heaters,of industry, for example in testing crop dryers and solar water 

none has reached the commercial stage. There is some photovoltaic 

electricity production, in small scale applications and a number of tests 

underway of various imported systems. 

Potential Future Use 

The potential for the use of solar in Indonesia is large. The areas
 

of early adoption will be single hot water systems for individual homes and
 

other small uses, institutional solar hot water beating (hotels, military,
 

public hotsing projects, etc.), industrial hot water heating (beverages
 

Details of this assessment are to be found in Appendix H, "An Assessment 

of Solar and Wind Energy In Ind9nesia", by James D. Westfield. 
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and food preparation), agricultural uses such as crop drying, and stand

alone electrification with photovoltaics. 

A small solar hot water beating system built in Indonesia has been 

developed and demonstrated, and as soon as these systems are comnercially 

available (probably 1983) there should be an excellent market for them. 

If the growth of the market for hot water heating increases as it has In 

the past, a total of approximately 10,000 new units will be required 

each year. if a locally constructed system could sell for $500 US, the 

size of the potential annual market from only this use would be $5 million US. 

If only 20 percent of this demand were supplied by solar units, the annual 

solar market would be $i million US. By 1995 approximately 40 percent of 

the annual installations could be solar. Larger solar hot water heating 

installations for comnercial and industrial establishments are also likely. 

The installation of these will likely start in the late 1980s with imported 

systems, and in the 1990s Indonesian systems should be available. 

A large potential market for more sophisticated solar hot water heating 

is hotels. Once this market is opened, other institutions such as hospitals, 

the military, etc., and certain industries will also be targets for sole2r 

hot water heating. Because the economics of institutional solar hot water 

heating are very much determined by the system design and cost, it is 

difficult to estimate specific market penetration rates or savings. 

However, by the year 2000 a target of 30 percent of the hot water to 

hotels, hospitals and industry to be provided by solar is not unreasonable.
 

There are numerous reliable systems available for commercial solar hot 

water heating which can be imported and installed. The Indonesian market
 

is already attracting interest on the part of exporting countries. Despite
 

the desirability of solar energy replacing oil, that goal can be combined
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with the aim of local employment and participation, particularly with 

these technologies.
 

The overall impact of solar water heating is not expected to be 

large. Even at the levels discissed above, less than one percent of 

consumption in the year 2000 could be replaced, representing an oil 

savings of 5.6 mboe. Solar crop drying can represent a significant 

contribution to the agricultural sector if not to the reduction of oil
 

demand.
 

Photovoltaics are another area of possible major solar involvement.
 

At present, research is underway into assembly and partial manufacture of
 

photovoltaic modules. It is likely that no meaningful in-country
 

manufacture will take place until:
 

o Simplified and less expensive manufacturing techniques are 
developed In the United States, Germany or Japan, and
 
adopted by Indc, esin. industry.
 

o An existing manufacturer decides to locate a facility in 

Indonesia.
 

The total mpact on energy use will be small until either of these two
 

steps is accomplished or prices of internationally manufactured cells
 

drops significantly. -The1990s will be a growth period for photovoltaics
 

and many specialized uses are possible. When they become economically
 

competitive with other alternatives, which is projected as happening some
 

time in the 1990s and at least by the year 2000, as much as one-tenth of 

one percent of the electricity demand could be supplied by photovoltaics.
 

This 0.1 percent would be in areas off Java where decentralized diesel
 

power is now located. One-tenth of one percent of the electricity demand
 

would be approximately 300 Gwh in 2000. Using current efficiencies and an
 

average solar radiation intensity of Indonesia this would require 2.7 million 
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square meters of photovoltaics.
 

There are other solar systems which should also be considered as 

possibly important to Indonesia's energy future. Concentrating solar 

thermal electric (power tower) and ocean thermal (OTEC) systems are both 

under consideration as major sources of electricity for the grid or for 

individual Industrial or agricultural applications. If world testing and 

development continue at their present rate and are successful, these
 

two should be available by the late 1990s. At the present, the use of 

concentrating solar thermal systems is questionable because of the possibly
 

high percentage of diffuse radiation in Indonesia. Very little performance
 

or cost information is available for OTEC, but th ;.minimum thermal gradient
 

necessary to consider applying this is found in the waters off Indonesia
 

(370F difference between surface and 1000 meters below the surface). Thus,
 

this may be a solar technology of the future for Indonesia, but we will be
 

able to say very little about the potential until the 1990s.
 

Barriers to Future Development and Use
 

The most important barriers to the use of solar energy in Indonesia
 

are:
 

1. 	 Lack of knowledge of solar resource.
 

2. 	 Lack of understanding in potential manufacturing
 

and using public of potential for solar applications.
 

3. 	 Lack of infrastructure to manufacture, supply,
 
operate and maintain solar equipment.
 

4. 	 Marginal cost competitiveness of most feasible
 
solar technologies (water heating) and non
competitiveness of others (photovoltaics, OTEC, etc.).
 

These barriers will not be overcome, however, and even the modest
 

contributions described above will not be attained, unless a much more
 

vigorous program on the part of the Government is undertaken to implement 
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commercially available solar technologies, particularly solar water
 

heating. 

Recommendations 

The foundations for a major solar energy program exists in Indonesia 

but there are several additional components which must be added if 

solar energy is to contribute to the country's energy future. The following 

steps are recommended. Because of their complementarity, recommendations
 

regarding wind power are included here. Details on all of these recomend

ations are contained in Appendix H. 

1. 	 An overall solar and wind development plan should be
 
prepared. Presently, numerous agencies and entities
 
are involved in the field and it is evident that
 
often their activities are unsufficiently coordinated.
 
This 	effort should focus on resource characterization, 
publicity and public information and application 
stimulation. 

2. 	As soon as a plan is prepared (no more than six months)
 
a public and professional meeting should be held to 
introduce the plan and announce the state of solar and 

wind development in Indonesia. This meeting could be 
held in conjunction with aD equipment and technology 
show. 

3. 	 Twenty small meteorological stations should be purchased 
and located in various places in Indonesia. At least 
12 should be located outside Java. The stations should 
measure and continuously record at least total global
 
solar radiation, temperature and wind velocity. The
 
stations could be operated and maintained by the
 
Meteorology and Geophysical Institute with assistance
 
from 	DJK and LAPAN.
 

4. 	 D3K should eptablish an information system on solar 
and wind research, study, demonstration and applications. 
There are many people and institutions involved in solar 
and wind research and the center would provide a very 
useful service to all those engaged in solar and wind 
research, potential manufacturers and users and to DJK 
itself in its planning and coordination role. 

5. 	 Complementary to current work on solar water heaters for
 
domestic use and rural applications of solar energy, the
 
Government of Indonesia should encourage solar and wind 
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research and technology demonstrations pertinent to
 

commercial, industrial and institutional use.
 
This activity should emphasize government use of
 

technologies such as solar hot water heating. This
 

program should also emphasize and support dt7onstratiuns
 

of solar crop drying and cooling or refrigeration of
 

vegetables. In this area, commercial size dryers and 
coolers shoull be constructed ad d ,nonstrated. Funds 
for testiD, of solar technolougijviseful in heating hot 
water for iood processing and beverage production should
 

also be included. If possible, the government should 
encourage industry to particip-te and share some of
 
the costs in this effort.
 

6. An eccnomic policy analysis is reqi'red to establish a 
set of oubsidies or incentives f~r the encouragement
 

of renewable energy sources. Solar, wind, microhydro, 
biomass, etc., should be considered and specific 
incentives and subsidy programs should be developed 
to encourage the introduction and use of these
 
technologies. The progr w devuoped under this activity
 

should be long-term and 4irccted at creating a healthy
 

Indonesian renewable resource ftOdustry. Installation,
 

maintenance, assembly and manufacturing of technologies
 

should be evphasized.
 

G. WIND POWER* 

The Resource Base
 

The data on wind velocity and direction in Indonesia are very poor. 

Despite the long records of wind velocity and direction at numerous stations 

throughout Indonesia these data areinappropriate for wind energy
 

estimation purposes. Wind data from the usual airport locations are not
 

useful to describe the wind regimes ioecause of their atypical locations. 

* Detais of this assessment are to be found in Appendix H, "An Assessment 

of Solar and Wind Energy in Indonesia", by James D. Westfield. 
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The other wind data available in Indonesia are high-level, above one mile, 

wetther trends. Therewind measurements for use in predicting long-term 

of surface winds at any locationis almost no reliable continuous record 

BPPT and LPANA havQ begun to accurately measure windIn the country. 

to prepare a wind velocityat several sites, but there is not enough data 

resources 
map similar to the solAr radiation map. It is likely that wind 

not enough information to estimate can be developed, but there is 

surface winds and thus the economics of wind
the quantity or quality of 

power.
 

Current Use 

There are no major uses of wind energy in Indonesia currently but 

scale applications and projects. Therethnire are a number of small are 

several wind powered water pumps throuphout Java, but there seems to be 

of the earlier 
no plans to expand this use at present. Also, because some 

sttempts to use wind were not successful, there is presently 
a negative
 

feeling about the potential for wind powered pumping. Wind powered 

electrification is also being considered, but only two prototype 

tested. The machines (combinations of Savoniousmachines have been built and 

and Darius rotors) have had problems and are undergoing rVdesign by LAPAN 

and ITB. 

Potential Future Use 

In spite of some local optimism, wind electrification Will not take 

bold in Indonesia until a medium-scale, cost effective technology (1-50 

kilowatt sizes) is available and/or manufactured in the country. Assumino
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100 watts average as a minimum capacity for a rural household, a 50 kilowatt 

system would only serve a village of 500 households at a maximum. If wind 

electrification is to be used for commercial or small industrial applications 

this size range is also appropriate. The availability of a cost competitive 

1-50 kilowatt wind machine should occur In Indonesia between 1985 and 1990; 

and, thus, the adoption rate or level of wind use for electrification will 

be F uall until after 1990. 

If wind power is to contribute significantly to electricity production, 

even off-Java where the wind regime is expected to be favorable, machines 

of much larger size that 50 kw will be required*. There aremachines 

in testing in the U.S. with 2 - 2.5 Mw capacity (MOD-i and HOD-2) but these 

are not expected to be commercially available until after 1990. By 2000 if 

50 large machines (of 2.5 Mw capacity) were installed this would produce 

about 185 Gwh of electricity per year, or only 0.1 percent of anticipated 

demand. 

The use of wind to produce mechanical power has a large number of 

possible applications, especially off-Java. In the islands where small

scale agriculture is being emphasized, where diesel fuel supply is difficult 

and average wind velocities are at least 3.5 m/s, wind pumping should be 

considered. This type of application can affect a large number of people 

and be of great benefit in terms of agricultural production but in terms 

* 	 As shown in the appendix, the supply of only 0.1%of off-Java electricity 

by 1990 would require 30,000 to 150,000 machines of 50 kw size. 
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of the overall amount of oil saved by the year 2000, the impact will be 

small. Furthermore, the use of wind power for pumping will be minimal 

until an Indonesian wind pumping system is available. It is hoped that 

this wlJ:l happen before 1990. By the year 2000 a large number of wind 

pumping installations could be in place on the islands. 

Barriers and Recommendations 

Barriers to the future use of wind power and recommendations regarding
 

future work were included in the discussion of solar energy above.
 

H. RELATIVE ECONOMICS
 

The cost of energy from any of the options discussed in this section 

depends on a large number of local factors including the cost of labor, the 

intensity of the source, the cost of transpozting fuels or energy produced, 

the time characteristics of use and the cost of capital. A rough comparison 

of costs can be obtained, however, from international experience. Such a 

comparison is shown in Table V-2. 

127
 



TABLE V - 2 

RELATIVE COST OF ENERGY FROM VARIOUS SOURCES
 

Fuels Relative Cost, $/bbl 

Crude Oil a 34 

Gasolineb 45 

Keroseneb 47 

Ethanol from Sugarcane 30 - 50 

Methanol from Natural Gasc 25 - 45 

Gasoline, Diesel Fuel from Coal 40 - 60 

Solar Heat 40 - 90 

Geothermal Heat 9 - ii 

jlc 1 icit Power Cost US¢/Kv1, 

Large Hydropower 2 - 3 

Small Scale Hydropower 2.5 - 4 

Geothermal, dry steam 2 - 3 

Diesel, small scale 10 - 13 

Coal Fired Steam, large 5 - 6 

Oil Fired Steam, large 7 - 8 

Wood, small scale 9 - 10
 

Sources: World Bank (1)
 

Notes: a) Reference world market pricn
 
b) Based on $34/bbl crude
 
c) Based on gas price of US$0.40 - 1.50 per Mcf.
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CHAPTER V
 

Notes and References 

The World Bank, "Energy in the Developing Countries" Washington, D.C. 
August, 1980. 
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VI A DIVERSIFICATION STRATEGY
 

A. FUTURE OIL PRODUCTION AND CONSUMPTION 

Petroleum products, accounting for well over half of the total
 

value of exports, are currently the single largest source of foreign
 

exchange for ICndonesia. The contribution of petroleum exports to indonesia's 

economic growth is no less significant; revenues from oil exports equalled 

20 percent of GDP in 1978 and are larger today. 

There is currently a wide variety of views regarding future oil
 

production in Indonesia. While Repelita III has set a target of 4 percent
 

growth per year, and that growth rate has been used by others , other
 

analysts have predicted constant output while several others have
 

anticipated growth from the current level of around 580 million barrels
 

per year to about 725 million barrels per year by 1990 and that
 

(2)
level being sustained through 2000( . We are in no position to add
 

a new set of numbers to this set and thus have chosen a range between
 

constant production and a growth rate of 4 percent per year. In doing
 

so we would attribute a somewhat higher probability to the lower end of
 

that range.
 

Figure VI-1 indicates the relationship between oil production
 

and demand under the various cases defined above. If petroleum 

production increases rapidly (at the 4 percent rate) then significant 

levels of exports will be able to be maintained through the year 2000 

even under high demand assumptions. On the other hand, if production 

remains constant, and demand grows at a high rate, demand will outpace 
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production in the late 1990's. Even in the low demand case, the
 

potential for petroleum exports dwindles rapidly towards the year 2000.
 

Figure IV-2 presents estimated revenues from the export of crude oil
 

for 1990 and 2000 under the two production assumptions. In each case,
 

a 2 percent per year increase in the real price of oil is assumed, starting
 

from a base price of $36/bbl in 1981. The left hand side of each set of
 

bars reflects the level oil production assumption and the right bar of
 

each pair reflects the 4 percent yearly growth assumption for oil production.
 

Under the high GDP growth-level oil production assumption Indonesia
 

will be a net importer of oil in the year 2000 at which time a net oil import 

bill of $6 billion is projected. The low GDP growth-level oil production
 

yields revenues of $4.6 billion, which is less than the current $6.3 billion
 

achieved in 1978. Under the high GDP growth-high oil production assumptions,
 

the contribution of oil revenues to growth is projected to be approximately
 

equal to $30 billion or 10 percent of GDP. In the low GDP growth-high oil 

production case oil revenues are projected to maintain their contribution to
 

economic growth, amounting to $39 billion or 18 percent of GDP. 

B. OPTIONS FOR DIVERSIFICATION 

This section presents an analysis of the impact on total petroleum
 

demand in the year 2000 of implementing the technologies and resources
 

discussed in Chapter VI. It is important to summarize salient points
 

incorporated into the energy demand projections presented in Chapter IV:
 

with few exceptions, no technologies are incorporated into the energy
 

system that substitute current petroleum fuels by non-petroleum sources, and
 

no explicit assumptions are made on incorporating improved end-use devices
 

133
 



HIGH PROOUCTION GO%lLt (4%) LOW DEMAND 
39.3 

40 - LOW (CONSTANT) PRO TIO 

HIGH DEMAND 
29.5 

-0 30O LOW DEMAND244 HIGH DEMAND '2. 

22.O 

20 

12.3 

9-9 

1978 1990 2000 
* 13.51661 843/661 * 521161 

FIGURE YI-2: REV'U! FRDORTS 07 CRUDE PETRtOLU 

131 



that bring about reduced petroleum demand (i.e., energy conversation).
 

The exceptions are .theutilization of 22-28 million tons of coal to
 

the public utility electric generation sector, of 240 Mw of geothermal,
 

and of up to 9100 Mw of nuclear, as specified in PLN's Diversification Plan,
 

which effectively keep petroleum used for electric generation from
 

increasing beyond 1990. Outside the electric sector, the demand projections
 

include few departures from historical trends; one of these is the growing
 

share of natural gas used in manufacturing, due to new .facilities scheduled
 

to use natural gas and not from a deliberate substitution of petroleum
 

products.
 

Technologies and resources introduced below are all assumed to
 

substitute for petroleum products, in order to maximize the difference
 

between domestic crude production and domestic demand, or minimize 

(3)
petroleum imports. A summary is shown in Table VI-1 

Coal to Industry:
 

The utilization of 10.5 million tons of coal in industry by 

the year 2000 could replace about 39.9 million boe of petroleum products 

(assuming a heat content of 0.713 tons of coal equivalent per ton of coal 

typical of South Sumatran deposits). This represents 25 percent of 

the projected demand for petroleum products of 159 million boe. This 

substitution can be achieved by replacing projected demands of fuel
 

oil and industrial diesel oil in the following segments: cement
 

(12.5 million boe), other non-metallic mineral products (construction
 

materials, lime etc. at 18.2 million boe), and iron and steel products
 

fabrication (9.2 million boe).
 

Coal and Peat Briquettes to Households:
 

The use of coal and peat Tesources is a way of reducing growth in
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TABLE VI-1: DIVERSI!FICATION OPTIONS 

Option Utilization 
Rate 

Petroleum 
Savings 

(Million boe) 

Coal to Industry 10 million tons 39.9 

Coal and Peat to Households 400,000 tons 2.0 
(briguettes) 

Charcoal from Firewood to 20 million tons 10.0 
Households 

Charcoal from Agricultural 10 million tons 5.0 
Wastes to Households 

Forestry Industry Wood Wastes 2.5 

Liquids from Biomass 25.0 kboe methanol 25.0 

Geothermal Heat to Industry 1000 Mw 4.9 

Geothermal Electricity 3445 Mw 48.0 

Wood Thermal Electric 1000 Mw 10.9 

Peat Central Station Elec. 6 million tons 15.2 

Small Scale Hydro 450 Mw 2.1 

Solar Thermal 30% Commercial Use 5.6 

Solar Electric 150 Cwh 0.3 

Wind 185 Gwh 0.3 

171.7 
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In order to decrease growth in
kerosene consumption for cooking. 


percent of total kerosene
kerosene by 2.0 million boe (or less than 3 

demand for cooking of 71.4 million boe), about 400,000 tons of coal 

and peat would have to be produced. 

Charcoal to Households: 

The potential for charcoal manufacture from firewood is vast, 

with a total energy content of the same magnitude as total current 

consumption of fossil fuels. A significant resource is also present
 

in charcoal manufacture from agricultural wastes. A utilization rate
 

of 20 million tons of charcoal from firewood and 5 million tons of
 

agricultural wastes is assumed for the year 2000, replacing 15 million
 

boe of kerosene, or 20 percent of its projected demand for cooking that
 

Expressed in different terms, it signifies that approximately
year. 


one out of three additional households projected to switch to kerosene
 

would instead switch to charcoal.
 

Forestry Byproducts:
 

Rationalization of fuels used in the forestry industry, replacing
 

petroleum products used for raising steam and heat with wastes from
 

sawmill operations. Forestry consumes about 50 percent of the
 

agriculture sector's fuel demand; about one half of this amount, or
 

2.5 million boe, are estimated to be replaced.
 

Liquids from Biomass:
 

Transportation fuels obtained from cassava, sweet potatoes or
 

25 million boe
wood-based methanol are introduced at the rate of 


by the year 2000, or one eighth of total transportation needs that year.
 

Geothermal Heat:
 

Heat from geothermal sources amounting to 1000 Mw are assumed to
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This would replace 11.0 million boe ofbe installed by the year 2000. 


petroleum based electricity (applied to the high GDP growth, limited
 

nuclear case). 

Geothermal Electricity: 

There are plans to develop by the Ministry of Mines and Energy a total 

of 3445 Mw of geothermal electricity. This electricity, sold to PLN, would 

displace 48 million boe of petroleum or other resources to electric generation

movt likely nuclear or coal. 

Wood-!Lred Thermal Electric Plants: 

A total of 1000 Mw electric plants fired with forest resources are 

ie tinits rangingassumed to be in place by the year 2000. These are 

from 0.5 Mw to 10Mw, and could replace an estimated 10.9 million hoe of
 

to bepetroleum fuels, or about one third of the petroleum fuels projected 


utilized for electric generation outside Java.
 

Pe t Central Station Electric:
 

An estimated 6 million tons of peat could be utilized for electric 

generation, substituting 15.2 million hoe of petroleum products (the 

limited nuclear case). Thissubstitution is applied to the high GDP growth, 

one of peat content of coal.estimate -s-wmes that ton Ias one half the heat 

Small Scale Eydro: 

'or purposes of this analysis a total of 450 Mw of small-scale 

hydro are added to the system, replacing an estimated 2.? millicn boe of
 

diesel to electric generation.
 

Solar Thermal Systems: 

A vigorous program to implement solar thermal systems primarily in 

as replacing somecomnercial buildings and industry was estimated above 

5.6 million hoe of fuel oil. 
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Solar Electric Systems:
 

The most prominent option to convert sunlight to electricity, other
 

than through blaoass production, is by photovoltaics. We assume that, 

by 2000, this or other solar system such as pover towers or OlEC could 

contribute 0.1 percent of electricity production In 2000. This amoumts 

to about 150 Gwh or an oil svings of 0.3 million boo. 

Wind: 

The installation of 50 vind machines generating 185 Gh would 

replace 0.3 million boe of diesel for electric generation. 

C. ThPACTS OF DIVERSIFICATION 

The total avings in petroleum products enumerated above amount to 

171.7 million boe. These reductions in demand have been applied to 

the year 2000 high growth, 1lmited nuclear case. The results are 

presented in Figures VI-3 and VI-4 (expressed in barrels of crude 

oil). The first diagram shows resources employed to meet domestic 

energy demands for 1978, low and high GODP growth cases for 1990, and 

low and high GDP growth cases for the year 2000, (derived from Figures 

IV-1 r'- 1V-5), and finally, the diversification case prepared in 

this section. The second Ahovs for all the cases the total demand for 

crude oil brokeu down by sector of economic activity; households, coverce, 

trrnsporcation, electric generation and last.y, refining and other uses.
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FIGURE VI - 4 

PROJECTED ENERGY DEMANDS BY ENERGY SOURCE 
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CHAPTER VI
 

Notes and References
 

(1) 	 See, for example LPEM, Faknetas Ekononi, Universitas Indonesia, 
Perspektip Jangka Panjang Perekonoiia Indonesia Tahun 2000: 
Berberapa Alternatip Skenario Perekonomian Indonesia, Laporan 
untuk LEKNAS-LIPI (Jakarta: LPE-FEUI). 

(2) 	 See, for example L.M.L. Tobing, "Energy Policy" paper
 
presented at the 7th General Assembly, World Federation of
 
Engineering Organizations, Jakarta, Nov., 1979. Also,
 
Petro Canada and Petroleou de Venezuela, 11 6rld Oil Supply
 
Prospects" February, 1980. A recent atfLy for BATAN/PLN by
 
NIRA, "A Long Term Economic DevelopmeAt and Energy Policy 
in Indonesia," in 3 vols., a report of %he PLTN-ITALINDO
 
project, projected a peaking production but also moving towards
 
700 million barrels per year by 2000.
 

(3) 	 These estimates of implementation rates are based on material
 
provided in the appendices and summarized in Chapter V.
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VII CONCLUSIONS AND RECONDATIONS 

A. CONCLUSIONS 

This project was not structured or intended to arrive at conclusions 

regarding Indonesian energy policy or strategies. The emphasis was upon 

adding to the analytical capability of the DJK through the acquisition of 

basic data (from the household survey), the constru( tion of a consistent 

set of demand projections and through strengtheniag of professional capability 

within the Directorate. Nonetheless, several conclusions have emerged quite
 

naturally from the analysis and can be noted here. 

First, it has become cleat that a drastic erosion of oil exports
 

due to increased domestic demand in the next 10-15 years is by no means
 

inevitable. Nonetheless, severely reduced levels of oil export earnings
 

are a distinct possibility unless con' erted action is taken to substitute
 

alternative fuels and technologies for internal consumption of oil.
 

Both future production and future demand for oil are highly uncertain,
 

but conservative assumptions should be made in developing policies regarding 

alternative energy systems. For example it should not be assumed that oil 

production will increase much above current levels until such increases are 

secure. This approach to policy underlines the importance of the alternative 

energy measures discussed in this report. Indeed, if oil production remains 

constant, in only one of the demand cases considered (see Figure IV-4)
 

will internal oil consumption be below production in 2000. There then arises 

the question of whether non-oil exports can increase rapidly enough to make 

the high GDP growth cases consistent with the low oil production case. 

This study has indicated that if vigorous programs are carried out 
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to develop and implement alternative energy sources domestic oil requirements 

could be reduced by some 170 million barrels in the year 2000. This 

corresponds to over 20 percent of demand projected for that time. Whether 

this scenario is too modest from the point of view of a desire to maintain 

petroleum exports, or too demanding from the point of view of the capital 

and organizational effort required is a key policy issue raised by this 

study.
 

A large number of energy options can play a role in diversifying 

Indonesias energy system. Coal appears to be a particularly importent 

element of a diversification strategy, accounting for more than one fourth 

of the oil displaced in the diversification strategy. At least ten other 

resource/technologic combinations appear to hold significant potential 

for the future. Each of these and perhaps others require further analysis 

to determine their potential role and benefits to the nation. Some of 

the options examined here such as solar and wind electricity production 

make rather modest contributions, even by the year 2000. The energy 

supply-demand problems of Indonesia will not disappear by that time, 

however and, given the very long lead times for the development and 

exploitation of energy systems, one cannot afford to ignore the period 

beyond 2000 in energy planning.
 

There would appear to be a significant potential for the greater 

use of natural gas and LPG in Indonesia's energy system. Although this 

subject fell outside the scope of the current project, there's the possibility 

for significantly higher production of LPG for ue as a domestic fuel. 

Another strategy which should play a large role in future Indonesian energy
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policy and which was not Included In this study is Increased energy 

-efficiency, or energy conservation. Experience from other countries 

would Indicate that 20 - 25 percent savings in oil consumption are 

possible while maintaining economic growth and the services supplied 

by energy. This means that the oil consumption characteristics of our
 

low GDP case (around 500 mboe) could be achieved by a combination of
 

conservation and alternative energy strategies, even at high GDP growth
 

rates.
 

Transportation and Households
 

This and other recent studies of energy In Indonesia have shown that
 

there are a large number of opticus for future expansion of electricity
 

supply that do not depend on oil. These include coal, nuclear power,
 

geothermal energy, wood and both large and small scale hydropower iL the
 

near and Intermediate term. Even if one or more of these options are
 

ruled out, for one reason or another, (with the possible exception of coal)
 

it will be possible to reduce oil use for electricity generation to very
 

low levels in the future (perhaps only for peaking service). In the longer
 

run other options such as solar thermal and photovoltaic electricity 

.eneration, ocean thermal energy systems, wind power and fusion can be 

added to the list of electricity supply possibilities. In industry it will 

also be possible to substitute natural gas, biomass (particularly wood) and 

solar energy for oil. 

M(uch more difficult, towevr ts the substituion for oil In the household 

-and transportation sectors. This emphasizes th Importance of thbse options 

A wt-*,o d -supply Alternative fuels To. o.te -sesa; 4or households charcoal .0
 

~~~~~ .4 * . 

-,- " , - - . - .I " 
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Trom this perspective alternatiyes for producing liquid fuels on a sustainable 

-basis, may from wood or specially grown crops, to supply both households 

and the transportation sector are of great potential Importance. 

.ny Prices and Strategies 

There Is a complex set of relationships between energy pricing 

policy and the Implementation of the energy diversification strategies
 

discussed n this report. The technologies discussed are economical
 

compared to world oil prices but many are not competitive with petroleum 

based fuels (and electricity based on those fuels) as currently subsidized 

In Indonesia. We have already referred to the very large costs of those 

subsidies to the national economy. As has been seen. furthermore, a 

reduction in the petroleum-intensity of Indonesian economic growth can 

only be brought about through the simultaneous Implement&tion of a large 

variety of alternative sources of energy and measures for increasing energy 

efficiency. It is difficult to conceive of a manageable system of incentives 

and subsidies which could bring about the 4rplementation of these measures
 

at desirable rates in the context of current price subsidies. At the same
 

time reducing the subsidy on, for example, kerosene can be made more acceptable
 

socially and politically if at the same time acceptable alternatives, such 

charcoal or LPG, are provided. This reasoning would argue for the 

s1imultaneous consideration of pricing policy and alternativa technology 
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sector and wod in the rural sector. But such a system has very different 

Iplications fr planning and support -to Amplementation then'traditional 

oil-based system. An entirely new level - at least an order of magnitude 

-reater of planning and management Is required if t*hi kind of diversi

'fication Is to come about.. This is particularly true because of the 

decentralized nature of many- of the.-Important options.--Consider the. 

between'contracting for one 1000 Mw oil fired, power plant and 

installIng 500 units of wind, solar, wood, auali cale bydra and other 

technologies. "This planning and management challenge must be faced 

frankly and vigorously If a national energy diversification strategy is 

to materialize. 7 

* .difference 

' . '"ECOENDATIONS 

Several specific recomnendations were made in Chapter V regarding the 

steps required .to implement various alternative energy strategies. Bere 

-we direct our attention to the development of a national energy planning 

capability and outline several steps that should be taken in policy analysis 

A.mnd assessment, building on this Energy Planning for Development Project., 
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1. 	 Create an increased energy efficiency scenario with
 
mphasia on potential oil savings in tha household. 
Industrial-and transportatiou sectors;. .MWscenariO' 
will 	Include those measures which are technically and 
economically feasible.
 

2. 	 Specify the barriers to the Implementation of the
 
measures identified in 1. These will Include existing
 
pricing policies, information gaps, institutional
 
problems, lack of incentives, etc.
 

3. 	 Identify a set of programs and policies which can
 
accomplish the energy conservation goals set in 1.
 

4. 	 Calculate the investment schedule necessary to
 
accomplish the programs defined in 3 and identify
 
possible financing sources and modes.
 

The most immediate targets for this study would be the household sector,
 

in which more efficient kerosene, wood and charcoal using appliances
 

should be investigated, and the industrial sector where substantial short
 

term savings are probably available.
 

Energy-Economic Methodology Development
 

This project has assembled a substantial set of integrated energy demand
 

information. These data will allow first order analyses of the technical
 

feasibility of major national energy strategies. The next step is to develop
 

a more formal analytical framework or model to examine energy strategies
 

1- the context of national economic development.
 

The developAit of an energy-economic model is of interest to BAPPANAS 

and to the Techno-Economic Group at Lemigas as well as the DJK. Thus
 

a collaborative development program may be in order.
 

The logical way to proceed on this task would be to adapt energy

economic models already developed, for example those of the Brookhaven
 

National Laboratory. These models have a substantial pedigree, are
 

available at no cost, and use the same analytical approach in the energy
 

sector as that used in this project.
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establish the econamics of the various options and the investments 

required to Implement them. The first phase dealt primarily with technica>, 

feasibility. 'The second phase should deal with economic and financial 

.fasibility. 'Theoptions that should be dealt with are: 

S ' * Solar and.. 	 1nd power development
 
2. ioass development.for energy

'3. Sall scale hydropower
 
4. Geothermal energy

'5. Coal 'development

6. 	 Increased energy efficiency in industry. 

*... ' These options should be assembled into a composite oil replacement 

strategy and the following issues addressed: 

1, 	 Contribution to energy supply in the years 1990
 
and 2000.
 

2. 	 Capital investment required in order to implement
 
the combined strategy.
 

3. 	 Major social and economic impacts that will
 
residt from such a strategy including effects
 
on energy prices to various income groupa.
 

4. 	 Barriers of various kinds to be overcome If
 
the strategy Is to be implemented.
 

5. "ossible financing methods taking into account 
energy pricing required to generate the revenue 
to support the investment Identified In 2 Above. 

'Mr
vironmental Assessment 

..... 	h.eactivities, of this project have given only very minor attention 

toi'the rwironmental-Aplications of tIhe options addressed. "These 
1 , .,*4..canlelmpo rtant 

, -,	 *ons Environmena 	 ampac.re.resent 

41iu~tantJAU alio6idc, 16Os to and,bsswdA th'x'ide.f"evelopa 

__ real ,cq 	 4eaujoipeient-o 
r$wnai.Cne 	 it " .4,; to r 

_0~ 



1 

5 ~I 

'#9.fml l -' : * " ::": '" ; ",, 	 : . ...
.a. 	 Associated environmental problems. The analysis would consider the 

5':: 

. 

M-'-

-1,11urmgic sues: 

'-Eviroixiefital residuale (emissions of4air nd water 
> .olumntsnat eachstage of the ca e mi

,transport, c"bustio. 

2., 	 Socdr.1 cost associated with each major poliutant.
 
Prima recposefcs
 

A. 	 'Analytical framework required to incorporate
 
environmental effectro into energy, polcy: ana"ysisi
 

Regulatory frmwoik requiredS. 	 3... to manage environmental:- ii -16--. Cpp 	 ourl iis.osit. oinasterie 	 tcnl . effects of energy processes, : " 

. ,,. This task ouldbe considereda fis stp.In linking the 

'development of. enArgy policy and environmentalpiey. At *Lould involve


the appropriate Ministries or agencies oif the Indonesian Goverument.
 

Unirersity !Invol~ement
 

The, survey of ruial household etnergy use demonstrated the very great
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INTRODUCTION 

Energy today is almost always consumed indirectly. Consumer and 

industry 	demand is not so much for energy itself as it is for the goods and 

in which energy is incorporated: steel, transportation,services 

space and process heat, cooking, lighting, and refrigeration. To 

in at least aunderstand how energy is "really" used in a society, 


mechanical and technical sense, it is useful to examine, measure and
 

catalogue each one of energy's myriad uses in the production of other goods 

and services. 

This encyclopedic approach to energy consumption can also be used 

when projecting future energy demand, especially when the number of 

years is small, and it may be particularly useful for answering certain 

types of policy questions. Examples would include the effect of an 

energy price increase on the price of fertilizer and ultitely on
 

the price of bread, or the relative merits, when trying to reduce
 

gasoline 	consumption, of a tax on gasoline or on motor vehicles. 

For longer periods, however, it is difficult to make detailed
 

projections of all energy-using commodities and services and of their 

corresponding energy use. This is because both tastes and means of 

production change over time. To some extent changes within broad 

categories of goods may be more pronounced and difficult to predict 

than is demand for the broad category itself. Thus the demand for 

in a more gradual and predictabletransportation or food may change 

manner than does the demand for diesel automobiles or cassava chins.
 

When, in 	 addition, the average energy content of the broad class of 

commodities also changes in a gradual, moderately predictable feqhion, 

then it may be better to organize longer-run demand projections for
 

around broader and more stable as opposed to the more detailed
energy 

and perhaps volatile categories of goods and services. 

This paper reviews current thinking about a number of broad 

indicators of future demographic and economic change ( and indirectly 

of energy use) in Indonesia. The time horizon will extend, with 

modest confidence, to the year 2000 and with considerably more 

recklessness to the year 2050. Left to others will be the task of 

filling in or estimating any subsidiary details which may be of 
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interesk in particular situations and also of the specific energy use
 

implicatioba of the broad, macro projections. The first topics to be
 

considered below will be population growth and locational distribution. 

This will be followed by a discussion of growth rate possibilities for
 

gross domestic product (GDP), including some technical matters relating
 

The final section ofto how GDP is to be measured in the lorger run. 

the paper will deal with GDP projections by sector of origin. Two annexes,
 

taken from an earlier study by the author of Indonesia's longer-run
 

growth prospects, provide additiona± methodological details on GDP
 

measurement and on the projection of structural change among GDP
 

components.
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POPULATION GROWTH
 

The first point to dispose of concerns Indonesia's current
 

population. Official estimates are based upon the 1971 Population Census,
 

annual population registrations, and a 1976 intercensal population survey.
 

Estimates usually do not include rural population in Irian Jaya, and they
 

are always subject to various other degrees of underenumeration. In
 

addition, published estimates prior to 1979 did not tend to include the
 

population of East Timor, annexed by Indonesia in July 1976.
 

The U.S. Bureau of the Census has estimated that total undercounting
 

in 1971, over and above the omission of rural Irian Jaya population,
 

homeless persons on shipboard, etc., was about 5662 thousands, or 4.75%
 

of the enumerated population. (See Table I.) Such an adjustment is
 

speculative, however, and is not usually made in the estimates of others,
 

including those of Indonesia's Biro Pusat Statistik (BPS, or Central
 

Bure.u of Statistics). Several sets of estimates for the years 1971-1978
 

are shown in Table I.
 

The World Bank estimates shown in Table I appear to be consistent
 

with those of the Biro Pusai Statistik after allowing for East Timor
 

and the rural population of Irian Jaya. They are to be prefered when
 

population estimates prior to 1978 are desired.
 

For 1978 and for projections of future years, the estimates cited
 

in LPEH (1980), also shown in Table I, are probably the best available
 

at the present time. They are derived from the Series K, No. 2
 

projection of BPS and are in rough agreement with the current estimates
 

and projections of the World Bank. It should be noted in passing that
 

the current LPEM estimates represent a significant drop from the
 

semi-official, "low fertility" estimates made in 1976 by Aldon Speare
 

and shown in the last line of Table I. This latter estimate of 210
 

millions in the year 2000 rAy in turn be compared with the previoue
 

"best estimate" made by Sumitro (1975, p.214) of 250 millions by the end
 

of the year 2000.
 

The sharp downward adjustments in Indonesia's population forecasts
 

follow from the success of family planning on Java and Bali, documented
 

more fully in Sinquefield and Sungkono (1979). There is at least a chance,
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TABLE I 

ALTERNATIVE RECENT ESTIMATES AND 
PROJECTIONS OF INDONESIA'S POPULATIONS, 

1971-2000 
(in millions of persons, mid-year) 

1971 1973 1975 1977 1978 1985 2000 

BPS (1979)a 

LPEM (1980) 

119.1 - - 132.5 135.3" 

136.3 

155.5 

156.5 

205.0 

205.5 

U.S. Bureau of 

Census (1978,, 

excl. E. Timor 

- Enumerated 

- Adjusted 

119.2 b 

124.9 b 

U.S. Bureau of 

Census (1979), 

with E. Timor: 

- Excluded 124.7c 

- Included 125.4 131.0 136.6 142.2 145.1 

The World Bank 

(1979a), moderate 

mortality decline 

(1980a)d 

(1980b) 

Speare (1976), 
e 

119.7 124.1 128.7 

132.6f 

133.5 

136.0 

155.5f 205.0 f 

204.0 

excluding 

E. Timor 118.7 f 125.2 f 131.9 137.9 f 140.9 f 163.6 210.0 

Notes to the table are given on the next page.
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TABLE 1, FOOTNOTES
 

aOriginal source of the 1977-2000 projections shown was BPS (1978).
 

Projections exclude the rural population of Irian Jaya, estimated at
 

772,654 in September 1971. 1977-2000 numbers shown have been
 

interpolated from published end-of-year estimates. 

bAs of the date of the 1971 Census of Population: Sept. 24, 1971.
 

CThe east Timor population was estimated at 609,000 as of December 1970 

(U.S. Bureau of the Census, 1979, Table A-2). 

dBased upon data available through August 1979.
 

eEstimates for y'ear 2000 later published in Speare (1979). The
 

variant shown assumes low fertility, low transmigration, and high urbanization. 

fInterpolated (assumiug constant annual growth rate between adjoining 

years) from data shown in the original source. 



however, that family limitations may not have the fmmediate appeal on 

some of the less-crowded outer islands as they have had on Java and Bali. 

There is still some doubt about the year 2000 forecast of 205.5 millions 

(or the slightly more optimistic World Bank projection of 204 millions), but 

the number does come close to being a consensus figure at the present time. 

What about population growth in the years following 2000? The World
 

Bank (1980b) has projected a "hypothetical size of stationary population" 

for Indonesia equal to 350 millions, reached in 2155 and based upon reaching 

a net reproduction rate NNR of 1.0 in the year 2020. Earlier, the Population 

Council (1974) bad published a series of projections to the year 2150. Two 

of these, projections number 3 based upon reaching NNR-1 during 2000-2005 

and number 4 based upon NNR-1 during 2020-2025, are shown in figure 1. The 

World Bank has not published intermediate data for their hypothetical 

forecast between 2000 and 2155, and it appears that the World Bank's 

projection may not be entirely consistent with that of the Population 

Council. (Otherwise, the World Bank's stationary population of 350 

millions should lie closer, both in magnitude and in year reached, to 

the 433 million maximum of the Counc.l's projection 4.) 

Nevertheless, it would also appear, as shown in Fig. 1, that if the 

Population Council's projection 3 were permitted to have a somewhat more 

gradual transition to a stationary population, then the projection 3 

estimates through 2050 could easily be consistent with reaching a 

stationary population of about 350 millions over the following 100 years. 

Unless access to the World Bank's detailed projections can be arranged, 

it would seem reasonable to use the Population Council's projection 3 

estimates for the period 2010-2050 if such longer run rate should be 

required for the energy demand analysis. (See Table 2.) It should also
 

be noted, however, that the uncertainty attached to projections beyond
 

2000 is at least several times greater than for the rest of the current 

century. (Thus for the three more central projections made by the 

Population Council in 1974, the mean 1990 projection was about 173 millions,
 

with a range of about 30 millions. For 2050 the mean of the same three
 

projections was 307 millions, and the range between the high and low
 

estimate was 177 millions.)
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TABLE 2
 

LONGER-RUN PROJECTIONS OF INDONESIA'S POPULATION,
 

1970 - 2155
 

(Interpolated values derived from the sources 

shown have been placed in parenthesesa ) 

Population Council (1974) 


Year 


-

1970 


1975 


1980 


1985 


2000 


2025 


2050 


2075 


2100 


2125 


2150 


2155 


World Bank 

(1980b),p. 

142 (NN$-1 

in 2020) 


(3) 

142 


(156.5) 


(205.5) 


(263.4)
 

(300)
 

(323)
 

(339)
 

(347)
 

(350)
 

350 

"Actual" LPEM
 
(World Bank, (1980)
 

Projections 
1980a) 

(4) (5) 

117.6 

128.7 

(141.7) 

156.5 

205.5
 

Projection 

3 (NRR-1 in 

2000-2005) 


(1) 

118.7 


132.2 


146.4 


161.8 


206.6 


(263.4) 


298.0 


307.0 


308.5 


308.5 


308.1 


Projection 

4 (NRR-1 in 

2020-2025) 


(2) 

118.7 


132.8 


148.3 


166.1 


227.7 


(327.7) 


400.5 


429.5 


433.4 


433.5 


433.1 


-


a	For the data upon which the interpolations of Col. (3)are based,
 

see Figure 1, dashed line.
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Finally, what can be said about the locational distribution of 

Indonesia's future population? The Series K, No. 2 projections of BPS, 

already referred to, include detail by province but only on the assumption 

of no migration among provinces. (BPS, 1978a.) The Speare projections 

(1976, 1978) included a "low" and "high" migration alternative. Speare's
 

"low" transmigration assumption would appear to reduce Java's year 2000 

population by about 2 millions below the result when no out-migration is 

assumed. A "high" rate of transmigration, as defined for the 1976 study, 

would reduce Java's year 2000 population by a further 8 millions. (See 

Speare, 1978, for further discussion.) If geographic details should be 

needed for the energy demand projections, the existing BPS Series K 

estimates may be used and may be modified by whatever rough estimates 

about transmigration are desired. 

A possibly more serious gap in the data, for energy demand
 

projections, concerns projections for urban population. About the only 

semi-official estimates available are those from Speare (1976), and they
 

cover only a "low" and a questionable "high" alternative. Even under
 

the high urbanization projections, furthermore, Java and Bali would
 

experience a pronounced increase in the absolute numbers of rural 

farm and estate landinhabitants. In terms of the number of hectares of 

per rural person, the average at the end of 1970 was probably about
 

.102 hectares or only 1030 square meters. (The 1973 farmed area,
 

according to BPS, 1978b, p.335, was about 6.45 million hectares.
 

Java's population in this and the following comparisons is from Speare,
 

1978, Table 1.) Assuming both a high urbanization and a high trans

migration rate, farm land per person might drop to 900 square meters by
 

2000 while, if transmigration continued at closer to low historical 

rates, the average area might drop to only 800 square meters per rural
 

inhabitant.
 

In a situation where rural population densities are already
 

among the highest in the world and where future GDP could easily
 

grow at several times the rate in urban as in rural areas, the question 

must be raised about the political acceptability of significant further
 

population growth in rural areas and the concomitant worsening of the
 

urban-rural income gap which would accompany such growth. Very rapid
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urbanization could also cause political problems, of course, but it can
 

be argued that the Speare projections may tend to underestimate the growth
 

of future urbai. 'opulation, at least on Java.
 

Aside from the problem of deciding how rapid the rate of
 

urbanization is likely to be, it is quite easy mechanically to project
 
the future urban population share for any assumption about the overall
 
rate of population growth. The overall growth can be viewed as a 
weighted
 
average of urban and rural rates with the initial urban and rural population
 
shares serving as the weights. Expressing growth rates in the continuous,
 
logarithmic terms favored by economists rather than the more coummon,
 

year-to-year or discrete rates, we have:
 

nt nt 
nt w 

u 
ut w nr 

r () 

where: 

n - population growth rate, per year, continuous 

t - number of years elapsed 

w * initial population weight, the sum of whose 

components total 1.0. (thus wu + wr - 1)
 

u,r - subscripts denoting, respectively, urban and rural; 

lack of subscript means total population 

e - base of Napierian or natural logarithms 

Remembering that wr - (1 - wu), the urban population ratio in year 

t, Rt, can be solved as follows:
 

wu (2)1 -W 

edt )+wu 
e
 

where : d - n - n
 
u r 

The symbol, d, representing the difference between urban and rural
 

rates of growth, is a commonly used measure of urbanization "tempo" and
 

is in fact assumed to be a constant in urban population projections made
 

by the United Nations Population Division. (See, for example, Renaud,
 

1979, p.22 .) Renaud (1979) has published 1950-1970 values of d as 
estimated
 

by the U.N. for 124 countries. Among those larger countries whose 1950
 



population was 15 millions or greater, the median d over this period 
was .0289 (2.89%) while the range of values went from -.0041
 

(for the U.K.) to .0571 for South Korea. 

Comparing the projections of Speare. with hypothetical estimates
 

based upon various values of constant d, as shown in Table 3, reveals
 

that the Speare low projection is basically that of continuing the
 

recent 	historical (1971-1976) trend. This trend, in turn, falls near
 

the lower end oi values encountered among all countries. The Speare
 

"high" 	projection is closely ccnsistent with an average d value of
 
.03, about the mid-point of the larger-country sample. Although perhaps
 

high by 	Indonesia's historical record (the 1950-1970 d value has been
 

estimated as .0232, as shown in Renaud, 1979, p.23), a volue of .03 is
 
not high by inter-country standards. Given the political and social
 

equity 	questions raised above, if urbanization should be judged an
 

important variable for energy demand projections it would be wise to 
investigate a range of urbanization possibilities, with a high probability
 

attached to d values as large as .05.
 

Another reason for closely considering the possibility of future rapid
 

urbanization in Indonesia is that, by international standards, Indonesia's
 

current level of urbanization is low. Urbanization is closely related
 
to per capita income, as shown by the following cross-country regression
 

equation based upon 1975 and 1977 data for 36, non-centrally-planned
 

countries representing all income levels. (see Chenery and Syrquin,
 

1976, p.49, for a similar equation derived from 317 observations and
 
covering the period 1950 - 1970. The Chenery-Syrquin equation includes
 

a number of additional variables, none of which is statistically significant.)
 

In U - - 1.8413 + 1.2710 In GDPN ($'77) 

(1.26) 	 (3.01) 

- .06527 (InGDPN, $'77)2 (3) 

(2.20)
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TABLE 3
 

ALTERNATIVE ESTIMATES OF URBANIZATION,
 

1976 - 2050
 

Level or Urbanization, in Percent
 
1976 1980 1985 2000 2025 2050
 

BPS (1979) 18.6
 

World Bank (1980b) - 20. 
a 

Speare (1976) 

Low 19.5 20.6 24.0 

High 22.0 24.8 34.1
 

Hypothetical projectionst ssuming 18.6% urban in
 

1976 and "urbanization rae"b of :
 

Low (d-0.5%) 18.9 19.3 20.5 22.6 24.9
 

Avq., 171-176
 

19.4 20.5 24.1 30.8 38.5
(d-1.36Z) 


20.0 21.8 27.9 40.2 53.8
Low-medium (d-2.2%) 


Hedium (d-2.9% 20.4 22.9 31.4 48.6 66.1
 

Hedium-high (d-3.5%) 20.8 23.8 34.6 55.9 75.3
 
c


71.6 c 89.6
21.8 26.2 42.6

High (d-4.9%) 


Based on cross-country regressions
 

for 197 5-19 77
d
 

Lower GDP growth 26.0 - 33.0 43.5 60.2 71.4
 

Higher GDP growth 26.0 - 34.2 49.5 68.0 75.5
 

Footnotes are given on the next page.
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TABLE 3. FOOWOES 

adoumes low fertility, low transaigration, and continuous "low" or
 
"high" urbanization race* after the 1970 base year. 

b.The uth-nixcion rat* equals the difference, d, betw'n te 

projected annaal growth races (meaxu.' - concinuoau: loagntIthc growth 
rates) for urban and rural areas. Thb JO and hirYO vxl.u o! d are 

recored
the averxtoe ior the four lowest and four highest 
among tht world's larger countries tz,,veen 1950 ar~ 1970. V n 
defined a hasing a 1950 population , 15 aillions r more. X:th Nart 
and South Koren were included in tt. samplc zpr.nce combined *).pAtion 
in 1950 cant to 30.1 mil. See R,,9Ad, -abl. ?.2, for the td data 

used). The aedium-lov and sdium-W14h vs7.-'ui, of d .:,iresent ths lawar 
and upper quartile points in the saae sa,-'le, while the ,:edian d value 
co esponds to the -,-zdian so~ple value. 

cIncluded fov illustrative purposi. " only. It is unlikely th.ac such 
a rapid rate of urbanization would continue for so many years. 

4 Estimatd using eqt,;'ttion (3) in text. The corre)nding projected 
values of GDP per -apica are equal to the 1970 US$ nomiznl values shon 
blov, table 5, multiplied by a 1977/1970 US dollar cocversion rate of 

2.752.
 



R2
wh e: - .726, the standard error of estimate - .290,
 

t- rAtios are shown in arentheses, and where
 

U - LcbnUizatiou ratio, in percent, in 1975
 

(from Vorld Bank, 1579b, Annex Table 20). 

GDM1($'77) - per capita GNP in nominal 1977 

$,S dollars (from World Bank, 1979b, Annex Table 1) 

In w natural logarithm 

Judging by this equation, Indonesia's 1976 urbanization level of about 

18.62 was lover than t'ae GDP-correcred cross-country average of 26.0 by a 

little more thsa one standard dsviation. (See Table 3). As shown in Table 3, 

It would take a 'high" ubanization rare %o bring Indonesia up to the 

intrrucsional "norm" by 2000 and a meditum high" rate to reach the average 

by 2050. (See thG Structural Change section of this paper, below, for further 

cross-country analysis). 

THE GRODWlB OF GROSS DOMESTIC PRODUCT~ 

After a period of slow growth in real GDP per capita during the L960'8 

(2,25% per year according to World BUnk, 1980a), Indonesia's per capita 

growth rate rose to 5.8% between 1970 and 1978. (World Bank, 1980s; 

LPEM, 1980). The growth rate in 1979 may ave dropped to a little under 

3% (arr, 1980), but for the decade it will probably average close to 5.!%. 

Host analysts foresee a cootinuation of the recent high growth rates 

for at least a decade or two while oil revenues o international capital 

flow remain stront. Professor Suaitro in his pioneering 1975 projections 

to the year 2000 foresaw a strong probability of overall GDP gsrowing at 

7.02 between 1980 and 2000 with a #lightly hio-ar rate prior to 1980. 

(Staitro, 1975, p.225). The implied per capita growth rate between 1973 

and 2000 of this medium projection was 4.472. A lover possibility averaged 

out to 3.931 annually over the same pe-t.od while the high variant of the 1975 

Sualiro projections cms to 5.012 per year. In the most recent version of 

the yeae 2000 projections, Moh. Arsjad Anvar and his colleagues in the Institute 

for Ecovramic and So-al Research (LPEH) at the University of Indonesia, 
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Are projecting a lower overall growth rate but almost the same renge of
 

per capita rates: 3.91% and 4.99% for the period 1973-2000. (LPEM, 1980).
 

The World Bank in early 1979 projected a 4.4% annual growth of per
 

capital GDP through 1990, bringing the 1973-1990 average rate to 4.54%
 

per year. (World Bank, 1979a, Appendix). This average was close to the
 

mid-point of the range investigated by LPEH.
 

All of the above growth rates, on the other hand, are rather high by 

internatio-hal standards. Between 1970 and 1977 only eight other large 

countries (above 10 million population) exceeded an average per capita 

GDP growth of 4.5% per year. There also appears to be some tendency for 

growth rstas to drop as per capita income increased beyond $1500 or so in
 

1975 US dollars. (Strout, 1980). It was partly for this reason that
 

Ridker and Wat-son (1980; unpublished worksheets) projected a gradual
 

decline in Indonesia's growth rate of GNP per capita from 5.99% in
 

1980-1985, to 5.11% during 1985 - 2000, and 3.66% annually in the 25 years
 

following 2000. Strout, in an earlier exercise, had guessed that per capita
 

growth of GDP might fall to an average of 2.7% annually for the iftcy
 

year per$.od, 2000-2050, irrespective of whether Indonesia prior to 2000
 

was able to maintain a high (6.02 per year) or a lover (3.9% per year)
 

average growth rate. (Strout, 1979a) chap. 3; reproduced as Annex A of
 

the current paper).
 

For the purposes of mediu-taem and longer-run projection of energy
 

demand, it would seem :,propriate to use the Arsjad/LPEK projected 

rates through 2000. A±ter that, if further GDP per capita estimates
 

should be needed, a gradually declining rate might be indicated. Thus,
 

for a base year of 1978 and for constant price projections tn values of
 

1978: 

Lower Alt. flpher Alt. 

1978-1985 3.9% 4.9% (LPE, 1980) 

1985-2000 3.6 5.1 i of 

2000-2025 3.1 3.5 (Anne:: A, T. 3.8) 

2025-2050 2.3 2.0 " It 

16
 



THE PROBLE! OF INTERTMtPORAL COHPARISONS OF GDP 

Any macro-economic projection exercise must have explicit rules 

for converting values expressed in one particular set of prices or 

currencies into those of another year or another type of exchange. At 

the level of aggregate GDP this can be handled, at least for relatively 

short run comparisons, through the medium of implicit GDP price delators 

and official exchange rates. For the current undertaking, it is likely 

that rupiah and U.S. dollar values in the prices of either 1973 or 1978 

will be needed at one time or another. The base year for the most 

recent BPS estimates of GDP and its components is 1973, while 1978 is 

the year chosen as base for the Arsjad/LPEM projections. In addition, 

conversions into prices of the years 1970 and 1964 may be needed for 

some purposes, as will be discussed below. 

The year 1970 provides a fairly good starting point since foreign 

exchange rates were probably close to an equilibrium value, and the 

distortions brought about by the large price increases in petroleum
 

had not yet been introduced into the Indonesian economy. (By 1973, 

another possible starting point~exchange rate adjutn1t had begun to 

lag behind the increase of domestic prices relative to International - U.S. 

dollar - prices). Using the rupiah/US$ exchange rata for 1970 of 365:1
 

(World Bank, 1980a) and the implicit GDP price deflators for various 

years as estimated by the Biro Pusat Statistik, the set of year-to-year 

conversion factors shown in Table 4 may be drived. (for the conversions 

to 1964 US$ prices it was assumed that the US dollar depreciated by a 

factor of .841 between 1964 and 1970, baied upon the implicit price 

deflator for United States exports.) 

Over a longer period of time a new problem arises which is 	 not 

assatisfactorily handled by assuming uncr:anging, base year prices 

commonly done when calculating GDP price deflators. The constant price 

technique is usefuf for removing inflationary trends in the short run, 

but in the longer run the very structure of prices can be exp~cted 

to change. This is to say that commodities and services which wern. 

relatively inexpensive at one stage of economic development may become 

considerably more expensive relative to other goods and services (or 

vice versa) at a later developmental stage. Thus correcting for .nflation
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TABLE 4
 

RUPIAH AID US DOLLARS,CURRENCY CONVERSION FACTORS, 


1964, 1970, 1973, and 1978
 

Multiply units at left by factor shown to 
find the 

the units listed at the top:
a 

value inequivalent 

19781970 Rp. 19731R. 	 1978 R. 
1964$ 1970$ 

1549.37 3.511
667.89
433.99
1964 US$ 1.00 1.189b 


365 ¢ 561.7 1303.1 2.953
 
.841 1.00
1970 US$ 


.008091
 
1970 Rp. .002304 1.00 
 1.539d 3.570


.002740 

2.320e .005257
1.00
.650
.001780
.031497
1973 Rp. 


.002266
1.00
.431 

1978 Rp. .000645 	 .000767 .280 


.3386 123.60 
 190.21 441.25f 	 1.00
 
.2848
1978 US$ 


above the diagcnal equals 	the
 aNote that each off-diagonal element 
the diagonal. Thus,

the symetrical off-diagonal element below 
reciprocal of 

1/.280 w 3.571.
for example, 1978 Rp/1970 	Rp 

bEquals value of US dollar in 1964 divided by value in 1970, as measurel 
See Council 

implicit national accounts price deflator for U.S. exports.
by the 

Table B-3, p.207 . 
of Economic Advisors (1980), 

The World Bank (1980a), p. 104.COfficial exchange rate (average for the year). 


The World Bank
dImplicit GDP price deflator for 1973 (1970 - 1.00). 

(1980a), pp. 104-105.
 

- 1.00). BPS (1979),
eImplicit GDP price deflator for 1978 (1973 

Table XI.ind XI.2.
 

fImplicit average exchange rate, from LPEN (1980), Table 1.
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is no longer the sole concern of pricing adjustments, and Imposing 
a rigid
 

set of "base year" prices cn a comparison may provide a distorted 
measure
 

of "true" growth when relative prices within the economy have been 
changing
 

as part of the growth process. (This is a variant, it may be noted, of the
 

familiar index number problem.)
 

The problem can partially be resolved by finding average prices for
 

a large number of countries at different stages of development and revaluing
 

a given country's GDP in terms of these average, "international" prices.
 

This will permit a greater degree of comparability among countries and
 

at least a no less valid comparison between years for the same country 
as
 

would the use of base year prices from a single country. The studies of
 

Irving Kravis and his associates in recent years (1975, 1978a, 1978b)
 

have been addressed to improving inter-cL'untry comparisons of GDP and
 

its components. A common set of international prices was found for the
 

year 1970, and the GDP's for a number of countries have in fact been
 

Comparing the reestimated
reestimated in terms of these common prices. 


GDPs with those originally calculated by means of the country's own prices
 

and official exchange rates permits measuremencs to be made of the implicit
 

average price "distortions" at various stages of economic development.
 

These points and the theoretical reasons for structural changes in
 

prices (plus the empirical evidence on the same phenomenon) are discussed
 

Based upon this analysis it is suggested
at some length in Annex A. 


that, for the purpose of comparing income levels of Indonesia with those
 

of other countries, per capita GDP be projected in both "real" (constant
 

The nominal results produce measures which
price) and nominal terms. 


change over time in a manner similar to the changes among countries at
 

As -an be
different development stages as observed about the year 1970. 


seer from the numerical example given in Tables 3.1 and 3.2 oi Annex A,
 

over a 40 year period constant price growth rates might range from
 

4.64% to 5,30% annually, depending upon which of several pr!'ing systems
 

was used (Laspeyres, Paasche, "ideal," chain-linked, etc.) The "nominal"
 

growth rate over this period, however, derived by a method analagous to
 

that lying behind the real-world determination L equilibrium exchange
 

rates, would be over 7.0 percent per year.
 

Nominal measures of GDP, it should be noted, are not only of general
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essential to use
 
interest when making inter-country comparisons, 

but are 


if some form of inter-country comparison is 
relied upon to fill in data 

This is because formal cross-country
for the country in question.gaps 

analysis almost inevitably relies upon GDP 
measures derived from conventional
 

are widely recognized
thus producing "nominal" values which

exchange rates, 

a common set of prices or purchasing-powerin ofas noncomparable terms 

equivalents. 
aresection, cross-country comparisons

As will be seen in the next 

often used when projecting changing economic 
structure such as the gradual
 

(in relative terms, at any rate) of 
rise of manufacturing at the expense 

For this reason nominal as well as constant-price 
measures 

agriculture. 


of Indonesia's future GDP will be needed and may 
be found through the 

following, five-step procedure:
 

1970 US dollar values using

1. Convert current year rupiah values to 


the GDP constant price implicit deflator (1970 
- 100) and an 

Divide by current year population to exchange rate of 365: 1. 


give GDP per capita in 1970 US dollar.
 

2. Convert this value to "international" (constant 
purchasing
 

power) values, still in 1970 prices, using 
the following
 

simplified relaticaship found for 1970 between 
nominal and
 

a extendedmeasures of GDP. (For more
internationally-priced 

diicussion of the equation, including comparisons 
with a
 

and his colleagues, see Annex A.)
similar approach used by Kravis 

.495 + 1.340 In GDPN($'70) -InGDPR($'70) 
(0.47) (4.03) 

2 ()

.047 (In GDPI,$'70)
-

(1.85)
 

2
 
R2 " .986, SEE - .1092, t-ratios are in
where: 


parent.heses, and where: 

real per :apita GDP in international dollars
GDPR($'70) 

nominal per capita GDP, in 1970 US dollars, 
converted 

GDPN($70') 

at official exchange rates
 

In - natural logarithm 
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3. Apply whatever assumptions are to be made about constant price
 

growth of per capita GDP to the calculated value of real or
 

internationally-priced GDP per capita (that is, to the value
 

of GDPR, $'70 found in Step 2). If the assumed growth rate,
 

for example, is r, then for a particular year t which is n years
 

away from the current year, then:
 

GDPR($'70)t - (1+r )n GDPR($t70)0 	 (5) 

where the subscripts t and o denote, respectively the
 

future year and the current (base) year.
 

4. Covert the value of GDPR($'70)t found in step 3 to nominal
 

1970 US dollars by solving equation (4) for GDPN($'70). Thus:
 

In GDPN($'70) - 1.3402 + .047(4) (.495 - In GDPR) - 1.340
 
2(-.047)
 

- (1.88866 - .188 In GDPR,$'70) - 1.340
 
- .094
 

(4)
 

5. 	 Finally, convert 1970 US dollars iuto the dollar value 

of whatever year is desired, using a dollar price deflator. 

This latter could be the United States GNP price deflator or 

a measure of the purchasing power of the U.S. dollar in
 

international trade. One such possible deflator for tle years
 

1978 and 1970 is given in Table 4 as 2.953 (1970 - 1.0).
 

Note that this method implicitly assumes that a constant price GDP
 

growth rate measured in base year prices for the country itself will be 

the same a's the constant price growth rate measured in "international" 

prices. In fact, the latter growth rate will usually be slower than the 

country's own prices would suggest because the production of relatively 

hish priced commodities such as manufactured items and other "tradables" 

will usually be at faster rates than commodities and services which 

initially are relatively low priced. Thus the computed nominal growth 

rate will be biaued upward by an unknown degree. If the numerical 

example given in Annex A is at all representative, however, and an effort 

was made to make the example as realistic as possible, then the bias may 

be relatively small. (Compare the constant international price growth 

rate of 4.99% shown in Table 3.2, p.3-9, with the year-zero price weighted 

or chain-linked rates of 5.29% and 5.30%.) 

21 



When the prospective growth rates given above are combined with the
 

five-step procedure just described, the estimates of future GDP per
 

capita are foimd which are shown in Table 5. The constant rupiah values
 

shown in column (4) are conceptually the same as those in LPEM
 

(1980, Table 1). (They differ very slightly in detail because of
 

rounding errors in tha 4-place growth rates given in column 3.) The 

constant international price estimates of column (2) have the same growth 

rates as shown in column (3) and consequently are simple multiples of 

column (4). 

What is of chief interest in Table 5 is the large difference 

between real and nominal rates of growth. Under the lower of the two 

alternatives Indonesia would increase its constant-price GDP per capita 

by a factor of 8.4 between 1978 and 2050. Measured in nominal values, 

designed to allow for changing price structures and thus to afford better
 

comparability with other countries in the world, the 1978 to 2050 increase
 

would be exactly twice as great, 16.8:1. This suggests that by 2000 

Indonesia would have almost reached the 1978 level of Malaysia and by 

2050 it would have surpassed the 1978 per capita GDP of the United Kingdom. 

Results for the higher growth alternative would be even more striking: 

the 1978 level of Mexico would bc,surpassed by Indonesia by 2000 and the 

1978 level of the United States surpassed by 2050. (All comparisons are
 

based upon the 1978 GDP data in World Bank, 1980b, Annex Table 1.)
 

The results from Table 5 may be compared with the earlier set of 

similarly-derived projections shown in Table 3.7 of Annex A, p.3-30. 

The Annex estimates show a generally similar pattern but have been based 

upon slightly different growth rates, especially for the higher 

alternative, and for a different starting year. It may be noted too, in 

passing, that the nominal-real projection technique just described has not 

yet, to the author's knowledge, been described formally in the professional 

literature. Both Chenery, Ahluwalia and Carter (1979) and Summers, Kravis 

and Heston (1980j have used "Kravis adjustment factors" for converting 

base year nominal GNP to dollars of equivalent purchasing power. In 

both cases, projections forward (or backward) in time are made using 

real rates of growth and no effort is made to translate the resulting 

estimates back into "nominal" US dollars. Chenery (1979, p.114) 

subdivides his "period of transition" into four sub-periods, measured in 
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TABLE 5 

GDP,ALTERNATIVE PROJECTIONS OF INDONESIA PER CAPITA 

1970 AND 1978 PRICES, 1978-2050
 

1,stmed 
1970 US$ 	 Prices growth 1978 Prices 

Real rate from Constant 
or Inter- previous rupiah Nominal 

Year Nominal national year shown ('000) US$ 

(1) (2) (3) (4) (5)
 

-	 Rp.159.89 $ 362
1978 	 $ 123 $ 348 


I. Lower 	growth rate alternative
 

456 	 .0392 209.27 493
1985 	 167 


317 775 .0360 355.72 9.35
2000 

763.09 	 25842025 	 875 16C2 .031 


7.934 .023 	 1347.31 6092
2050 2063 


II. Higher 	growth rate alternative 

1985 	 130 487 .0490 223.49 533
 

.0508 	 469.95 1335
2000 452 1023 


2025 1523 2419 .035 1110.60 4498
 

1822.06 	 10085
2050 3415 3968 .020 


Source: 	 See text. Col, (4) and (2) are based upon constant price
 
"real" growth rates of col. (3). The 1978 values of
 

cola. (1), (4) and (5) are derived from BPS (1979) and 

World Bank (1980a); thL -alue in col. (2) is derived using 

eq. (4). Subsequent values of col. (1) are derived from 

col. (2), using eq. (5). Col. (5) equals col. (1) times 

2.953, the 	1978/1970 dollar price inflator from Table 4. 
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both nominal and real (purchasing power equivalent) income, again based 

upon base year relationships and with no explicit mention of how these 

base year relationships might be expected to change over time. 

On the other hand in actual projection exercises for individual 

countries, analysts have begun to use techniques which are conceptually 

quite similar to those described in this paper. See, for example,
 

Korean Development Institute (1978) and, for Indonesia, NIRA (1980).
 

PROJECTING STRUCTURAL CHANGE 

If accurate projections could be made of the growth of individual 

industries and of the changing intensity of energy use by these industries,
 

then the job of projecting overall energy consumption would be more than
 

half completed. (Still needed would be estimates of direct energy use
 

by the so-called final demand sectors, private and government consumers,
 

stock changes and exports.) One of the earliest-used mothods for making
 

such projections of industry growth has been to estimate past growth
 

rates as a function of some quite independent variable, usually
 

aggregate GDP, and then to assume that the historical relationship
 

continues into the future. The difficulty for developing countries,
 

of course, is that historical time series of data are often limited.
 

There is also no easy mechanical way, in part because the historical
 

record ini so short, for projecting assorted non-linearities in the future
 

relationship between the grow& of a single industry and, say, that of overall
 

GDP.
 

Since the widespread introduction of input-output methodology,
 

it has become theoretically possible to project the future level and
 

and then to use detailed input-output
composition of "final demand" 

tables for the country to estimate the needed mix of domestic production
 

and imports for the satisfaction of final demand. This is the method

ology used by the Korean Development Institute (1978) for fifteen

--a.
year projections of energy use in the Republic of F The forean 

analysis illustrates both the strengths and weaknesse of the basic 

It was possible, for example, to build into the projectionsapproach. 


some very considerable shifts in industrial specialization towards heavy 

industry, both in metals and chemicals, and to estimate industrial 

energy demand in considerable detail. On the other hand it apparently
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was not possible or feasible to estimate technical change for individus
"
 

industries in their use of energy. Consequently, industrial energy
 

use fifteen years in the future was projected on the basis of current,
 

"good practice" energy coefficients, and no consideration was given to 

the potentially important energy savings which could be particularly 

important for the so-called heavy, or more energy-intensive industries.
 

(For a further discussion of the Korean 15-year energy projections, see
 

Strout, 1979b.)
 

A third method for projecting the future growth of industrial 

sectors relies upon inter-country comparisons and stems from the work of 

Chenery and several colleagues (Chenery, 1960; Chenery and Taylor, 1968; 

and Chenery and Syrquin, 197..; see also Chenery, 1979, Part One). In this 

technique, total GDP is disaggregated into a number of sector shares 

by industrial origin, and each share is related to a number of measures 

of aggregate economic size on the basis of cross-country statistical 

analysis. The aggregate measurea generally include per capita GDP and 

total population, expressed in logarithms, plus the squared values of the 

same logarithmic variables. In his more recent work, Chenery has also 

introduced the ratio to GDP of total net capital inflow as an additional 

explanatory variable. (Chenery and Syrquin, 1975.) Conceptually a 

number of other variables could also be used to help capture particular 

types of country characteristics. (Chenery and his colleagues have 

accomplished much tha same purpose by dividing their world-wide sample
 

into "large" countries, "small primary-oriented" countries, and "buatll 

industry-oriented" countries and calculativ%separate statistical 

relationships for each group.)
 

Because this third method relies upon evidentie from a large number 

of countries, the statistical equations can incorporate subtle non

linearities in the growth process such as those captured by the use of 

quadratic (squared) logarithmic terms. The method will also capture
 

some of the technological and structual changes within broad economic 

sectors which have occurred in the past as the result of the normal 

,rowth process. The analyses available to date, however, center an the 

year 1965 with dummy variables used to judge any changes over the 20

year period. 1950-1970. This means that any world-wide changes in 

economic structures following the oil price shocks of 1973-74 and 
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thereafter will not have had a chance to affect the statistical 

results. 

Another difficulty in applying cr8ss-country norms to the projections 

for an individual country is to judge the rate at which the country 

in question will move closer to or possibly away from the norm. The best 

approach is to estimate why the country differs from international norm 

in some base year and then to project the extent to which the initial 

differences will continue in the future. Table 6, for example, compares 

actual sectoral shares for Indonesia with intercountry norms as calculated 

for 1970 and 1978. In 1970, the actual share of the primary, the industrial 

and the utilities (including transportation) sectors came very close to 

that predicted on the basis of international norms. Only "other services" 

differed from the norm by more than l percentage points. 

By 1978, however, higher prices for Indonesia's oil exports caused 

the primary sector share to substantially exceed the inter,,,i.nalnorm. 

(Shares in Table 6 have been calculated in prices of the cut-ent year.) 

Shares for the other three sectoral groups, as a consequence, dropped 

below the cross-country norm. 

Also shown in Table 6 are 1985 and year 2000 projections for the same 

sectors as made for LPM (1980) and as made on the basis of the same 

pre-1970 international relationships as used for the 1970 and 1978 

comparisons. Points for all four years are also shown graphically, along 

with cross-coutry-based projections to the year 2050, in Figure 2. (The 

yeor 2025 and 2050 projections use the same GDP and population assumptions 

shown earlier in Table 2 and 5. Details of the proje-.tions may be found 

in Table 7.) The LPEM analysts apparently relied heavily on the 

"Chenery-Taylor-Carter" model, but in the report cited they do not give 

the actual estimating equazions nor the specific literature referred to. 

They undoubtedly also tempered their projections with their own judge

ments about the future. Thus, as can most easily be seen in Figure 2, 

primary sector output was projected as raintaining approximataly the same 

relationship to international norms as observed in the LPEM base year, 1978. 

Similarly, the actual future share of manufacturing and construction 

wrght continue ro lie at roughly the same relative distance below the 

large-country norm. (Note that Figure 2 shows both a higher and a lower 

projection. The lower LPEM projection should always be compared with the 
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TABLE 6
 

COMPARISON OF GDP SECTOR SHAPES WITH "ORMS'
 

DERIV)ED FROM CHENERY-SYRQU lIN-CARTER EQUATIONS,
 

GDP Growth Assumption 


Population, millions 


Per Capita (,DP:
 

1978 rupiahs ('000) 

1970 US$ 

1964 US$ 

Capita Inglow/GDP 

Sector Shares, GDP ty
Industrlt, Origin ( 

Agriculture 


mining 


Primary Subtotal 


(Intercountry norm) 


MIanufacturing 


Construction 


Industrial Subtotal 


(Intercountry norm) 


Transportation &
 
Communication 


ElectriLity, GaoVater 


Utilities Subrval 


(Intercountry norm) 


Other Services 


(Intercountry norm) 


Sources: See next page.
 

1970 

1970 


-

117.59 


101.40 

77.8 

65.4 


.045 


47.15 


5.17 


52.3 


(53.7) 


9.33 


3.00 


12.3 


(12.4) 


2.87 

.45 


3.3 


(4.4) 


32.0 


(29.9) 


2000
 

1978 


-

136.27 


159.89 

123 

103 


.016 


31.12 


17.76 


48.9 


(44.2) 


9.34 


5.1.
V 

14.5 


(17.4) 


4.69 

.53 


5.2 


(5.7) 


31.4 


(33.1) 


1985 2000 

Lower Maher Lowr Iher 

156.53 205.47 

209.30 223.52 355.97 469.81 

27
 

167 

140 


.017 


26.43 


15.29 


41.7 


(37.9) 


12.49 


72 

18.2 


(21.0) 


5.67 

.89 


6.6 


(6.5) 


33.5 


(35.1) 


180 317 452
 
152 266 380
 

.028 .012 .020
 

25.88 20.79 18.35
 

14.89 12.33 10,76
 

40.7 33.1 29.1
 

(36.0) (27.1) (21.6)
 

12.85 17.91 19.71
 

.81 6.!4 6.32
 

18.7 24.0 26.0
 

(22.3) (27.1) (30.6)
 

5.94 7.32 8,54 
.96 1.76 2,23 

6.9 9.1 10.3
 

(6.6) (7.9) (8.4)
 

33.8 33.8 34.1
 

(35.6) (38.4) (40.0)
 



TABLE 6
 

continued
 

Sources:
 

1970 population and national accounts, in rupiahs: World
 

Bank (1980a, p. 104).
 

1978, 1985, 2000 population and GDP shares: LPEM (1980),
 

Tables 3.B end 17.C (for electricity, gas and water),
 

except that electricity, gas and water for 1978 has
 

been taken from BPS (1979), Table XI.1, p. 1230.
 

Capital inflow (from the same sources) equals Import of 

goods and non-factor services minus Exports of goods 
factor income toand non-factor services plus Net 

abroad.
 

1979 US$ values of GDP per capita are from Table 5
 

1964 US$ values of CDP per capita equal 1970 $ values
 

times .841 (from Table 4).
 

are from Chenery and
Equations for computing sector shares 

Annex B,Syrquin (1975) and Carter (1973) as shown in 

Table 8.3, p. 8-23. 
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TABLE 7
 

SECTOR SHARES FOR INDONESIA,
PROJECTION OF GDP 

2025 AND 2050, BASED UPON 1950-1970 INTERCOUNTRY 

NORMS (AFTER CHENERY-SYRQUIN-CARTER) 

2025 2050 

GDP Growth Assumption Lower Higher Lower Higher 

Population, millions 263.4 300.0 

Per capita GDP: 

In 1970 US$ 875 1523 2063 3415 

In 1964 US$ 736 1281 1735 2872 

Capital inflow/GDP .01 .01 .00 .00 

Sector Shares (%)* 

Primary 15.0 10.7 10.0 8.7 

Industrial 
Utilities, Transp. 

34.3 
9.4 

37.0 
9.8 

37.4 
10.1 

38.4 
10.2 

Services 42.0 43.2 43.4 43.6 

Derail will not add to 100.0% because of rounding in the
* 
estibting equations. 

Sources: 	 Population and per capita GDP in 1979 US$ are from 

Tables 2 and 5. The 1964 US$ values equal the 1970 
The same procedure
US$ values times .841 (from Table 4). 


for calculating the sector shares was used as for Table 6.
 

(See notes to that table for further details.)
 

30
 



lower cross-country-based projection and similarly for the higher projections.)
 

For services and utilities, however, there appears to be distinct
 

differences between the time trends projected from large-country norms and
 

not known, but it
those projected by LPEM. The reason for this is 


could conceivably arise from a misinterpretation of the sector definitions.
 

The electricity, gas, and water sector, for example, was included
 

in the LPEM "all other" service sector rather than in "utilities,
 

including transportation." Electricity, gas, and water has accordingly
 

been shifted to the latter sector for the comparisons shown in Table 6
 

and Figure 2. This was done because in the Chenery-Syr-uin source,
 

relied upon most heavily for the current study, "utilities" very explicitly
 

include "electricity, gas, and water, as well as transportation and
 

communication, including storage" (Chenery and Syrquin, 1975, p.18
4). If
 

the shift of electricity, gas and water had not been made and the
 

original LPEK classification had been lift intact, then "all other
 

services" (lainya) would be much closer to the cross-country norm
 

for "services", and "transportation and communication" (excluding
 

electricity, gas, and water), to the large-country norm for "utilities."
 

For energy-projection purposes, given no further information
 

on this point, it would be well to use the LPEM (1980) sectoral
 

breakdowns of 1985 and 2000 production, extrapolating these beyond 2000,
 

if necessary, to gradually approach the large-country, interpational norm
 

by perhaps the year 2050. This seems a reasonable procedure in any case
 

For services and utilities,
for the primary and industrial sectors. 


however, if the opportunity should present itself it would be wise
 

to learn more about the specilic LPEM projection methodology.
 

Projecting sectoral shares for the broad economic groups discussed
 

above may of course be only the first step in estimating industrial
 

Most of the additional detail
composition at a finer level of detail. 


will be required for the "manufacturing and construction" sector, especially
 

for those energy-intensive industries such as primary metals, cement,
 

pulp and paper, heavy chemicals, etc. A starting place for these estimates
 

should be Indonesia's Input-Output table fc" 1975 (BPS, 1980), but
 

the difficulty is that Indonesia's 1975 structure of manufacturing was
 

quite rudimentary compared to the likely situation by 2000 or 2050.
 

Projecting the future output from individual manufacturing sectors
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requires attention to domestic demand growth; export possibilities,
 

import substitution, and technological change. (Chenery /9,pp.108 ff.)
 

sectors are
Unpublished cross-country equations for major manufactut, 


apparently available within the World Bank (Prakash, 1978), and Chenery
 

has compared thiese estimates with alternatives derived from a simulation
 

model of the process of industrial growth. Growth elasticities from
 

the simulatioa model tend to be generally higher than those calculated
 

from cross-country regressions. Unfortunately neither method is described
 

in sufflciert detail to be useful for projecting future manufacturing growth
 

in Indonesia. (See Chenery, 1979, Chapter 3.)
 

The best projection procedure for individual manufacturing sectors
 

in Indonesia might therefore be to work from analogy with other large
 

developIng countries which are currently at income levels wh!.ch Indonesia
 

(Ewamples
can be expected to reach during the period under review. 


might be the Republic of Korea, Mexico, and Brazil.) In any case a range
 

of values should be chosen to explore the implications on energy use
 

of a "heavy" versus a "light" industry path of development.
 

CONCLUSION
 

This paper has surveyed currently available estimates for future
 

growth of population and per capita GDP in Indonesia. High and low
 

variant concensus estimates emerge to the year 2000, but beyond that
 

for both population and GDP growth becomes considerably more
the case 


It is likely that domestic and perhaps world-wide resource
speculative. 


constraints will become more important over this period and that even
 

the lower of the two post-20
00 projections shown above can provide no
 

more than an upper limit to Indonesia's growth aspirations. This is
 

the pessimistic conclusion reached in the NIRA study of a "Long Term
 

Economic Development and Energy Policy in Indonesia" (1980), and it
 

must certainly be a principal concern of any long-range forecasting
 

exercise.
 

With respect to projecting sectoral and sub-sectoral detail for
 

Indonesia, cross-country comparison modified by a knowledge of Indonesia's
 

own growth parculiarities is clearly the preferred methodology. The
 

LPEM projections to 2000 provide a good starting point, at least for
 

the major c-baggregates of GDP, although a question has been raised
 

about the service and utilities sectors which could benefit from further
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For projections of individual manufacturing groups,
clarification. 


there appear to be as yet no concensus estimates of output, even prior
 

Drawing upon the experience of a few other developing countries
to 2000. 


could provide one set of answers to the projection process, and it might
 

also be possible to gain access to the unpublished World Bank regression
 

estimates made in 1978 by Prakash.
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ANNEX A
 

ECONOMIC GROWTH
 

Chapter 3 from
 

Population, Resources and The Environment
 

in Indonesia's Future
 

by Alan M. Strout
 

A study prepared for Resources for The Future under a grant from
 

The Rockefeller Foundation
 



ECONOMIC GROWTH 

One of the major factors affecting materials consumption, as will 

be seen in the empirical sections later on, is per capita gross product. 

This is also the most commonly used yardstick for measuring the pro

greds of-economic growth. Gross product measures the total output, in 

money terms, of a society and as such is largely determined by supplies 

of labor, capital equipment, and raw materials, including agrictiltural 

land. It is strongly influenced also by the level of available technology, 

by export markets, and by public policies taken to ensure the full utiliza

tion of productive capacity. 

Thie growth of gross domestic product (GDP) over time is deter-, 

mined by the same set of factors. Capital accumulation, expr'rt markets, 

technological change, and government policies appear to be especially 

important in the medium- and longer-run. Most of these factors, in turn, 

are amenable to human influence Pnd intervention. Although at any given 

time countries must overcome various degrees of handicap in order to 

grow economically, and although initial stocks of natural resources have 

favored many countries, it would appear t'4,at in many cases the lack of 

natural resources may be compensated for by vigorous economic policies 

and activities. 

In the much longer-run, say beyond the iurn of the century, today's 

conventional wisdom holds that natural resoqrce shortages mvnay bec'' me 

increasingly important in determining a nation's standard of living. 

Indonesia's planning objective, therefore, should be to consider which 
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pc--is riht permit the greatest growth (or degree of human welfare) 

given its stock of natural resources. The purpose of the current study 

is to consider the interrelationships between economic growth and natural 

resource consumption and to examine the possibility of longer-run con

straints on growth resulting from world-wide resource scarcity. 

To do this, we must specify several paths of future economic growth, 

estimate natural resource requirements under existing technology, and 

consider whether or not the natural resource demands and the probable 

environmental impacts of increasing material production and consumption 

are within the bounds of "reasonableness". If not, then what is the likeli

hood that technological developments may come to the rescue? 

Several problems arise when trying to specify desired economic 

growth targets for the distant future. The first concerns the widely 

recognized inadequacies of GDP in measuring economic well-being for 

all segments of the population. Alternatives to the per capita GDP yard

stick exist, but linking a diverse number of welfare indicators, including 

those reflecting income equality, to natural resource demands is beyond 

the capacity of this current study. Food adequacy (but not distribution by 

income class) is implicit in the calculations of agricultural growth repor

ted in Chapter 6, but it ha not been possible to pay attention explicitly 

to other "basic requirements" such as clothing, health, and education fa

cilities.1
 

The problem becomes particularly acute once certain minimum wel

fare needs have been met for the bulk of the population, possibly at a per
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t Compare with the statement of welfare goals in Sumitro (1975). 

capita GDP level as low as $400-600. Beyond this point the standard of 

living, as conventionally measured by average GDP per capita, can pre

sumably increase almost indefinitely. Goods and services fall increas

ingly in the category of "luxuries". Some of these, such as the family 

automobile, may have a profound impact on the location of human habita

tion, the design of cities, atmospheric pollution, the demand for suppor

ting services and goods, and the "need" for additional natural resources, 

especially fuel. In terms of "quality of life" for the bulk of a nation's 

inhabitants, it is conceivable that an average GDP per person of $3,000 

could provide for as much (or more?) welfare as an average income that 

was much higher. The difference between the two situations would lie 

partly in the patterns of physical infrastructure and of goods and services 

produced.
 

It is clear that the consumption of natural resources is largely deter

mined by per capita income levels, although there is a tendency for the 

per capita consumption of some materials to increase less rapidly than 

income at higher levels (see Chapter 9). If future world-wide 

scarcities of steel, aluminum, copper, wood, paper, etc. could not be 

compensated for by technological innovation, then it is highly probable 

that income growth would be affected. What is not clear and what has not 

been investigated by this study is by how much the quality of life for the 

majority would be affected by changes in average per capita GDP. 

\00
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fIn its long-term projections of electrizity consumption by the nations
 
of the world, the International Atomic Energy Agency has considered GNP
 
growth paths leading to average per capita levels as high as $50,000 (in
 
!,',. ic3s). See Lane (1975, Appendix D, Figure D-4, po U0,
 

Pricing Biases in GDP Projections
 

A second and somewhat related problem irL projecting desired future GDP
 

targets is that of the pricing biases inherent in our conventional measures
 

of domestic product. It has long been recognized that pricing and exchange
 

rate difficulties could affect the comparison of incomes between two coun

tries. Recent work by Irving Kravis and his associates leads to the conclu

sion that these biases bear a systematic relationship to the level of per
 

capita GDP (as conventionally measured and as converted to dollar equiva

lents at official exchange rates). 
1
 

:n the discussion below, it will be necessary to distinguish among
 

four different measures of GDP growth over time. The constant, "own price"
 

growth rate, conventionally called the "real" growth rate by most analysts
 

and planning bureaus, refers to the change in GDP when valued at a common
 

set of domestic prices from a particular base year. A closely related
 

growth measure is valued not in domestic prices but in a set of "inter

national" prices which are essentially weighted averages of prices observed
 

for a more or less representative sample of countries and after conversion
 

to a common currency.
 

The objection to both thq constant own price and the constant inter

national price measures is the assumption that comparisons, to be meaning-


IKravis and others (1975, 1978a, 1978b). The systematic nature of the
 
pricing biases uncovered by the Kravis studies will be described below.
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Prices, in short,
 
ful, must compensate for all changes in relative 

prices. 


must be held constant even during long growth 
periods encompassing signifi

cant structural change. 

Relative prices, of course, do not remain 
constant. Some goods and ser

vices become less expensive relative to 
others, usually as a result of tech-


Lower relative prices are ordinarily
 nical change or econou'.ies of scale. 

Hore is consumed of those goods 
accompanied by increased relative demand. 

less is consumed of thcse goods
 
which become relatively less expensive w.hile 

in short, innoral pattern of growth,
whose relative prices increase. The 

volves continual change in taste, consumption 
patterns, technology, and rela

tive prices.
 

Growth rate deflation procedures which 
are tied to an unchanging set of
 

prices will fail to do justice to the normal changes which occur during 
the
 

the begin
growth process. Specifically, if base prices are chosen 

from near 


ning of a long-run Srovch sequence, the measured growth rate is likely to be 

biased upward. This is because the prices of fast-growing sectors are as

sumed not to fall as output expands, thus giving too great a weight to the 

high growth portions of the economy. Conversely, if base prices are those 

from near the end of a long growth process, 
these will give too great a 

weight to thcse industries whose growth has lagged 
and whose relative prices 

have remained or have become high. GD? growth in this latter case will be 

understated, and the measured growth rate 
will be biased downward." 

the well-known "indexa restatement of num-
This discussion is merely 

no simple and unambiguous choice possible 
be

ber problem" in which there i3 
 Paasche (current or subweights) orof a Laspeyres (prior yearteen the use 
See for example the discussion in Ne.nham 

sequent year weights) index. 
(1969, Chapter 4).
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Another approach to measuring GDP growth, then, and one which may give
 

a quite different result from that based upon the use of constan: 
prices,
 

they do in the real
would pdi= relative prices to vary over time much as 


One variant of this approach, which might be called a deflated, 
vari

world. 


able price growth rate measure, would be to maintain the assumption 
of cons

tant prices for only a relatively short period, say for ten 
years or so.
 

a price index rather than a GDP index is being
Prices (or quantity weights if 


the old through

considered) would then be shifted to a new base and linked to 

the use of data for a common year. Such a chain-linked index would have the 

the price weights are advantage of permitting relative price variation as 


changed over time while holding the general price level constant.
 

A second variable price procedure and the fourth GDP growth measure con

sidered in this section would be to assume constant prices over time for one
 

Other prices would be deflated using
class of goods or group of industries. 


the price index for this single class. The price relationships among the
 

This may

various classes of goods would thus be allowed to 

vary over time. 


be called a partially deflated, variable price measure 
of gross domestic
 

If the prices of other goods rose relative to the class of goods

product. 


whose price was held constant, for example, there 
would be an upward bias to
 

the resulting overall measute of GDP growth.
 

While the discussion so far may appear theoretical, each 
of the four
 

A correct appreciation of
 
measures ha its counterpart in actual practice. 


the theoretical differences, furthe--=ore, is essential 
if cross-country
 

relationships taken from a particular point in 
time are to be extrapolated
 

correctly to changes over time for a particular country or 
group of countries.
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If cross-country relationships, for instance, are derived from a country
 

sample whose per capita GDPs are expressed in constant international prices
 

(the second measure discussed above) then projections of GDP change over time
 

should also be expressed in the same type of constant prices.
 

In actual practice, projections of GDP growth are most likely to be mgude,
 

implicitly at any rate, in terms of constant domestic prices from a base year
 

fairly close to the present. This procedure is analagous to the first GDP
 

growth measure noted above. In almost no instance is an effort made to pro

ject systematic price chianges over time for a whole set of commodities and
 

On the other hand, when GDPs for a number of countries are comservices. 


pared through the use of conventional exchange rates, this is analagous, as
 

will be seen below, to deflating each country's GDP by an index which holds
 

- those which enter international trade one particular class of goods 


constant among countries. 

Numerical Examples of Pricing Biases
 

The real world counterparts of the several altirnative growth measures
 

In this numerical example, a hypoare illustrated in Tables 3.1 and 3.2. 


thetical country is assumed to produce two categories of commodities, A and
 

Commodity
B, whose consumption and prices increase over a 40-year period. 


group A represents those goods and services which are traded internationally
 

in significant quantities. The definition is thus narrower than that of
 

used by Kravis and associates (1978a,
potentially traded or cradable goods as 


p. 123). Commodity group B includes all other goods and.services, including
 

1One partial exception is the projections made for the 1977-15i Korean
 

Prospective Plan. These projections, at least on the macro level, are ex

pressed hot only in terms of constant Korean prices but in terms of the nomi-

See Korean
nal relationship between Korean prices and (chaaiing) USA prices. 


Development Institute (1978).
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Table 3.1
 
Forty-Year Growth Path of Per Capita Gross Domestic Product,
 

Hypothetical Country
 

Weighted Using Prior 

Time Current Year Prices Period Price Weights 

period 
W 

Commoditv Group 
A B Total 

Commodity Group 
A B Total 

0 Price 8 16 - -

Quantity 4 12 

Value 32 192 224 

8 16
A0 Price 10 22 


Quantity 16 16 16 16
 

128 256 384
Value 160 352 512 


22
20 	 Price 12 30 10 


Quantity 40 22 40 22
 

884
Value 480 660 1140 400 484 


12 	 30
30 	 Price 15 49 


Quantity 70 34 70 34
 

Value 1050 1666 2716 840 1020 1860
 

15 	 49
40 Price 18 100 


60 100 60
Quantity 100 


1500 2940 4440
Value 1800 6000 7800 


Source: Relative prices and quantities are roughly based upon the
 
IV, and V from Kravis
relationships implicit for country groups 1, II, I1, 


and othe:s (1978a, Chapter 4), where "Commodity A" is durables (consumer
 

plus producer durables less furniture and fixtures) and fuels and "Commodity
 

B" represents all other goods and services.
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Table 3.2
 
Alternative Measures of 40-Year Growth Rates
 

of Per Capita GDP, Hypothetical Country Shown
 

in Table 3.1
 

Annual
 
Growth


Value. Per Capita GDP 


Constant, own-price 

growth rates: Year 0 Year 40 Ratio Rate 

Year zero prices 
(Laspeyres index) 224 

a 
1760 7.857 5.29% 

Year 40 prices 
(Paasche index) 1272b 7800 6.132 4.64 

Geometric mean of 
Laspeyres and Paasche 
indexes (Fisher or 
ideal index) 

C 
533.8 3705.1 

6 
6.941 4.96 

Constant, "international" 
price grcwth rates, where 
PA = 12, PB = 36 

d 
480 

e 
3360 7.000 4.99 

Chain-linked (variable price
 
f
weight) growth, using prior 

224 1768.4 7.895 5.30

10-year period price weights 


Nominal growth rate assuming
 
commodity group A prices
 

224 3666 .7g 15.48 7.09

remain constant 


Source: Table 3.1
 

aEquals (8 x 100) + (16 x 60).
 

bEquals (18 x 4) + (100 x 12).
 

cEquals square root of the product of the previous two per capita GDP's.
 

Thus, for example, (224 x 1272) = 533.8. 

dEquals (12 x 4) + (36 x 12). 

eEquals (12 x 100) + (36 x 60). 

384 884 .1860 4440f 
fEquals 224 x () x (-j) x (i140) x 2716 ). 

gEquals (8 x 100) + (8/18)(100 x 60).
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but which do not in fact coutributesome which are potentially tradable 

greatly :o i_-acrnational trade (as with widely available or low value products 

are significant such as mosc foodstuffs, many nonwhere transportation costs 


durable goods, and durables such as ordinary furniture). The hypothesized
 

price and quantity changes for commodity groups A and B, shown in Table 3.1,
 

are roughly comparable to observed differences among various groups 
of coun

tries as measured by Kravis 
and others.

1
 

Table 3.1 shows estimates of per capita GDP which are uncorrected 
for
 

price changes. Thus over the supposed forty year period the prices of com

from 8 to 18, while per capita conmodity A increase by only 2-1/4 times, 


from 4 to 100. The price of commodity B,
sumption grows by a factor of 25, 


meanwhile, is assumed to increase at more rapid, six-fold rate, from 16 
to
 

100, resulting in a relatively moTe limited increase in per capita 
consump-


In undeflated values, per capita consumption
tion for that commodity group. 


of A plus B grows by almost 35 times (from 224 to 7800) over the 40 years.
 

Table 3.1 also shows one type of price deflation in which price weights
 

those of a ten year prior base period. Thus, in the prices of year 10,
 are 


This may be
 
per capita consumption in year 20 would have a value of 884. 


compared with its "current year" value of 1140 and with the year 
10 value
 

In comparing year 20 consumption with that of
in year 10 prices of 512. 


year zero, however, a two-step process is needed since the price 
deflation
 

Thus, the 884
 
procedure shown is applicable for only ten years at a time. 


as already

figure from year 20 is comparable uith the 512 figure from year 

10, 


1Thus, the hypothetical country in year zero is roughly equivalent to
 

the composite, low-income, group I countries in Kravis and Others 
(1978a,
 

Chapter 4) while the year 40 situation cepresents real country 
averages at
 

a considerably higher level of per capita GDP.
 e, 



3-11
 

while the year 10 figure of 384 (in year 
0 prices) is comparable with
 

noted, 

Year 20 consumption using this "chain-link"
 year zero consumption of 224. 


procedure (illustrated further in Table 3.2) 
is thus 884/512 times 384/224 or
 

2.960 	times that of year zero.
 

forty years is
 
In Table 3.2, the hypothetical country's 

growth rate over 


The first two involve the use
 
measured according to six different 

methods. 


either of year zero prices for measuring year 40 consumption 
or year 40 prices
 

for valuing both year 0 and year 40 
consumption. The former, since it assigns
 

the faster-growing group A of commodities,
 
a relatively higher price weight to 


produces a significantly higher measure 
of pe: capita GDP (a 5.29% annual
 

a 4.64% rate when price weights are 
taken from year
 

growth rate compared to 


is taken of the two growth measures, a compromise
 
40). When a geometric mean 


Fisher's "ideal" index
 
(4.96%) is obtained which is known 

as 

growth rate 


(see Abraham, 1969, pp. 137-139).
 

The international purchasing power 
procedure of Professor Irving Kravis
 

to derive a common set of pric2s
 
and his associates, as already noted, is 


which are broadly representative of 
countries covering a range of per 

capita
 

For 1970, on a basis which is comparable 
with the other prices and
 

incomes. 


quantities shown in Table 3.1, the 
commodity A price3 had a relative 

weight
 

If the hypothetical country's
 
of about 12 and those of commodity 

B about 36. 


are weighted using these international
 
consumption in both year 0 and year 

40 


seen from Table 3.2 to have
 
prices, then growth over the 40-year 

period is 


The near coincidence of this growth 
rate with
 

been about 4.99% per year. 


interan accident although the
the "ideal" index is

that determined from 

it is upon a weighted average of various
 
nationally-priced measure, based 

as 


country prices, will always lie between 
growth rates obtained from price
 

weights taken from either extreme 
of the observed price range.
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When price weights are permitted to change every 10 years, a chain-linked
 

growth rate is obtained, as described above, which averages 5.30% per year 

ovar :no 40-year period. This is marginally higher than any of thu mcOasures 

so far considered although very close in this particular example to that 

obtained when zero year prices are used for weighting both year 0 and year 40 

consumpzion.
 

Finally, the last growth rate calculated in Table 3.2 differs from all
 

of the others shown in being only partly deflated for price changes. In
 

calculating this "nominal" growth rate, prices of commodity group A have been
 

The price of commodity -oup
held constant at 8 between year 0 and year 40. 


B, however, has been deflated using the implicit price index for group A.
 

In year 40, for example, the implicit group A price index would be the actual
 

price divided by the year zero price, or 18/8 - 2.25. When the group B price
 

of 100 tn year 40 is divided by the group A price index, 2.25, the deflated
 

group B price become 100/2.25 - 44.44. The year 40 ratio between the B and A
 

price thus remains unchanged at 100/18 - 44.44/8 and differs sharply from the
 

equivalent ratio between the two commodity groups in year 0, 16/8.
 

Because under this procedure the 40-year change in per capita consump

not full,) deflated for changes in the average purchasing power of
tion is 


currency, the nominal growth rate is considerably higher than any of the
 

The nominal measure might thus seem to have
fully price-deflated measures. 


to the crosslittle practical interest, but in fact it is exactly analagous 


country differences obtained when official (or better, equilibrium) exchange
 

rates are used to convert national currencies into' common units. This is
 

because commodity A in this example, has been defined to consist of those
 

goods which are actively traded among countries. Ic is this class of goods
 

http:100/2.25
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Put differ
which largely determines a country's equilibrium 

exchange rates. 


to international prices using equiliently, after converting national prices 


brium exchange rates (which in many countries 
are closely approxima:ed by Lhe
 

the prices of group A commodities will be very
official exchange rates), 

1
 

similar or almost identical 
in most countries.


Cross-Country Evidence on Relative Prices
 

One way to confirm this point empirically is to compare 
price indexes
 

for various commodity groups among the sixteen 
countries for which Nravis
 

of 1978. In computing

and his collaborators have made direct estimates 

as 


these indexes, a country's expenditure on a 
commodity or group of commodities
 

is converted to dollars using the cfficial exchange rate and 
then divided
 

same commodity or group of commoby a measure of relative'quantity for the 


dities. The resultant measure of relative pricei is 
then divided by a similar
 

The U.S. index will thus
 
price measure calculated for the United States. 


always equal 100 while for commodities which show a large degree of common

ality among countries, the country price indexes will also be close 
to 100.
 

The commodity classifications shown in Table 3.3 
represents an attempt
 

to identify those commodities which move in international 
trade in signifi

are relatively free from distortion.
 cant amounts and whose domestic prices 


can
 
While there is usually substantial variation 

from country-to-country, it 


be seen that the relative prices for consumer 
durables3 (with some omissions)
 

1To be more correct, this statement should define prices as "shadow"
 

prices or prices before including the effects 
of taxes, tariffs, subsidies,
 

For this reason
 
rationing, or other domestic prica-distorting 

policies. 


commodities which are freely and frequently traded 
but whose domttic prices
 

are often subject to a strong degree of government control--as, 
f'r 'xample,
 

tobacco, alcoholic beverages, automotive gasoline, 
and subsidized foodstuffs-

should not be included in commodity group A.
 

1 
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Table 3.3
 
Price Indexes Relative to United States (USA=100)
 

for Selected Commodity Groups, Kravis Sample
 
of Countries, 1970
 

Cloth- Al.

Durables (excluding 
 n oods

furniture & fixtures)
Countries 


(aer- Trad-
Fuel and
and r
and foot- vices ex- able

Con- b Pro-
groupsa sumer ducer Total power Food wear cluded) goods vices 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

GrouD I 103.8 109.0 105.1 70.0 52.6 45.6 53.1 56.5 18.7 

Kenya 
India 

130.0 
82.9 

103.0 
103.3 

104.8 
97.1 

38.7 
78.0 

62.2 
44.2 

63.7 
49.6 

27.6 
11.1 

Philippines 
Korea, Rep. 

102.1 
100.3 

117.8 
112.0 

111.9 
106.7 

103.2 
60.2 

46.7 
59.5 

, 50.2 
62.7 

13.6 
22.5 

GrouD I 123.2 107.6 108.5 85.0 53.9 42.1 52.1 59.5 25.6 

Colombia 155.7 118.6 123.3 39.2 51.2 58.9 24.5 
Malaysia 
Iran 

101.8 
112.2 

102.7 
101.5 

101.4 
100.9 

123.5 
92.4 

51.6 
53.4 

59.2 
60.5 

28.4 
24.0 

GrouD 111 100.3 92.7 93.0 98.4 84.4 73.9 80.1 83.3 44.3
 

Hungary 106.0 100.3 99.0 57.3 69.8 72.3 23.8
 
Italy 101.1 86.5 89.3 95.9 86.8 92 6 52.1
 
Japan 84.7 89.9 86.5 121.7 82.8 82.5 43.2
 
United Kingdom 109.6 94.1 97.4 118.8 81.0 85.7 58.2
 

Group iV 117.1 102.4 104.9 139.4 96.9 98.3 89.0 95,1 62.5
 

Netherlands 117.9 111.1 111.9 102.3 83.1 91.2 61.4
 
Belgium 119.1 109.8 111.0 156.0 91.2 916.2 54.2
 
France 118.5 91.3 96.8 155.9 89.2 92.7 66.0
 

92.4 100.1 68.2
Germany, F.R. 113.1 97.6 100.0 143.4 


GrouD V
 

United States 100.0 100.0 100.0 100.0 100.0 100.0 100.0 1CO.0 100.0
 

Source: Kravi3 and 68hezs (1978a, Chapter 4). Coiu-ns 5 and 
6 are taken from Table 4.13; columns 7 8, & 9,from 2:ble 4.17, 
colu.mns (6) and (8). Colum3 1-4 are derived from dlsagregated
 
dataX'"ravis and others (1978a), Appendix Tables 4.1 and 4.5,
 
according to the formula:
 

100x( QPj/zQUSPUS)/(z Q4 PI /zQsP /exchange rate 

wereand per capita exendtures in national
 
w e ncurrencies, either of ccuntry J
 

or of USA, from Appen. Table 4.1 
= quantttie3 per capta valued at 

international prices, Appen. 
Table 4.5 

exchange rate = official exchange rate between nation
al currency and the U.S. dollar, 1970, 
from Table 1.2
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Table 3.3, Continued
 

Footnotes:
 

arranged in ascending order of 1970 per capita
aCountries are 


GDP, measured in international prices. The groups are those of
 
and the group averages are unweighted
(1978a),
Kravis and others 


means of the countries included.
 

bin addition to fu-rni-urC, excludes household zextiles and 

oarers and magazines; stationery; 
educational 

utensiles; books, and drags, medical suntilies and 
supplies; toilet article3; 79-81, andtheresutic equipment. includes Kravis lines 61-6, 


household

92-94 (1978a, Appendix Tables, Chapter 4), namely 


appliances, personal transportation 
and accessories, electronic
 

goods, and recreational equipment.
 

cTradable goods differs from "all goods" in that 
construction has
 

been excluded.
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and producers durables, lie close to 100. Fuel and power prices, on the other
 

ir. to be depressed in poorer countries and considarably higher than
ezr 


the United States average in richer countries other than the U.S., presumably
 

as a result of deliberate government poliries. Both food and apparel prices
 

(clothing and footwear) appear to increase relative to those in the USA as
 

per capita incomes rise. The relative price of services shows the greatest
 

range, averaging less than one-fifth of the relative U.S. price in the lowest
 

income group of countries.
 

Table 3.3 illustrates the wide variation of commodity prices which exists
 

among countries, the tendency of certain categories of prices to rise relative
 

to other categories as per capita incomes rise, and the tendency of a few
 

to have similar prices among countries when converted to
categories of goods 


a common currency at official exchange rates. It seems reasonable to suppose
 

that prices would be similar throughout the world for those goods which are
 

actively traded internationally. W-hat is less clear is why prices are not
 

similar for all goods which are internationally traded and why relative domes

tic prices should vary so greatly at different income levels.
 

Reasons for Inter-Country Differences in Relative Prices
 

The arswers lie partly with classification and measurement conventions
 

and partly with the nature of productivity differences among countries. The
 

category of "food", for example, includes a multitude of products many of
 

which (root crops, fresh milk, and most fresh vegetable, for instances) are
 

Even when a more narrow
traded internationally to only a minor degree. 


definition of commodities is employed, however, large price differences may
 

still remain among countries. Thus, Table 3.4 shows 1961-65 cereal prices
 

averaged for a sample of 97 countries. The higher income group of countries
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3.4. Average Grain Prices by Level of Per Capita GNP, 1961-1965Table 

Average 	Grain Price,Number of Countries a 	 Per Capita GNP Range 
1963, Current U.S. $ U.S. $ Per Metric Ton 

$54.6less than $10025 

22 $100 	to $199 $69.0 

32 $200 to $900 	 $79.4b 

$83.118 	 $1,000 + 

97 Total Sample 	 $71.3 

Source: 	GNP estimates in current prices from World Bank, 

Economic Analysis and Projections Department,
-

computer listing of February 3, 1975; grain prices 

and quantities (for determining average prices) 

from U.S. Department of Agr culture, Economic 

Research Service, "Indices o"Agricultural Produc

tion," for various regions, average 1961-65 and 

annual 1964 through 1973, 	May and June, 1974,
 

Local prices have been translated into dollars by
 

the USDA in most cases, using official exchange 

rates. 

aAll countries have been included for which itwas possible to 

obtain income and grain price estimates from the two sources. 

Not included are any socialist bloc countries, either in Europe 

or Asia. 

bThe average grain price for Japan was $186.50. Excluding Japan 

from this group would lower the group average to 	$75.9. 
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reported domestic prices which, in U.S. dollar equivalents, were over half
 

again.as large as the average for the lowest income country group. In this
 

case, although cereals are widely traded, the bulk of a country's consumption
 

is almost always produced domestically, and the prices shown in Table 3.4
 

are far more heavily influenced by domestic than by international sales.
 

Domestic prices will reflect domestic cost. of production and the rela

tive 	insulation of domestic from international markets when trade restrictions
 

exist or transportation and distribution costs are significant. Domestic pro

duction costs differ among countries as a reflection of productivity differ

ences. These differences are likely to be greatest among internationally

traded manufactured goods. But if prices are similar (in international cur

rency units) where productivity differences are largest, then prices must
 

differ (again in the same international currency) where productivity differ

ences are smaller.
 

Professor Kravis and his colleagues have summarized this "productivity
 
I

follows:
differential model" as 


1. 	International competition makes the prices of traded goods equal
 

in all countries.
 

2. 	Wages in each country's traded goods industries will depend upon
 

the 	productivity of labor in those industries.
 

3. 	The wages established in each country's traded goods industries
 

will prevail in nontiaded goods industries as well.
 

4. 	Productivity differentials are smaller in nontraded goods indus

tries than in traded goods industries.
 

1Kravis and Others (1978a, p. 127-128, and 1978b, p. 219). See also
 
the reasoning of Raoises Syrquin in his "Technical Appendix" in Chenery and
 
Syrquin (1975, pp. 145-153).
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are a majorof which services
that nontrried goods,

5. It follows 

cheap in low income countries.
elatCivelycomponent, will be 


countries, established by
 
That is, low wages of low-income 

their low productivity 
in traded goods production, 

extend to
 

the nontraded goods industries 
in which relatively better 

pro

ductivity produces low 
prices.
 

To this line of reasoning can be 
added the point noted earlier 

that the
 

domestic prices of traded goods may be heavi'Ly 
influenced in the real 

world
 

Domestic prices as measured 
furthermore may reflect
 

by public policies. 


prices in different markets 
and a range of product qualities 

or variants,
 

some of which anay not in fact be trade( 
internationally. 'A second 

point is
 

to be associated during 
the course of eco

that productivity increases 
tend 


nomic development with 
the faster-growing, usually 

more capital intensive
 

Productivity increases in 
other sectors, especially 

in
 

manufacturing sector. 


agriculture and the more 
labor-intensive services, 

tend to lag manufacturing.
 

wider range in labor productivitY 
differences, as between
 

This gives rise to a 


manufacturing aad services 
and agriculture for example, 

at higher income levels.
 

The shift in emphasis from 
the so-called primary products 

(agriculture
 

and mining) towards manufacturing, 
utilities, and some services 

was documented
 

many years ago by Colin 
Clark (1957). More recently, Hollis Chenery 

and Moises
 

Syrquin (1975) have measured 
these trends with greater 

precision and have dis

covered that production 
patterns appear to be influenced also by 

country size
 

(measured by population), 
by the degree of export 

orientation (especially 
among
 

Table 3.5 illustrates
 

smaller countries), and by net flows of foreign 
capital. 


the rapid relative growth 
of "industry" (manufacturing and construction) 

which
 

Te share of agriculture 
and
 

is found at higher levels 
of per capita GNP.

1 


some ways more de-

Itable 3.5 is in fact derived from an earlier 

ard in 


tailed World Bank working 
paper by a colleagur of Chenery and Syrquin, 

Nicho
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Table 3.5. "INormal" Composition of Gross National Product at 

n,;..sing Per Capita Incomea 

Per Capita GNP (1,964 U6 $)Sectorb 
50 100 200 300 500 1000 1500 3000 

I. Population = 100 millions 

Primary .621 .452 .315 .248 .179 .112 .086 .067 

Industrial .070 .167 .248 .287 .329 .371 .387 .402 

Utilities .036 .057 .072 .080 .087 .094 .096 .097 

Services .275 .327 .370 .390 .411 .431 .438 .442 

II. Population = 500 millions 

.222 .155 .130
Primary .664 .496 .358 .291 .110 

.214 .254 .295 .337 .353 .368
Industrial .036 .133 

.105 .106.088 .095 .102Utilities .047 .066 .081 

.45.374 .395 .414 .421

Services .258 .311 .354 


Table
Source: Carter (1973): See also Chenery and Syrquin (1975, 

on primary and industrial output.S9) for similar data 

aRatios are of GNP component shown in left-hand column to total 
net capital

GNP, holding population constant and assuming zero 

inflow. Sum of component shares should equal 1,000 except for 

rounding errors. 

bPrimary = agriculture and mining 

Industrial = manufacturing and construction 

Utilities = electricity, gas, water, transportation (including 

storage) and communication 
= all other, including government not classifiedServices 

elsewhere 
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mining, in sharp contrast, drops dramatically. The share of "services"
 

(including government) also appears to increase at higher income levels al

work of Kravis suggests that this increase may be more apparent
though t,! 


than real, reflecting price differences rather than a larger 
share of output
 

in real terms (Kravis and others, 1978a, p. 127).
 

The Relationship Between Nominal and Constant Price GDP
 

A constant price measure of GDP such as usually employed by country
 

planners assumes, by definition, unchanging prices during the 
period under
 

As noted already, relative prices do change as a matter of course
review. 


tn the real world, the changes appear to be systematically related 
to level
 

of income and industrial structure, and the price differences 
are greater
 

the greater are the differences in per capita income and 
industrial structure.
 

(that is when
 
When measures of per capita GDP are compared in nominal terms 


they are converted to a common currency using equilibrium or official ex

change rates) a part of this price variability will be allowed 
for, but the
 

GDP measures will lack comparability because of differences 
in the domestic
 

purchasing power of the international currency when both traded and non

traded goods are taken into account.
 

Purchasing power comparability may be imposed in a mechanical 
fashion
 

by repricing all goods and services with a common set of "international"
 

This has been the method followed by Kravis for making comparison
prices. 


among countries and it is somewhat analagous to using an 
"ideal" price index
 

for comparing GDP for a single country at two different periods 
of time.
 

no generally accepted method, however, for permitting normal
There seems to be 


time while assuring purchasing power comparability.
price variability over 
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Two problems arise, therefore, when making longer-run 
projections for a
 

singlo co zury- First, expressing GDP growth in constant 
prices will fail to
 

reflect the "catching-up" process with respect 
to higher income countries.
 

Referring back to Table 3.2, for example, it can be seen that GDP per 
capita
 

In nominal
 
in year 40, when expressed in prices of year 

0, would be 1760. 


terms, however, this would be comparable 
to a country which in year 0 had had
 

The real or constant price growth rate over 
the
 

a per capita GDP of 3667. 


forty years would have been 5.3% per year, 
but the nominal or "catching-up"
 

growth rate would have been 7.1 percent 
per year. Put another way, the Kravis
 

data show that the real (internationally-priced) difference between 
U.S. and
 

Indian per capita GDP in 1970 was about 
14.5:1 (Kravis and others, 1978a,
 

If India were to increase-its nominal 1970 GDP of $99 per 
person
 

Table 1.2). 


In real terms this would
 
by 14.5 times, however, it would reach only $1435. 


represent a complete catching up to where 
the United States had been in 1970,
 

even though the nominal 1970 GDP of the U.S. was $4790 per capita.
 

noted earlier, is that when projections 
over
 

The second problem, as 


time are based upon relationships derived 
from cross-country data, the GDP
 

time series measures must be comparable 
to those used for the original cross-


If India and the United States, for instance, 
are included
 

country analysis. 


in the same cross-country sample at their 
nominal per capita incomes, then
 

the structural change or other statistical 
relationships derived from the
 

sample are only applical to changes over time which are expressed in 
nominal
 

rather than real income terms.
 

To ensure this comparability when nominal 
GDP's have been used as
 

explanatory variables in the cross-country 
analysis (as they have been in
 

the present study), Indonesia's projected GDP growth rate in "real" 
terms
 

1)\ 
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This can be done using a twomust be converted to growth in nominal terms. 


con-
The initial 1970 GDP level in nominal U.S. dollars is 
stage procedure. 


verted to international dollars using the implicit relationship 
between inter

Constant-price projecnational and nominal prices from the 1970 Kravis data. 


the 1970 GDP expressed in international
 tions of GDP growth are then applied to 


prices, and future-year estimates in international prices are then converted
 

back to nominal values using the same implicit relationship 
employed for the
 

first step. In this way, GDP in both international and nominal prices 
may be
 

projected for any year desired.
 

Implicit in the Kravis results is a very strong statistical 
relationship
 

This relationship

between nominal and internationally-priced per capita 

GDP. 


1

follows:


can be expressed as 


.495 + 1.340 ln GDPN ($'70)
In GDPR ($'70) = 
(0.47) (4.03)
 

-. 047 (in GDPN, $'70)2 (3.1) 

R2 .986
 

mean value of the dependent
o 


variable
 

t-ratios are in parentheses
 

SEE - .1092 - approximately 12% 

'Kravis and associates computed the same equation, 
except that country
 

to United States GDP on both sides of the
 
GDPs were expressed as ratios 


They also introduced two
 
equal sign, with comparable statistical results. 


a measure of "openness" to international
 additional explanatory variables, 


trade and a measure of "price isolation" or domestic 
price movements as
 

These two additional variablespricecontrasted with "world" movements. 

are suggested by the theory of purchaing power differences, and they in-


R2 of .98b to .991 ('.ravis and others,
ancrease the statistical fit from 
In the case of Indonesia, however, the addition
 1978b, p. 226, Table 2). 


of these two factors would make a difference of only 
5 percent in estimated
 

Since it would be
 
1970 GDP (Kravis and others, 1978b, Table 4, p. 232). 


difficult to predict how the two factors might change over 
time, they will
 

not be employed when converting projected, constant price 
GDP for Indonesia
 

to real and nominal prices.
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where GDPR ($'70) - real per capita GDP in 1970 "international" dollars,
 
as calculated by Kravis and others (1978a, Table 1.2)
 

GDPN ($'70) - nominal per capita GDP, in 1970 US dollars, con
verted at official exchange rates, from the same
 
source
 

Equation (3.1) shows that real per capita GDP exceeds nominal GDP at
 

nominal income levels up to about US $4,800, and extrapolation of the Equa

tion 13.1) results suggests that above US$ 4.800 per capita real income
 

begins to fall below nominal income.
 

The implications of Enuation (3.1) are further illuminated by the numei4

cal exercise shown in Table 3.6. In these calculations, real income (Column
 

1) is presumed to grow at a constant annual rate of 5 percent. Nominal per
 

capita GDP (Column 3) is seen to grow at rates above 5 percent (Column 4),
 

accelerating until a 9 percent (nominal) annual growth rate is reached between
 

real GDP levels of $3,326 and $5,417 per capita.
 

Thus, although relatively large differences exist between real and
 

nominal GDP at low-income levels, the bias in the growth rate can be expected
 

to be relatively minor at low levels of per capita GDP. The nominal growth
 

rate begins to exceed the real rate by two percentage points, however, by
 

the time nominal GDP reaches about US $600 (in1970 prices, as is the case
 

throughout this discussion).
 

Choice of Per Capita Income Targets
 

The conclusions to be drawn from the preceding analysis are that the
 

relationship bet-een GNP and human welfare is obscure :nd that even our per

ceptions of what constitutes "acceptable" GDP growth raL-s may be bias ,
 

particularly at higher income levels, by systematic price changes occurring
 

during the course of devulopment. Based upon the inter-country evidence so
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Numerical Illustration of the Difference between Real 

Table 3.6. 
and Nominal Growth Rates at Increasing Levels of Per Capita GDP 

Real per capita 
GDP (1970 intei'-
national dollars)a 

(1) 

$2no0$100 

472 

770 


1,254 

2,042 

3,326 

5,417 

yearsIntermediate 

742 


3,680 

4, 8 00 c 

Elapsed years 
from previous
GDP level 

(2) 

10 

10 


10 

10 

10 

10 

Nominal per 
capita GDP
(1970 U 
dollars)% 

(3) 

174 

314 


592 

1,180 

2,530 

6,023 

300 

3,000 

4,800 

Implicit 
annual growthrate, nominal 
per capita 
GDP 

(4) 

5.7 

6.1 

6.5 

7.1 

7.9 

9.1 

assumed to grow at 5 percent per year 
aReal per capita GDP is 

throughout the period. 

bNcminal per capita CDP has been calculated from real per capita 

GDP using Equation (3.1). 

cApproximately equal to the nominal/real per capita GDP of the 

Table 1.2). 
1970 (Kravis and others, 1978a, 

United States in 
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far available, constant-price GDP 
growth rates for a rarticular country 

may
 

progress in achieving parit! 1iCh 
richer countries.
 

iountry's
c 


The nominal GDP growth rate 
exceeds the constant price growth 

rate, in other
 

not all per capita incomes, and 
there may be a tendency
 

words, over most if 


for the divergence to become 
greater at higher income levels.
 

con-

In the case of Indonesia in 

the year 1970, its per capita income, as 


ventionally measured using international 
exchange rates, appeared to 

be about
 

"Catching-up" with 1970 U.S. 
living
 

one-fiftieth that of the United 
States. 


standards would therefore require 
fifty-eight years at an annual rate of 7 percent.
 

This latter rate might seem 
a rather high target for such a long period, 

but
 

for example, is that the corresponding 
"real"
 

the implication of Equation 
(3.1), 


or constant price growth rate 
for a fifty-eight year period 

might be in the
 

order of only 5 
percent per year.1
 

These differences are apparently 
not great at lower per capita 

incomes
 

and will not have much significance 
for Indonesia over the next 

twenty-five
 

taken from World Bank (1976, 
p. 123) data and
 

'The 1970 estimate was 


equals the mean of 1969+1970+1971 
total GDP in US dollars at average 

1967-69
 
current market prices
 

price and exchange rates times the 1970 ratio of GDP 
in 


to GDP in US dollars at average 1967-69 prices and 
exchange rates, divided
 

and divided again by 115.57
 
by 365 (the average exchange rate for 

1970), 


the mid-19
70 population of Indonesia from 

the same World Bank
 

millions, 

These calculations gave a 1970 

(actually, 1969-71 mean) GDP 
per
 

source. 

The corresponding figure for 

1975 in 1970 US dollars was
 

capita of $79. This
 

$102, rounded down to $100 
in this study for projection 

purposes. 

1975 of the 1970 esti

latter estimate was based upon 
the extrapolation to 


mated per capita GDP, using 
constant price GDP series from 

BPS, Statistik
 

Indonesia, 1974/75 (1975, p. 523) and Statistik 
Indonesia, 1976 (1978, p.
 

A more recent World Bank (1977, 
p. 23) source lists 1975 per capita
 

985). 
$220 in 1975 market prices, 

and an unpublished set of
 

GNP for Indonesia as 


national accounts used for 
Five Year Plan purposes in 

Jakarta in the summer
 

the official exchange rate 
of 415:1, would give a
 

of 1978, if converted at *hese large apparent differences 
reflect
 

1975 per capita GDP of about 
$270. 


the fact that Indonesia's domestic 
prices have increased much 

faster than
 

have world prices since 1970 while the official exchange 
rate had increased
 

hardly at all (by 14 percent 
between 1970 and 1972 and not 

at all until late
 

If the 1975 per capita GD? 
were converted to 1975 US dollars 

using
 

in 1978). 

the same inflation rate as 

experienced, say, by the United 
States, the figure
 

would be about $160.
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They should become of greater importance after the turn of the century,

years. 


however, and must be taken into consideration when setting 
the year 2025 and
 

2050 income targets needed for the current study.
 

A broader and more judgmental conclusion; derived from personal observa

tion of real-world target-setting in macro-economic plans 
and model construc

tion, is that the choice of an income target is largely arbitrary. 
The choice
 

is usually not based upon a careful consideration oi che 
steps needed to
 

achieve certain welfare standards, but upon the maximum growth 
that appears
 

consistent with the country's export and foreign assistance 
prospects. For
 

many years, a two or three percent annual per capita growth 
rate was considered
 

a reasonable target, especially when population was also 
expected Lo be growing
 

In more recent years, as the difficulty has become
 at close to the same rate. 


apparent of meeting employment objectives in many countries 
at per capita
 

growth rates of less than four or five percent per year, more explicit welfare
 

considerations have begun to enter the target-setting 
process.
 

In the case of Indonesia, the 1973-2000 growth rate targets 
initially
 

examined by Professor Sumitro ranged from 3.9 percent to 
5.0 percent per
 

capita, and a rate averaging about 4.5 percent was considered 
to be a "rea-


While Professor Sumitro, as already noted, considered
 lizable" possibility. 


a number of welfare goals quite explicitly in his study, no 
attempt was made
 

to link goal attainment with a particular GNP growth rate.
 

World Bank analysts, in contrast, have reached the conclusion 
from a
 

detailed macro-economic model that it would be difficult to achieve Indo

low as those
 
nesia employment goals, particularly on Java, at growth rates 

as 


selected by Professor Sumitro and his colleagues. The growth rate implicit
 

1Sumitro Djojohadikusumo (1975, p. 225 and Table 4B, p. 252).
 r \p 
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in the Bank's 1975 economic report and projections, therefore, was
 

,'.tdr to 7 percent per capita per year for the next twenty years or
 

so (Gupta, 1975).
 

For the current set of projections we have taken Professor 

Sumitro's "realizable" rate as a Low alternative and the Bank's 6.8 

percent Alternative XI(a) as a High alternative. The lower of the two 

growth rates is projected to drop from 4.2 percent during 1975-90 to 

3.6 percent during the next fifteen-year period, averaging 4.0 percent 

for 1975-2000. Each succeeding fifteen-year interval after 1990 is 

projected to experience declining average annual growth rate assumed 

equal to about 85 percent of the previous fifteen-year period. 1 This 

path would result in nominal per capita GDP by the year 2000 of about 

$264, or a little higher than the Republic of Korea in 1970. (See Table 

3.4 and Kravis and others, 1978a, Table 1.2.) By the year 2050, nomi

nal per capita GDP would have reached $2,024 (accompanying a ten

fold increase in real GDP), The nominal year 2050 level would thus 

be close to that of the United Kingdom in 1970 (Kravis and others, 

1978a, Table 1.2). 

Under the "High" alternative, it is assumed that Indonesia would 

reach a real per capita GDP level by the year 2050 comparable to that 

of the United States in 1970. This is accomplished by growth during 

1975-1990 at 6.8 percent per year with the average rate declining in 

each subsequent fifteen-year period by a factor of about 0.7. 2 Nomi

nal per capita GDP under this alternative would have increased to 

$585 by the year 2000, somewhat above the 1970 level for Brazil and 
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1The projected annual growth rates will thus be: 1975-1990 
(4.2%), 1990-2005 (3.6,%), 2005-2020 (3.07o), 2020-2035 (2.6%o), and 
2035-2050 (2.276). 

2Thus, the projected annual rates of per capita GDP growth will 
be: 1975-1990 (6.8,%), 1990-2005 (4.8%), 2005-2020 (3.4%1), 2020-2035 
(2.4,%), and 2035-2050 (1.7%). 

below that of Mexico in the same year. (See Table 3.4 and Kravis 

and others, 1978b, Table 4) As shown in Table 3.4, real per capita 

GDP under the High alternative would increase by more than sixteen 

times during the seventy-five year period, 1975-2050. After about 

the year 2000, per capita GDP under the High alternative is 60-80 

percent more than under the Low alternative. 

Table 3.7 illustrates the differences among the various ways of 

growth. Lines 1 and 4 are analogous toexpressing per capita income 

those with which today's macro-economic planners usually work. Today's
 

official exchange rates give a particular per capita GDP (US $100 in the
 

case of Indonesia in 1970 prices), and this is projected to increase over
 

time at a particular "real" or constant domestic price rate of growth. 

In Line 2 the Line i projections are based not on the official exchange
 

rate for 1970 but on a "purchasing power equivalent" rate similar to
 

that calculated for 1970 by Irving Kravis and his associates using a
 

common set of international prices and under the assumption that the 

index for the United States equals 100. (Recall, however, that such a
 

rate for Indonesia has so far not been directly calculated. The rates
 

used for the Line 2 and 5 estimates have been derived by analogy with
 

the Kravis purchasing power indexes found in 1970 for other low-income
 

countries, principally India, Kenya, and the Philippines.)
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Table 3.7. Per Capita GDP Projections and Assumptions, Indonesia,
1973-2Q5() 

Target Year 

(Annual compound growth rates from the year pre
viously shown areugiven in par ntheses) 

Line 1975 1985 2000 2025 2050 

"Low" Assumption 

1 

2 

3 

Constant-
domestic 
price pro
jection 
Constant inter-
national price 
projection 

Nominal GDP 

$100 
-

290 
-

100 
-

$151 
(4.2) 

438 
(4.2) 

159 
(4.7) 

$264 
(3.8) 

766 
(3.8) 

312 
(4.6) 

$558 
(3.0) 

1,618 
(3.0) 

843 
(4.1) 

$1,000 
(2.4) 

2,900 
(2.4) 

2,024 
(3.6) 

"High" Assumption 

4 	 Constant-domes- 100 193 429 1,008 1,645 
(2.0)
tic price - (6.8) (5.5) (3.5) 

projection 

5 	Constant inter- 290 560 1,243 2,922 ° 4,770 

national price - (6.8) (5.5) (3.5) (2.0) 

projection 
6 	 Nominal GDP 100 213 585 2,049 4,744 

- (7.9) (7.0) (5.1) (3.4) 

Notes: 

Lines 1 and 4 - Constant price projections from 1975 GDP in 1970 
prices, converted to US dollars at 1970 exchange 
rate. "Low" assumption calls for 15% decline in 
average growth rate every 15 years, starting from 
4.2% annual growth rate in 1975-90. "High" assump
tion begins with 6.8% annual rate and declines by 
30% each 15-year period thereafter. See text for 
actual growth rates used each period. 

Lines 2 and 5 - Same growth rates assumed as for constant-domestic 
price projections, but value shown for 1970 has been
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3. 7 (continued)Table 

purchasing
 

adjusted for differences 
in international 


Since a growth rate 
measured in constant 

inter

power. 

national prices 

may differ in practice 
from the same
 

rate measured in 
constant domestic 

prices (see Table
 

implicit assumption is 
made that the rates
 

3.2), the 
some fo~rm ofand 4 are based upon

shown in lines I or aaschethan a Laspeyresindex rather"ideal" 
scheme.weighting 

priced GDP per 
capita
y-


Converted from 
internationall
 

-
Lines 3 and 6 (lines 2 and 5) using 
equation (3.1).
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An attempt has been made in Line 3 and 6 under each assumption to
 

Qonvdrt ch- constant price estimates to nominal GDP based upon the ob

served 1970 system of exchange rates. The assumption here is that in a
 

given year the official exchange rates bear a systematic relationship to
 

the domestic and international prices of goods moving in international
 

trade and that this relationship 4s largely a function of per capita
 

income. This relationship, expressed above in equation (3.1) is assumed
 

The Line 3 and 6 GDP levels are equivato remain constant over time. 


lent to those which would have been measured in 1970, at the various
 

nominal levels of income, using the system of official exchange rates
 

The levels are thus comparable to those
that were in existence in 1970. 


registered by other countries in 1970 at various stages of development,
 

and for this .eason, as already mentioned, they have been termed
 

nominal Gross Domestic Product.
 

Note in particular that the modest "Low" assumption projects
 

only a ten-fold increase in real per capita GDP over a seventy-five
 

year period. In terms that are comparable to the per capita incomes
 

observed among countries in 1970, however, this would be equivalent
 

(Note, too, however, that there is a much
 to a twenty-fold increase. 


smaller difference in the relative increases shown for these two 
mea

surement systems between 1975 and 2000.)
 

Under the High growth assumption, a sixteen-fold increase in
 

constant price terms is projected over the seventy-five year period.
 

The equivalent nominal increase, in striking contrast, would be 
almost
 

fifty-fold. At the higher projected 1975-2000 growth rates under this
 

assumption, the divergence between the two measuring systems would be
 

appreciable cen before the turn of the century.
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Income Targets
of Population Assumptions and

Combinations 

future labor force contribution to economic 
It is probable that the 

Indonesia will be of considerably less importance than will 
growth in 

export markets, and natural 
capital investment, technological change, 

total (real) domestic 
to say, that increases inTis isresources. 

population 
product will not be greatly influenced by difierences in 

may be largely determined per capita GDPAs a consequence,growth. 

among the exd.sting
 

after the fact through the division of realized GDP 

population in a particular year.
 

seen in the previous chapter that the year 2050 popula-

We have 

For 
tion for Indonesia could easily range from 300 to 600 millions. 


that the high per capita in
the purposes of this study we will assume 


probably not compatible with the highest popula
come assumption is 

tion growth rate possibility. (This combination would imply an average 

at 5.9 percent per year, 
real total GDP growth for seventy-five 	years 

An increase of this magnitude
old increase in all. 

or a seventy-four-
4
 

Five other combinations of
 
is probably not realistic to assume.) 

population growth and per capita income assumptions will be investi

to medium popula
gated, ranging from low population and 	low-income 

tioland low-income assurption falls below that of both thelow and 

medium population growth in combination with the high per capita in

along wnh the nominal and 
These combinations,come absumption.) 


are shown in Table 

constant price growth. rates of total GDP 

3.8. 

3.8, in view of the general hazard of indulging 
In prepLrin- Table 

.uc --Ore
the various figures represent
such long-run projections,in 
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Table 3.8. Alternative Combinations of Population and Per Capita GDP 
Assumptions, 2000-2050 

Assumption Annual Growth Rates 
Pou - GUP 1975- 2000
lation lapia 2000 2025 205U 2000 2050 

Population Low - 210 260 300 1.8 0.7 
(x106 ) Med. - 230 335 420 2.2 1.2 

High - 250 410 540 2.6 1.6 

GDP Per Capita
 

At 1970 prices - Low 260 560 1,000 3.9 2.7 
(US $) - High 430 1,010 1,650 6.0 2.7 

Nominal (1970 - Low 310 840 2,020 4.6 3.8 
US$) 	 High 590 2,050 4,740 7.4 4.3-

Total GDP
 

At 1970 prices Low Low 55 146 300 5.8 3.5
 
(US$ x109 ) 	 Low High 90 263 495 7,9 3.5
 

Med. Low 60 146 420 6.2 4.0
 
Med. High 99 238 693 8.4 4.0
 
High Low 	 65 230 540 6.6 4.3 

Nominal 9 Low Low 65 218 606 6.6 4.6 
(US$ x10 9 ) 	 Low High 124 533 1,422 9.3 5.0 

Med. Low 71 281 F48 6.9 5.1 
Med. High 136 687 1,991 9.7 5.5 
High Low 77.5 344 1,091 7.3 5.4 

a 1 9 7 5 population assumed to be roughly 133 millions and per capita 

GDP about US$100. Total GDP was thus about US$13.3 x10 9 in 1975. 
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than rough orders of magnitude. They have been accordingly rounded 

and 3.4. In general,
off liberally from those shown earlier in Tables 2.1 

the "low" population estimate corresponds to the Population Council's 

Li in Table 2.1), while the "high" population is that
Projection 3 (Line 

from Line H2 in the same table. The "medium" population projection 

mean of the low and high estimates.is simply an unweighted 

3.8 are comparable to Lines 	1
The GDP per capita lines in Table 

1975 GDP per capita was roughly U.S. $100 and
and 4 from Table 3.7. 


$13.3 billions. In real
 
total GDP was therefore equivalent to about U.S. 

constant purchasing power equivalent) terms, Table
(constant price or 


suggests that average per capita GDP might increase by two-and
3.8 

one-half to four-and-one-half times by the end of the century and that 

total GDP might increase from four to seven times. 

By the year 2050,the inexorable progress of compound growth, in
 

spite of the sharp declines in annual rates assumed for both population
 

and per capita income after 2000, will possibly have led to far greater 

as already mentioned, couldPer capita GDP in real terms,increases. 


be ten to sixteen times above that in 1975 while total GDP might increase
 

by a factor of from 23 to 52. 

same rela-
Expressed in terms of nominal incomes, assuming the 

as found in 1970,tionships between income and commodity price structure 


By the year 2000, Indonesia's

the increases would be even 	greater, 

as ten times greater than in 1975. A further
total GDP might be as much 

2050
fifteen-fold increase during 	the next fifty years might bring thb 

1975 ratio to almost 150:1. 
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The nominal "1970 exchange rate" figures shown in Table 3 

a'e -reant to be directly comparable to those observed among the 

Indonesia under the low-income and mediworld's economies in 1170. 

um population assumptions would thus reach -atotal (not per capita) 

GDP in 2050 that was close to that of the USA in 1965.1 Under the 

medium population and high-income growth assumptions, total GDP 

might be almost twice the total GDP of the United States in 1975. (U.S. 

turn, was over two times that of the next richesttotal GDP in 1975, in 

country, the U.S.S.R.) 

The Influence of Income Distribution 

To what extent might these results be affected by differences 

Three points can be madeof income distribution within the country? 

The first is an apparent tendencyon this subject. that there has been 

historically for income distribution to worsen during the early stages 

of development, say between per capita GDPs in 1970 prices of between 

on the other hand, seem to$100 and $700. Higher-income countries, 


equitable distribution of income. 2
 

have been able to achieve a more 

The second point is that within any given income range there ap

pears to be large differences in income distribution. Among larger 

countries of less than $300 per capita GDP (1970 prices), for example, 

a number of countries (Pakistan, Bangladesh, Republic of Korea) had 

relatively equitable income distribution in the sense that the top 10
 

no more than 25-30 percent of total
percent of households received 

the other hand, this group of wealthierincome. In the Philippines, on 

while the cornhouseholds in 19'11 received 37 percent of total income, 

/ 
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(in 1970 prices) was $841 billions, ac1965ITotal U.S. GDP in 
to the Council of Economic Advisors (1976, Tables B-6 and 

cording 
B-7, pp. 178-9). 

phenomenon has been attributed by earlier investigators2This 
that in the low-income stages

such as Kuznets and Myrdal to the belief 
in the relativelyconcentrateof development, economic growth tends to 

a worsening of income dis
narrow "modern" sectors, thus leading to 

as between agriculture and manufacturing. It is 
tribution, especially 

that technological pro
only later, "at relatively high levels of income, 

the bulk of the economy and that redistribution through 
gress affects 


transfers becomes significant." See Chenery and Syrquin

incocrc 

(1975, p. 60); and Ahluwalia (1976).
 

to be close to 41 percent
parable tigure in Indonesia was reported 


more
likely that the differences would be even
(Jain, 1975). It is 

striking if mainland China could be included in the comparison. (In 

Taiwan, 10 percent of households were reported to have received 22
 

on the mainland the proscribed

percent of total income in 1972, and 

range of incomes has apparently been limited to relatively narrow 

coun-
See Henle, 1974, pp. 28-33.) Among the middle-incomebands. 


tries, the extremes are even larger. Venezuela and Poland both had
 

1970 per capita GDP in the neighborhood of $1,100, but in Venezuela
 

was received by just 10 percent of the
51 percent of total income 

while in Poland the income shareteconomically active population", 

was only 21 per
received by the wealthiest 10 percent of "workers" 

On the other hand, in the richest countries, such 
cent (Jain, 1975). 

smaller rich nations such 
as Canada and the United States (as well as 

as Denmark and Sweden), the income share gained by the wealthiest 

(In the USA the 1972
10 percent was ordinarily clos-r to 25 percent. 

In the USA, the 1972 
percent was ordinarily closer to 25 percent. 

was 24 percent
figure for households was 28 percent; in Canada, it 

in 1965. See Jain, 1975.)
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The third point is that a more equitable distribution of income
 

would not greatly affect our measures of average per capita income.
 

1Aa&an Zor example, a country with an average income of $1,000 and
 

an income distribution such as Indonesia in which four-tenths of the 

income went to the wealthiest 10 percent of the population. If the in

come distribution of Taiwan or Poland could be achieved, then the
 

poorer nine-tenths of the population would be just as well off at a per
 

capita income of perhaps $760. The latter figure is about three-fourths
 

of the former, but the difference represents less than six years' growth
 

at a GDP growth rate of 5 percent per year.
 

The question will be raised in Chapter 9 concerning the extent to
 

which material consumption may be expected to differ with differences
 

in income distribution. In the meanwhile, it will merely be noted once
 

more that most of our "normal" materials consumption patterns will be
 

derived from cross-country comparisons using nominal (1970 official
 

Because of the-tendency for
exchange rate) measures of per capita GOP. 


income distribution to be systematically related to per capita income,
 

a part of any income distribution effect on materials use may in any
 

case be picked up statistically by the per capita GDP variable.
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STRUCTURAL CHA-.4GE 

The consumption of raw and bulk materials is related to the
 

production of intermediate and finished goods and *ervices. These 

in turn are functions of country size, levels of living, and the
 

rate 'of economic growth. As per capita income increases, the
 

consumption of manufactured goods and the consumption of servi

ces (trade, transportation, conpunication, business services,
 

etc.) typically grow faster than does the consumption of agri

cultural goods. The rate of economic growth at any time is at
 

least partly determined by additions to capital stock, and this
 

will largely determine the consumpticn of producers' durable
 

equipment (both new and replacement), buildings, plant and eco

nomic infrastructure.
 

seen as
Conceptually, the consumpticn of materials can be 


derived from the demand for, in increasing order of remoteness
 

from the raw material base: semi-finished goods, finished goods, 

intermediate and final services, additions to capital stock; and
 

final consumption by private consumers and by government. The
 

situation is complicated by possibilities for foreign trade and
 

inventory changes at most steps in the process and by the fact 

of circularity throughout the system in the relationship between 

supply and demand. (That is, f6r example, the demand for con

orestruction materials will lead to a demand for steel and irr% 


but this, in turn, will create an additional dema'nd for construc
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tion materials will lead to a demand for 
steel and iron ore but
 

this, in turn, will create an additional demand 
for construction
 

The materials demand situacion is illustrated 
sche

materials.) 


matically in Figure 8.1.
 

This study deals with the consumption 
of bulk materials
 

(crude steel, paper pulp, washed-and-cleaned 
coal) rather than
 

(iron ore, pulp wood, run-of-the-mine 
uncleaned
 

raw materials 


coal) partly for statistical convenience, 
partly in the interest
 

of dealing with more homogeneous products, 
and partly because the
 

consumption of bulk materials tends 
to be geographically closer
 

to final demand. The relationship between a bulk material 
and
 

its chief raw material constituents 
are usually fixed, however,
 

and thus it is relatively simple to calculate 
the implicit iron
 

ore consumption of a given grade, 
say, that has been incorporated
 

in each ton of crude steel consumed 
by an economy.
 

The most accurate projections of raw 
materials will be ob

tained from precise predictions of 
bulk material production.
 

Bulk material projections will be 
most accurate when the demand
 

is known for the good or service at 
next higher stage of produc

tion or fabrication. One widely-uced and relatively accurate
 

projection method for the short run, 
for example, is to project
 

the consumption of automobiles, glass 
bottles, electric energy,
 

railroad transportation, and other 
individual items and groups
 

of items, on the basis of population 
and per capita income growth.
 

If desired, any particular basket 
of final or semi-final goods
 

and services can be analyzed further, 
using various technical
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Figure S.1
 

Schematic Illustration of Steps in Demand for Raw Materials
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coefficients and relationships, to discover the 
quantities of
 

bulk and raw materials needed for the production 
of the goods in

volved.
 

In the longer run it is fairly clear that new 
goods will be
 

invented, older goods will be transformed 
drastically, and tech-


An audacious
 
nical production relationships will be altered. 


analyst with an unusually perceptive crystal 
ball will occasion

ally venture a guess about the direction 
and magnitude of these
 

Such a study, for example,
changes 25 to 50 years in the future. 


has been made for the United States extending to the 
year 2000,
 

and the raw materials consumption implications 
of these projec

a guide to materials
 tions have been used by its authors as 


consumption elsewhere 
in the world.

1
 

An alternative projection approach is to work with broader
 

economic aggregates such as the usual 
"industrial" divisions of
 

gross domestic product (agriculture, mining, manufacturing, utili

ties, transportation, other services) and 
to establish links be

tween the value added or output of each 
of these sectors and the
 

Sectoral projec
probable consumption of individual materials. 


can then be made using various techniques 
or combinations
 

tions 


These will ordinarily include time trend 
projec

of techniques. 


tions, analogies with the experience of 
other countries, or the
 

employment of special knowledge about the 
particular economic,
 

social, or resource characteristics of 
the country in question.
 

1Ridker and Watson (1979). The materials projections are
S 


discussed further in Chapter 5.
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Once long-run estimates have been made of broader sectoral out

puts, technology-based reasoning may be used to guess at the
 

amounts of steel, petroleum, lumber, and other bulk materials
 

that will be required by each sector.
 

The assumption behind this latter type of projection is that
 

although we may not be able to predict precisely what goods 
and
 

(or how each will be
services will be consumed in the future 


it will be possible to say something about broader
produced), 


agglomerations of goods, and these agglomerations, on the average,
 

will not be as affected by change in material composition over
 

(for example) the output of individual manufacturtime as may be 


ing sectors.
 

A related technique that is applicable to projecting the
 

future of today's poorer countries is to assume that as they 
grow
 

richer over time, their consumption patterns will approximate
 

that of today's more affluent countries. This is essentially
 

the technique that has been used for the current study of 
Indo-


It does not give much credit to possibilities for future
nesia. 


substitution among materials and says, in effect, that the major
 

future force shaping materials' consumption will be population
 

and economic growth plus future structural changes in 
both.
 

These, in turn, will be similar to those experienced in the past
 

and which can be observed among countries at various income 
levels
 

in the world today. Changes in population, particularly the shift
 

industry and from rural to urban locations,
from agriculture to 


The present chapter deals with the
 were discussed in Chapter 2. 
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analoqous changes that can be expected over time in the structure
 

of economic activities.
 

It should be noted at this point that the possibility of
 

future price changes in material costs can affect the analysis
 

in two ways. Where we suspect that the price of one class of
 

material, say aluminum, will rise less rapidly in the future than
 

another class of partially competing material, say copper, we can
 

argue that our projection of aluminum consumption, based as i.t
 

will be upon the historical relationship between material use
 

and economic structure, will probably be too low and that for
 

copper too high. (A time-trend analysis of the markets for alumi

num and copper, which this current study has not employed, would
 

do a better job of reflecting this phenomenon since there has
 

already begun to be considerable substitution of aluminum for
 

copper.) Where prices in raw materials rise in general, relative
 

the prices of all other goods and services (chiefly human labor),
to 


substitution among materials may be less important than would be
 

the reduced use of all materials.
 

Another way to put this latter point is to note that personal
 

income or product would be reduced by the increased amounts of
 

labor and capital expended on materials production. It is assumed
 

that this "income effect," reflected by a retarded growth rate in
 

per capita domestic product, would account for all or most of the
 

reduced material consumption. The projected future relationship
 

between per capita income and per capita balk materinl. consump

tion may be reasonably accurate, in other words, but a general
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increase in materials prices may mean that our projections of the
 

future increases of per capita income (and hence of per capita
 

uialIs )shave been overly optimistic.
 

There is one further assumption of possible importance that
 

may be contained in the notion that today's poorer countries will
 

duplicate the consumption patterns of today's richer countries
 

at some time in the future. This is that changes in income
 

distribution will occur in the future as 
they have in the past.
 

if consumption patterns (with respect to raw material use) are
 

affected by the degree of income inequality in the population,
 

then any change in historical trends in income distribution could
 

cause serious biases in future commodity projections. This is
 

not to say that such changes appear imminent. There has been
 

increasing public concern, however, about the uneven distribu

tion of the fruits of development, and it is possible that these
 

concerns might be translated into effectivE income-equalization
 

policies in some countries. For this reason the link between
 

income distribution and economic structure will be examined fur

ther in the following section.
 

A Macro-Economic Model for :ndonesia
 

The current study of longer-run Indonesian growth has been
 

fortunate in beiAg able to draw upon economic modeling studies of
 

Indonesia which have been underway for a number of years at the
 

World Bank. One recent Bank product is a very detailed and am

bitious macro-model executed by Dr. Syamaprasard Gupta and his
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assistant, Ellen Andersson (Gupta, 1975, 1977). The model was
 

de-eloped in conjunction with 1974/1975 Bank economic studies of
 

Indonesia, and it has been further refined and improved since then.
 

The Gupta model places particular emphasis on the relation

ships among economic and population growth, income distribution,
 

and employment.2 It can be used to project major economic vari

ables as well as to give a quite detailed rendition of likely
 

income distribution by productive subsector. Different policy
 

alternatives, foreign, aid constraints, and technological possi

bilities may be taken into account.
 

The model contains approximately 700 equations, many of them
 

non-linear, which are used to simulate activities from year to
 

year. (In the computer runs under discussion, base yezr data
 

were for 1973, and calculated output was obtained for each subse

quent year until 1997.) Each year's solution depends on current
 

and preceding values of variables but not on future values. Fig

ure 8.2 shows a broad and somewhat loose overview of the various
 

equation blocks that make up the model.
 

The production or output block forms the heart of the model
 

and is the most important from the viewpoint of materials con

sumption. The output of each of twenty-four sectors is either
 

demand or supply constrained or is determined exogenously. Oil
 

is not considered an integral part of the model except insofar
 

as earnings of the oil sector contribute to government revenues
 

2This section draws heavily upon a working paper by Sudeep
 
Anand (1975).
 

'I 
.75 
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and foreign exchange earnings from 
oil increase total exports.
 

Investments and imports of the oil 
sector are assumed to be self-


See
 
financing; hence the oil sector represents 

only a net flow. 


Table 8.1 for a list of the production sectors 
and the principal
 

output-determinant for each.
 

Production of the various sectors 
is coupled with the output
 

of a population submodel to determine 
employment and income dis-


Income is then divided into savings 
and consumption.
 

tribution. 


Consumption is further divided i.nto food and other goods based
 

upon fixed expenditure elasticities 
for the various income groups.
 

Savings form a pool of investable 
funds which feed back into th
 

Imports and exports essentially 
balance
 

production process. 


domestic supply and demand, and 
import-substituting production
 

may be increased over time to compensate 
for shortfalls in foreign
 

Prices are computed, partly with 
the help of a
 

capital inflows. 


small input-output table, mainly 
on the basis of production costs.
 

Manpower which cannot be absorbed 
in regular production activi

ties at the normal labor-use relationships 
is allocated to a very
 

There are also "pub
low productivity "labor absorbtion 

sector." 


that
 
lic work" and "traditional industry" 

sectors in the model so 


the labor absorbtion sector essentially 
represents the redundant,
 

make-work activities of low or 
zero marginal productivity, which
 

may be created from necessity on 
the fringes of the agricultural,
 

trade, and service sectors.
 

Although materials balances are 
computed within the model
 

for most commodity-producing sectors, 
the model results cannot be
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Table $.1 

Constraints on Zectoral Outputs,
 

Gupta:-'acro-'conomi c :.odel for Indonesia 

Identi
fication 

.muber Sector ;;are 

I. Supply-constrained sectors
 

203 :ree cro-s 
240 4ce 
2"CL Cthr Agriculture 

540 Cap ital Goods K'arufactirin. 
542 intermedi_°t Ooods Manufacturing
.544 onsum-tion Good,3 ,anufacturin:t, Capital Tntensive 
545 Consun'tjon goods .anufacrurir.;, labor inten3ive 

267 Labor Absorbins Zectors: A. ricu.ture, -'rade, 
Zervice~s

,IBM 
i. Derand-constriined sectors
 

Vegetablesa323 
32LL Livestockb 
206 Fisheries 

250 2ra de
 
251 Transportation

252 3anking and Frofs.ional Services 
530 Cther 3usiness and .ersonal ierviczs 
243 Construction
' 254 Electricity
 

..
a46 Tradi ional anufacturin.:
 

U III. Z3;ogenously determined sectori! output 

2C5 Fcrestry 
311 Petroleum
 
27 Hard minerals
 
253 Public Administration
 
25" Dwellings (services) 
272 eublic '*orks 

aU-ner limit to annual ro,th rate of 3 :er cent asu-ed to resultfrom land (supply) constrint.
 

b~e,*^ . ~ L -
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used directly to estimate future 
consumption requirements of the
 

major non-food bulk materials. 
The projection task is assisted
 

considerably, however, by the availability 
of output estimates
 

for the more important materials-consuming 
sectors such as manu

facturing, construction, electricity 
and transportation.
 

Two features, on the other hand, 
handicap the model for use
 

in long term natural resource projections. 
The first is that the
 

Although when
and medium-term model. 
model is basically a shyk 


given a rather small amount of 
exogenous information, the model
 

can mechanically project sector 
outputs for many years into the
 

future, the projections have tended 
to show accelerated GDP growth
 

Since, as noted below, most runs 
of
 

fifteen years.
after ten or 


to yield relatively high growth
 
the model have been made so as 


rates over the next 10-15 years, 
further increases beyond that
 

Some work has gone into
 
point can easily become questionable. 


to produce more reasonable results
 
trying to tailor the model so 

as 


summer of 1976 the results were still
 
in the longer run, but by the 


not convincing.
 

The second difficulty, which 
could have been corrected in
 

time, is that the model has been 
used chieifly to explore the ef

fect of alternative economic policies 
(and of alternative assump

tions about the future) within 
a rather narrow range of economic
 

These tend to be the rates within 
which a medium
 

growth rates. 


run solution of Indonesia's employment 
problem is feasible, and
 

It is
 
the economic growth rates thus 

turn out to be rather high. 


quite possible that the resulting 
rates (ranging from 5 to 8 per
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cent per year for per capita 
GDP) will in fact be achieved 

by
 

so far do not cover a wide
 
Indonesia, but the model results 


enough range of growth rate 
alternatives to fully explore 

the
 

(via sectoral outputs) and
 
relationships between material 

use 


The high growth rates in the 
near term,
 

overall economic growth. 


noted above, also tend to 
be followed by even faster 

economic
 
as 


If Indo
growth rates toward the end 

of the 1973-1997 period. 


nesia's current, oil- and forestry-assisted growth 
rate spurt
 

fifteen years, one might then
 
should continue for another 

ten to 


argue on the basis of historical 
experience of other countries
 

that some decline in the growth 
rate, say to three or four 

percent
 

increase annually in per capita 
income, might be more realistic
 

than further acceleration.
 

The projection task, therefore, 
becomes one of finding a
 

method for extrapolating the 
Gupta model results into the 

more
 

distant future at slightly 
lower and possibly more realistic
 

This task can be approached 
by first comparing
 

growth rates. 


model results with those derived 
from cross-country statistical
 

If the two sets of estimates 
agree or bear predict

comparisons. 


able relationships with one 
another, then projections 

based upon
 

past inter-country comparisons 
can be used to modify or 

supple

ment those from the World 
Bank country-specific model 

for Indo

nesia.
 

The Gupta macro-model was 
designed to give special 

attention
 

to income distribution, and 
to some extent it can be 

used to
 

investigate differences in 
production arising from differences
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Household savings and tax collections
in income distribution. 


are affected by income distribution in the model as also 
may be
 

the demand for most agricultural goods and for manufactured 
con

a whole (Gupta, 1975, p. 42). On the
 
sumption goods taken as 


other hand, much of the demand information by income 
classes is
 

Domestic demand effects, in addition,

weak or highly aggregated. 


may have a greater influence on imports than on domestic 
produc

tion in those several cases where supply constraints 
are the prin

cipal determinants of output levels.
 

In this connection two of the special runs made by 
Dr. Gupta
 

on behalf of the present study are of particular 
interest. "Alter

native III" of January 1976 incorporated income 
redistribution
 

policies in an attempt to simulate a moderately equitable 
income
 

0.364). The improved income
 
distribution (1985 Gini coefficient: 


(which

distribution in contrast to that of the Basic Alternative 


had no assumed transfer payments to redistribute 
income and a
 

led to a 13 persignificantly higher Gini coefficient of .569) 


Cumulative
 
cent lower rate of national savings (see Table 8.2). 


investment during 1974-84 was consequently lower 
under Alternative
 

8.2 percent as opposed to
 III, and the annual GDP growth rate was 


8.5 percent for the Basic run.
 

The savings, investment, and GDP growth rate 
differences
 

become even more pronounced during 1)85-1995, 
partly because
 

average income for the lower income groups under 
the Basic Alter

native fall to what would probably be politically 
unacceptable
 

The ratio between average income in the highest 
and
 

levels. 




8-15
 

Table 8.2
 

Structural Differences Associated with Two Variants of
 
Inzowe Cistribution, World Bank (Gupta) Macro-4ooel for
 
Indonasia° 1985 and 1995
 

Variable 1985 1995 
No. Basic Alt III Basic Alt III 

450 Gross Domestic Product, 16.996 16.553 37.832 33.534 
+318 1973 Rupiah x 10' 
-302 Average per capita 

income, .000 rp. 

567 Class 1 8.9 19.0 7.5 18.5 

568 2 22.7 49.5 18.8 48.7 

569 3 98.1 103.5 112.1 117.7 

570 4 271.8 183.7 460.3 345.7 

(570) 
-(567) Ratio, class 4 to 

class 1 30.5:1 9.7:1 61.4:1 18.7:1 

393 Gini coefficient .569 .364 .635 .501 

Value added in: (Rp x 109) 

240 Rice growing 12C5 1205 1622 1622 

323 Vegetables 1220 1031 1845 1733 

234 Total agriculture 4960 5044 8823 8570 

546 Traditional manu
factures 286 354 466 577 

544 Manufacture of con
+545 sumption goods 1325 1162 2637 2122 

All manufacturing 2578 2353 7350 5932 

248 Construction 793 715 2142 1710 

280 Total investment 4131 3694 11495 9266 

499 National savings 3260 2829 - 7418 

Source: World Bank, unpublished computer printouts of Janu
ary 6, 1976; see also Gupta, 1977.
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lowest of four income groups is 30:1 in 1985 under the Basic Alter-


As shown in Table 8.2 the cornative and rises to 61:1 by 1995. 


to .635. In con
responding Gini coefficient increases from 

.569 


trast, under the alternative incorporating 
redistribution poli

cies the ratio of Class 4 to Class 1 average 
incomes increases
 

from 9.7:1 to 18.7:1, and the Gini coefficient 
rises a comparably
 

As a consequence, under the Basic run domestic
 lesser extent. 


are greater, and gross investment during 
1985-95 exceed
 

savings 


The growth rate of GDP
 
that for Alternative III by 26 percent. 


a full one percentage

for the Basic run during this period is 


point higher than for Alternative III 
(8.3 percent per year under
 

the Basic case as opposed to 7.3 percent 
under Alternative III).
 

Although the income deterioration observed 
in the Basic
 

Alternative is undoubtedly unrealistic, 
what is important for
 

the present discussion is the e-timated effect on industrial
 

According to the Gupta
 
structure of such an extreme outcome. 


model under consideration, the differences 
between the Basic and
 

the Income Redistribution Alternatives 
with respect to the share
 

of industrial output (and hence, presumably, 
of bulk material
 

A more equi
consumption per unit of GDP) are relatively 

minor. 


table income distribution is associated 
with a slightly higher
 

proportion of GDP originating in agriculture, 
increased absolute
 

production of traditional manufactures, 
and lower absolute and
 

relative production of domestic manufactured 
consumer goods and
 

The major differencas between the
 construction (see Table 8.2). 


The share
 
two alternatives reflect the GDP growth 

rate factor. 
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of GDP components relative to total GDP (in other words what is
 

meant by 'structure" in the current chapter) did not differ in
 

most cases by more than a percentage point of two.
 

Because of data inadequacies and aggregation problems, how

ever, the full effect of income distribution on industrial struc

ture cannot be completely described in the Gupta model for Indo

nesia, and further study of this important topic is needed.
 

Cross-country Comparisons of Structural Change
 

Hollis Chenery and several colleagues have over the years
 

done more than anyone else to explore how sectoral growth varies
 

among countries with level of economic development. In his ear

liest article on the subject, Chenery statistically "explained"
 

inter-country differences by using two measures of country size:
 

population and national income (Chenery, 1960). The model was in
 

logarithmic form and implied, for example, constant income elas

ticities among countries of per capita value added with respect
 

to per capita national income. It was also assumed that the elas

ticity of per capita value added would remain constant with re

spect to country size (as measured by number of inhabitants) over
 

the 51-country sample population range of 0-85 to 358 millions.
 

In the most recent and sophisticated treatment of the sub

ject, Hollis Chenery and Moises Syrquin have added to the two
 

earlier explanatory variables (population and per capita income)
 

the square of the logs of the two variables, a foreign capital
 

inflow variable, and a time trend (Chenery and Syrquin, 1975).
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Separate statistical analyses, furthermore, have been made for
 

different countries grouped according 
to their main pattern of
 

resource allocation, namely: large countries with balanced allo

cation, small countries with specialization 
in primary products,
 

and small countries with specialization 
in industry (Chenery and
 

A "small" country for these purposes 
was
 

Syrquin, 1975, p. 4). 


defined as having less than 15 million 
inhabitants in 1960 (Chen-


Other differences were that
 
ery and Syrquin, 1975, p. 67-68). 


a share of GNP rather than
 
the dependent variable was measured 

as 


in per capita terms and per capita 
GNP replaced per capita national
 

income as an independent variable.
 

The log-quadratic form of the per 
capita income term in the
 

Chenery-Syrquin equations has the 
important effect of permitti
 

income elasticities to change as 
per capita incomes increase and
 

to yield in effect an approximate 
S-shaped curve with asymptotes
 

a
Variable income elasticity is 

at high and low income levels. 


widely observed empirical phenomenon 
which has already been noted
 

The
 
under the discussion of agricultural 

demand in Chapter 6. 


log-quadratic form of the population 
variable is less easily
 

justifiable on theoretical grounds 
although empirically it is
 

very useful in accounting for differences 
between India and coun-


The foreign capital vari
tries with much smaller populations. 


able was important statistically 
(although generally far less
 

important quantitatively because 
of its ordinary small magnitude),
 

but the effect of the dummy time 
variables (representing the five
 

year periods between 1950 and 1970) 
was mixed.
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The authors concluded that "the hypothesis that continuous
 

structural change is related to the growth of income is 
better
 

supported by our statistical analysis than is the alternative
 

hypothesis that different structural relationships characterize
 

developed and developing countries (Chenery and Syrquin, 
1975,
 

The logistic or S-shaped nature of the statistical
 p. 135). 


function reflected the tendency of most structural 
measures, such
 

as the ratios of savings or sectoral output to GNP, 
to exhibit
 

more rapid change over certain levels of per capita 
income and
 

much less varia lon with income at either very low 
or relatively
 

high levels of per capita GNP (Chenery and Syrquin, 1975, p. 8).
 

It should be noted in this connection that per 
capita GNP levels
 

were measured using official exchange rates, with 
some minor
 

modifications in selected cases, and thus take no account of the
 

changes of purchasing power which seem to also 
occur during the
 

course of development (see the discussion of this 
phenomenon in
 

The authors provide an explicit, technical discus-
Chapter 3). 


sion of the exchange rate conversion problem and 
recognize that
 

purchasing power biases exaggerate apparent income 
differences
 

between rich and poor countries (Chenery and Syrquin, 1975, p.
 

145-146 ff.).
 

Chenery and Syrquin (1975, p. 152) conclude, however, "that
 

while the systematic bias in national income 
converted at official
 

exchange rates is a well-established phenomenon, there is not at
 

present any preferred alternative." Furthermore, these distor

likely to change systematically in the future 
just as
 

tions are 
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they have in the past as the relationships between traded and non

traded goods have shifted with the growth of real income. It
 

can be argued therefore, the authors continue, "that the uncorrec

ted estimates of statistically-determined coefficients are the
 

more relevant, even though they combine both quantity (real) and
 

price effects." For some purposes this latter argument is accept

able, but when the statistical coefficients are used to project
 

changes in economic structure over a long period of time, one
 

must be sure (as pointed out in Chapter 3) to employ an "inter

nationally comparable" growth rate of income rather than one in
 

which price relationships are kept equal to those of some base
 

period.
 

Structural Change Comparisons: Macro-Model vs. Cross-Country
 

The Chenery-Syrquin equations may be used to project near

term structural characteristics of the Indonesian economy, and
 

these may then be compared with similar measures obtained from
 

the World Bank macro-economic model discussed earlier. 3 Such a
 

comparison is shown in Table 8.3 for the years 1974 and 1985.4
 

3The Chenery-Syrquin equations used for this comparison have
 
had the time variable suppressed and relate to the "large country"
 
(population in 1960 beyond 15 million) sample. See Carter {1973).
 

4Compare with Gupta (1975, Appendix III). For the first
 
published report of Dr. Gupta's World Bank model, the "basic"
 
solution was extended only to 1985. GDP growth rate between
 
1974 and 1985 came to 8.4% per year excluding the oil sector and
 
8.2% when oil GDP (variable 311, GDPOIL, from Appendix VI, same
 
source) is included. These growth rates are based upon "real"
 
GDP in 1973 prices and factor costs. in market prices the growth
 
rate would be 8.8 annual, oil included. At the low per capita
 
incomes and the relatively short time period involved, the nominal
 

*1 
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The macro model referred to in Table 8.3 is the "more equitable
 

income distribution" variant (Alternative III) discussed above.
 

_:x both 1974 and 1985, the cross-country result- produce
 

higher estimates of industrial GDP (manufacturing, construction
 

and public works) than does the macro model, but the percentage
 

For utility value added (elec
difference decreases over time. 


tricity and transportation) the differences are in the 
same direc-


For industry
tion but increase rather than decrease over time. 


the macro model reflects the initial level of Indonesian 
indus

low by world standards even after taking
trial activity which was 


Over time industrial
into account the low average income levels. 


output could be expected to make up for the initial small 
size,
 

fact shows that the 1985 level might be
and the macro model in 


In the case
that based on cross-cuuntry norms.
som(wha: closer to 


of the expansion of utilities output, the problem may 
lie in the
 

macro model's projection of electricity production. Electricity
 

growth rate per capita is projected at only 12.0 per 
cent per
 

(implying a per capita income elasticity of 2.1), but per

year 


to 20 percent per year probably would be more
 capita growth of 17 


4 !continued)
 
would be only moderately
GDP growth rate (from equation 3.'.) 


higher, 9.7 percent per year, than the constart price 
growth rate
 

For the market price GDP measures, constant
in market prices. 

price indirect taxes (variable no. 318, INTXCO) were added and
 

(variable 302, GSUBCO) subtracted from
 constant price subsidies 

The values of variable 302 ara 318 were


GDP in factor costs. 
 The "Alter
furnished by Dr. Gupta from unpublished machine runs. 


values shown in Table 8.3, also from unpublished manative ili" 

chine runs, suggest a 1974-1985 GDP growth rate of 

8.2% per year
 

in market prices, or significantly less than the original "basic"
 

solution.
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Table 8.3
 

Comparison Between 4acro model and Chenery-Syrquin
 
Projections of Various Structural Characteristics
 
of the Indonesian Economy, 1974 and 198b
 

1174"98
 
m1acro 

.odel 

I. 	Macro-model values used
 
for Chenery-Syrquin pro
jectionsa
 

Population, millions 129.0 


Per capita, market prices
 
1973 rupiahs 53,922 

1910 U.S. dollarsb 95 

1964 U.S. dollarsc 80 


Ratio foreign capital/GDP .063 


II. 	 Projected va ues, billion 
1973 rupiahsA 

A. Primary value added 3.270 

(or which: Agriculture) (2.770) 


B. Industrial value added 942 

(of which: Manufacturing) (647) 


U. 	 323
ttilities value added 
(of which: Electricity (47) 

Transportation) (276) 

D. Services 	 2.598 


E. Total Capital Investment 1.287 


F. National Savings 	 850 


CHeer- Macwro"-Wenery-
S r...oel _ISrn
 

129.0 167.5 167.5
 

95,075
 
167
 

80 1.41 141
 

.063 .054 .054
 

3.360 6.249 5.829
 
(5.044)
 

1.099 3.293 3.551
 
(2.353)
 

341 870 1.003
 
(213)
 
(656)
 

2.191 5.962 5.606
 

1.016 3.694 2.946
 

584 2.829 2.118
 

aPopulation and GNP values used for the Chenery-Syrquin pro
jects have been taken frcm the B3RD macro model (variables no.
 
379 and 526).
 

bConverted from 1973 rupiahs at an exchange rate of 569:1.
 

This is the rate which, when applied to the IBRD base period
 
data for 1973, gives a 1973 per capita GDP in 1970 prices of
 



Table 8.3 (continued)
 

US$ 1I!:063 nillions. The latter, in turn, is derived from the
 

1970 rpa GOP, the average 1970 exchange rate, and the 1973/
 

1970 constant orice GDP increase found in World Bank (1976, p.
 

123).
 

CAssues a 2.9% annual decline in the value of the U.S. dol

lar between 1964 and 1970, based on the respective GNP price de

flators for United States export earnings.
 

dThe actual equation coefficients used for these computa

tions were:
 

Coefficients
2 (In
Dependent 

variable as 
ratio to GNP Interceot 

.. 
In GNP 

POP 

. 
In GNP2 

P In POP POP-) F 

Agriculture + 

Mining VA 2.4760 -.5119 .0316 -.1473 .0161 -.3453 

Manufacturing 
+ construc
tion + public 
works -.9661 .2898 -.0175 .0797 -.0093 .3569 

Transportation 
+ Electricity 
+ Gas & Water -.0667 .0585 -.0037 -.0293 .0032 -.0498* 

Services -.4434 .1635 -.0103 .0969 -.0099 .0383* 

National Sav
ings -.3346 .2198 -.0161 -.0832 .0093 -.8100 

Gross Invest
ment -.3418 .2187 -.0160 -.0802 .0090 .2061 

10% level.
*Not statistically significant at 


Where GNP = gross national product in 1964 US dollars
 
=
POP mid-year population
 

F = ratio of net foreign capital in flow (equals imports
 

of goods and services, both factor ?nd non-factor,
 
minus exports of same) to GNP
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Table 8.3 (continued)
 

Source:
 

Macro model: Gupta (World Bank) macro model for Indonesia,
 
high fertility and high mortality variant with income distribu
tion adjusted to approximate that of the 1975 IBRD economic re
port on Indonesia; machine runs of January 7, 1976, Alternative
 
IIl.
 

Chenery-Syrquin: Regression equation taken from "large coun
try" samples, Carter (1973, Table II). See also Chenery and Syr
quin, 1975.
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likely if per capita income growth rates were to reach close to
 

six pa-,eit annually as implied by the macro model solution in
 

for estimates of electricity demand
question. (See Chapter 11 


derived from cross-country comparisons.)
 

Value added calcul.ated from cross-country equations for the
 

service sector in lcge countries is 16 percent less than the
 

macro-model results in 1974 and 6 percent less in 1985. The
 

macro model and Chenery-Syrquin results for "primary" output are
 

similar for 1974, but the macro model gives higher results for
 

1985. The latter, however, should be expected because the in

creased value of petroleum will give Indonesia a higher-than

normal primary value added.
 

A more significant difference from the viewpoint of mater

ials consumption occurs in the estimates of fixed capital forma

tion. The cross-country-based estimate is much lower than that
 

from the macro model. This is because the cross-country "normal"
 

investment is consistent with a "nozmal" GDP growth rate of 5-6
 

percent per year. Indonesia, however, grows at over 8 percent
 

annually between 1974 and 1985 according to this macro-model pro

jection and therefore requires that a considerably higher propor

tion of GDP be allocated to capital investment.
 

Another way to view the differences between cross-country
 

to note that the latter does a
and macro-results for Indonesia is 


superior job of incorporating effects resulting from "abnormally"
 

These

large oil revenues, especially in the short and medium run. 


oil revenues are assumed to increase 1985 GDP by about $12 per
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capita (in 1970 U.S. dollars). Domestic manufacturing output and
 

perhaps transportation take time to adjust 
to the oil-inflated
 

average income level and are more nearly 
compatible, in terms of
 

international norms, to incomes without the additional 
oil reve

nues.
 

In the longer-run, however, it is anticipated 
that Indonesia's
 

economic growth rate will drop to more 
normal levels and that its
 

industrial structure will adjust to whatever 
per capita income
 

actually achieved. Thus, cross-country-based estilevels are 


mates of bulk materials consumption (based for example on a
 

Chenery-Syrquin type of estimating equation) 
might tend to under

estimate Indonesian consumption while 
GDP growth rates are very
 

high (because of the underestimation of the 
materials needed for
 

GDP growth rates
in the longer run, as 
fixed capital formation). 


become more normal, the estimates of bulk 
material consumption
 

should improve.
 

(In practice, we may expect that the correspondence 
between
 

cross-country and macro-model based estimates 
of bulk material
 

This is because much of the
 
consumption would be even closer. 


material used for the abnormally high 
medium term capital invest-


As such it would not
 
ment would be imported in fabricated 

form. 


be included in our measure of "bulk materials." 
Cross-country
 

estimating equations for bulk materiai 
consumption are discussed
 

further in Chapter 9.)
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Proections of Longer-Run Structural 
Chane
 

ctiofs of Indonesian industrial structure are 
shown in 

Both the low and high popula-
Table 8.4 through the year 2050. 


are shown, implying a year 2000
 tion assumptions from Table 3.5 


population of 210-250 millions and 
a year 2050 population of 300-


Nominal per capita GDP assumptions 
have been taken
 

540 millions. 


The lower assumption gives a
 
from the same table in Chapter 3. 


(1970 prices and 1970 exchange
 
per capita income level of $310 


The higher assump
rate relationships) in 2000 and $2020 in 2050. 


tion yields a $590 per person average 
in 2000 and $4740 by 2050.
 

For ease in comparison, all industrial 
structure measures are
 

For the year 1995,
 
a fraction of Gross Domestic Product. 
shown as 


published results are given from 
the "high mortality, high fer-


These are included for the sake
 
tility" macro-economic results. 


of completeness even though they 
show the typical model tendency
 

(For this
 
towards accelerated growth after 

fifteen years or so. 


particular run of the Gupta model, 
GOP growth rates in constant
 

market prices averaged 8.2 percent 
per year between 1974 and 1985.
 

The rate fell to 6.4 percent between 
1985 and 1990, but then rose
 

and 1995.)
 
to an average of 8.0 percent between 

190tC 


machine run of 7/3/75. This
5Gupta (1975, Appendix VI), 


run is meant to represent the 
computer simulation results 

for
 

as defined on page 58 of the main text and
 
alternative "XI(c)" The results from this
 

p. 30-31, of Appendix iv. 
in Table 28, 

alternative summarized on p. 34 

of Ap~endix IV, however, show
 

minor differences, especially 
with regard to population charac

teristics, when compared with 
the full printout from Appendix
 

VI. 
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Table 8.4
 

Alternative Projections of Longer Run Structural
 
Change, Indonesia, 1974-2050
 

Projection
 

assumptions 


I. Data used for making projections
 

A. Population assumptions
 
(millions)
 

Low (L) 

Hiqh (H) 

Macro model 


B. Per capita GNP, market
 
prices, 1964 US$a
 

Low (L) 

High (H) 

Macro model 


C. Ratio to GNP of Net
 
foreign capital 


II. Projected structure, ratio
 
to GDP, based on ghenery-

Syrquin equations
 

A. Primary value added
 

Low pop, low GDP (LL) 

Low pop, high GDP (LH) 

High pop, low GDP (HL) 

High pop, high GDP (HH) 

Macro model (macro) 


B. Industrial value added
 

Low pop, low GDP (LL) 

Low pop, high GDP (LH) 

High pop, low GDP (HL) 

High pop, high GDP (HH) 

Macro model (macro) 


1975 1995 2000 2050
 

210 300
 
250 540
 

132 211 - 

243 1582
 
462 3711
 

-
84 245 

.069 .059 .056 .030
 

.271 .094
 

.179 .077
 

.276 .121
 

.184 .104
 
-
.469 .269 

.278 .382
 

.333 .396
 

.274 .363
 

.330 .378
 
-
.166 .280 
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Table 8.4 (continued)
 

Projection 
assumptions 1975 1995 2000 2050 

C. Utilities value added 

Low pop., low GDP (LL) 
Low pop., high GDP (LH) 
High pop., low GDP (HL) 
High pop., high GDP (HH) 
Macro model (macro) .050 .075 

.075 

.085 

.076 

.086 
-

.099 

.100 

.104 

.105 
-

D. Fixed capital investment 

Low pop., low GDP (LL) 
Low pop., high GDP (LH) 
High pop., low GDP (HL) 
High pop., high GDP (HH) 
Macro model (macro) .150 .218 

.217 

.238 

.220 

.241 
-

.243 

.216 

.259 

.233 
-

aAssumes 2.9% annual deterioration in the international pur

ckasing power of the U.S. dollar between 1964 and 1970. This
 
exassumption is derived from the GNP price deflator for U.S. 


times those in 1970 prices.
ports. Thus 1964 values equal .842 

Note that values shown are for Gross National Product rather
 
than Gross Domestic Product as found in Table 3.5 from which the
 
per capita income figures were taken, It is assumed that the
 
ratio of GNP to GDP will remain constant at 0.93 throughout the
 
period. The per capita GDP projections in Table 8.4 thus equal
 
.842 x .93 x the porresponding GDP per capita figures from Table
 
3.5.
 

bEstimating equations are given in footnote d, Table 8.3.
 

A<
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In Table 8.4 the medium-term trends shown in Table 8.3 are
 

into the longer run as per capita income continues to
contina.A 


increase and population to grow. The agricultural share of GNP
 

would be expected to fall to 18-28 percent by the year 2000 and
 

to 8-12 percent after a further fifty years. Industrial value
 

as a fraction of
added over the 1975-2000 period almost doubles 


GNP, growing from 17 percent to 27-33 percent. By the year 2050
 

the induL rial share might rise to 36-40 percent of GNP. The
 

contribution to GNP of utilities, including transportation, in

creases at a somewhat slower pace, doubling between 1975 and 2050.
 

The capital investment share could be expected to grow the most
 

slowly of all, increasing by about one-half between 1975 and 2000
 

and remaining at roughly the year 2000 level thereafter.
 

The principal factor at work in Table 8.4 is the growth of
 

seen both in the projected changes over
 per capita GNP. This is 


time and in the relatively large differences in some instances
 

between the "high" and the "low" per capita alternatives. The
 

lower of the per capita GNP assumptions, as would be expected,
 

operates in the same direction as does the more equitable income
 

Both a slower GNP growth
distribution variant shown in Table 8.3. 


rate and a more equitable distribution of income result in lower
 

capital investment (at least until sometime after the year 2000
 

in the case of Table 8.4), lower industrial and utility shares
 

of production, and a higher contribution to GDP of agriculture
 

and other primary activities. In contrast, the differential
 

effect on GNP shares of the high and low population assumptions
 

is almost insignificant.
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Conclusions
 

The conclusion of this chapter is that the cross-country
 

statistical comparisons of the Chenery-Syrquin 
type appear to
 

capture many of the longer-run structural changes 
reflected in
 

the Gupta (World Bank) macro-model for Indonesia. 
Basing mater

ials consumption projections on the cross-country 
results may
 

produce underestimates of heavy industrial goods 
during periods
 

These differences should be less proof rapid economic growth. 


nounced if we ignore, as has been done in the 
present study, the
 

consumption of raw materials imported in finished 
or fab ;icated
 

form--as, for example, metals incorporated in 
capital equipment
 

and machinery.
 

When looking into the distant future it becomes progressively
 

more difficult to achieve realistic projections from a detailed
 

macro model, but at the same time it can be expected 
that Indo

nesia's economic growth may slow to the more normal 
levels that
 

Under these
 
have characterized the past growth of most countries. 


conditions the cross-country approach to materials 
projections
 

good or better than that based upon a macro-model.
 may prove as 


If GDP growth should slow still further, however, 
to atypically
 

low levels when judged by recent reference country 
experience,
 

then the cross country approach might lead to 
overestimates of
 

many bulk materials.
 

In using the cross-country approach, it should bc noted, it
 

is not necessary to estimate GDP components first 
and then the
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amounts of bulk materials associated with each component. A
 

"reduced form" of the model may be used in which materials con

sumption ia physical units is statistically related to the funda

mental growth factors of population and income or GDP. The pro

cedure can also be expanded to incorporate other structural fac

tors in a manner analogous to the Chenery-Syrquin use of net
 

foreign capital inflows. Materials demand equations derived from
 

cross-country data will be discussed further in Chapter 9 and will
 

be the basis for most of the demand projections of Chapter 11.
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I. Energy Production and Transformation Sectors
 

1.1. Petroleum
 

1.1.1. Petroleum Supply Sector
 

Crude production in 1980 fell 2 percent, to 569.5 million barrels.,
 

after a 2.8 percent drop in production In 1979. This was a third consecutive
 

drop from a record of 615.1 million barrels achieved in 1977.
 

Tabler4 summarizes crude production for recent years. Prospects for 1981
 

are of a I percent increase to 1.58 milliop barrels a day (576.7 million
 

barrels).
 

Exports of crude and petroleum products have fallen much faster
 

than production, by nearly 11 percent betweei 1978 and 1979. This decrease
 

ist a reflection of the rise in domestic congumption of about that 

magnitude, coupled with the decrease in pLx.Zution. Petroleum exports,
 

which accounted for 64 percent of T%,oneslas export earnings in 1978, are 

mostly in the form of crude (85), the rest being heavy residual (LSWR, 

low sulphur waxy residual) and condensaces. 

A summary of the petroleum supply system is shown in Table I - 2, 

inputusing data for 1978. Of a total 159.5 million barrels used as 


to refineries, nearly one third is processed in Singapore and the output shipped
 

back via the so called "processing agreement", and the rest
 

refined in nine refining units in t!e country. The processing agreements
 

expire in 1982 and after that date all crude destined for domestic
 

consumption will be refined in Indonesia. A hydrocracking urit is
 

planned that will convert LSWR, now exported, into products for the
 

domestic market. A new refinery and other expansions are also planned.
 

1: Asian Wall Street Journel 7ebruary 11, 11.
 



TAILE I - 1 

Crude Oil Production and Export
 
Million barrels
 

Crude Crude Condensate Product Total
 

Production Exporte 4xports Export Export
 

1973 476.9
 

1976 550.3
 

1977 615.1
 

1978 596.7 461.9 10.1 38.6 510.6
 

49.4 460.2
1979 580.4 394.4 16.4 


1980 569.5
 

1981 (est.) 5",7
 

1 Mostly low sulphur waxy residual oil (LSVI) 

Imports of Petroleum Pvoducts
 

(Million barrels)
 

1978 1979
 

1.9
Jet Fuel 3.1 


Kerosene 4.4 5.5
 

Light Diesel 9.4 7.5
 

0.3
Indust. Diesel 


Subtotal 16.9 15.2
 

Special Crudes 31.8 31.4
 

Total 48.7 46.6
 

Crude Inputs to
 

Refinery 159.5 186.0
 

Source: MIGAS
 



TABLE I - 2 

Petroleum Supply System Balance 1978
 

Crude Production 


Crude Exports 


Condensate Exports 


Statistical Difference 

and Stockpile
 

Domestic crude inputs 
to refineries 


Imported Crude Inputs 


Other Inputs 


Reflattry Output 

Petroleum Products 


LS'kR Exports 

Naphtha 

Lubes. Asphalts etc 


Refinery Gas 


Losses 


(million barrels)
 

596.,'
 

461.9
 

10.1
 

124.7
 

- 13.7 

111.0
 

47.3
 

1.2
 

159.5
 

104.2
 

38.7
 

7.5
 

4.0
 

1.5
 

3.6
 

159.3
 

Source:
 



Imported crude inputs to refineries amounted to 47.3 million barrels,
 

or nearly 30 percent of total inputs. This crude, imported from Saudi Arabia,
 

is used in one dedicated refinery for production of oil products not
 

obtainable from Indonesian crudes.
 

Total output of petroleum products amounted to 104.2 million barrels
 

in 1970. This was supplemented by imports of 16.9 million barrels.
 

Output from refineries grew to million barrels in 1979, and product
 

imports dropp~d to 15.2 million barrels. 'Table 1-3 summarizes this
 

information, in which barrels are expressed in barrels of cil equivalent
 

(thousand boe, or kboe). The largest fractions of petroleum products
 

are kerosene (33 percent) and light diesel oil* (27 percent), with smaller
 

fractions of gasoline, fuel oil and Industrial diesel.
 

Automotive diesel, see Glossary.
 



TABLE I - 3 

Petroleum Products, Domestic and Imported 

103KL Domestic Imports Total 

Production I Supply 

1978 1979 1978 1979 1978 1979 

Fuels 

Av. Gasoline 24.6 - 24.6 

Jet Fuel 367.2 309.5 676.7 

Gasoline 3095.7 - 3095.7 

Kerosene 5558.8 877.5 6436.3 

Light Diesel 4133.1 1197.6 5330.7 

Industrial Diesel 1256.5 40.8 1297.3 

Fuel Oil 2882.2 - 2882.2 

Sub Total 17318.3 2393.6 19711.9 

1 Includes production by processing deals 

Source: MIGAS 



1.1.2 Energy Use in Petroleum Production
 

Areas of petroleum production in Indonesia are primarily centered
 

onshore in three regions of Sumatera and West Kalimantan, and
 

offshore in Northern Java. New exploration and production is taking
 

About one half of the oil is produced by
place in Irian Jaya. 


Indonesian subsidiaries of multinational oil companies, 5 percent is
 

produced by Pertamina (the state-owned oil company) and the remaining
 

45 percent by production sharing agreements between Pertamina and
 

foreign oil companies. Table 1-4 presents recent production by company.
 

Of total crude production, onshore sources at present amount to
 

65 percent of the total, and offshore 35 percent. First offshore
 

and by the mid 1970's it had amounted to
production came in 1971, 


20 percent of the total.
 

TABLE I - 4 

Crude Production in 1979 

1979 Percent 

103 bbls % 

Petamina 30,316 5.22 

Production Sharing 271,203 46.73 

Caltex Pacific Indonesia 266,048 45.84 

Stanvac Indonesia 10,811 1.86 

Galasiatic & Toppco 1,856 0.32 

Lemigas 212 0.03 

580i447 



Energy consumption in the production of crude petrole-'m is
 

obtained from Pertamina's statistics on own use (exclusive of refining
 

use) and from Pertamina sales of petroleum products to other
 

crude oil producers (Table 1-4a). Although most of these fuels are used
 

for transportation purposes, their energy use is an integral part
 

of the crude oil production process; future demand for these fuels
 

is thus estimated according to future crude production rates.
 

TABLE I - 1
 

Energy Consumption in Crude Oil Production
 

1978 1979 

103 bbls Light 
Diesel 

Industrial 
Diesel 

Fuel 
Oil 

Light 
Diesel 

Industrial 
Diesel 

Fuel 
Oil 

Pertamina 144.0 449.7 1348.6 222.0(est) 209.5(est) 1230.3(est 

Other Companies 1112.1 139.6 69.2 1377.5 92.5 37.7 

Total 1256.1 589.3 1417.8 1599.5 302.0 1268.0 

kboe 1262.4 592.2 1495.8 1607.5 303.5 1337.7 

Source: Pertamina sales data and Pertamina own use data.
 



1.1.3 Energy Use in Crude Oil Refining
 

Crude intakes into refineries for 1979 amounted to 186.0 
million
 

barrelso of which 79 percent (147.7 million barrels) were obtained
 

from domestic crudes, and 21 percent (38.3 million barrels) 
from
 

Of this total, 65 percent (120.5 million
imported Arabian light crudes. 


barrels) were refined in Indonesian refineries and the rest 
in refineries
 

in Singapore via processing deals; the output from the Singapore
 

refineries is destined to Indonesian consumjtion. Refining capacity
 

Statistics on energy
in Indonesia is presented in Table 1-5. 


consumption in refining exclude the energy used in the refineries
 

Sources for this information are not entirely consistent,
in Singapore. 


because Pertiamina reports total consumption for the aggergate
 

Table 1-6
divisions of exploration, production and refining. 


summarizes available data and estimates.
 

TABLE 1-5
 

Refining Capacity in Indonesia
 

Thousand bbls/day
 
Capacity Production in 1979 

Plaju , Sumatra 49 

Gerong , Sumatra 49 

Balikpapan, Kalimantan 49 

Dumai , Sumatra 76 

Pakning , Sumatra 27 

Cilacap , Java 73 

Others 6 

329 



Table 1-6
 

Energy Consumption in Petroleum Refining
 

1978 	 1979
 

Refinery gas1 1905.9x103 bbls 1840.5x103 bbls 

Light Diesel Oil2 450.0 i 667.4 t (est) 

Industrial Diesel2 915.2 427.1 " (est) 

Fuel Oil2 5917.6 5397.4 " (est) 

Natural Gas3 	 6453.8x106 SCF 8237.9xi06 SCF
 

1173.9x103 BOE 	 1498.4xi0 3 BOE
 

Total Energy 	Use A 10,362.5x0 3 BBLS 9830.8xi03 BOE
 

Crude Processed
 
excl. processing deals 	 120.5x0 BBL
 

Specific Consumption 	 At 0.08 BOE/BBL (8%)
 

1: Sources: 	Umar Said for 1978, Refinery Report for 1979.
 
2: 	 Umar Said for 1978, 1979 data are estimates based on
 

1978 breakdown between refining and other Pertamina uses
 
(Total Pertamina. uses for exploration and refinery is
 
from Table
 

3: Source: Table I



1.2. Natural Gas
 

1.2.1 Natural Gas Production
 

Production of wet natural gas reached 998.5 billion cubic
 

feet (BSCF) in 1979 (189,707 kboe), and is projected to increase by
 

about 50 percent by the end of Pelita III in fiscal year 1983.
 

Production grew by nearly 22 percent from 1978 levels, and in the
 

four years since 1976 its production has more than tripled. More
 

importantly, the effective utilization of the gas, as a fuel for
 

industry, petrochemical feedstock and in liquefaction plants (LNG)
 

has grown even faster.
 

The use of natural gas as a fuel in Indonesia has been limited
 

by geographical considerations. Most associated gas from oil
 

fields that are distant to population centers had not been utilized
 

until the first LNG facility was completed in 1977. This production
 

is exported to Japan and is scheduled to increase in the future.
 

Natural gas produced on the island of Java is being consumed in its
 

entirety by several industrial customers and by a town gas distribution
 

system.
 

In 1979, flared and lost gas amounted to 22.7 percent of
 

production, down from 47.9 percent in 1977. Another 26.3 percent
 

was used for gas lift and as fuel in the fields in 1979, leaving just
 

over 50 percent for export and internal consumption. This utilization
 

figure has grown from about 31 percent in 1977. (Table 1-6a)
 

The use of natural gas in manufacturing represent about 8 percent of
 

gross wet gas production or 16 percent of the gas effectively used.
 

The 80 billion cubic feet (15,234 kboe) are used in Java and South
 

Sumatera as inputs to fertilizer plants, the integrated steel mill
 



TABLE I - 6a
 

Natural Gas Production and Utilization
 

1976 


Million cubic feet 

Production 312,368.1 

kboe 59,350 

Utilization NA 

LNG plants --

LPG plants --

Gas lift, injection --

Town gas company 

Manufacturing* --

Fuel use in production --

Losses, flared 

Petrolewn Refinery Fuel NA 

Natural Gasoline 

Flared and loss (percent) 


Fuel Use in Production of Natural Gas
 
(percent of total production) 


1977 1978 1979 

542,764.2 

103,125 

820,130.3 

159,825 

998,456.7 

189,707 

57,103.4 

67,806.9 

73,503.7 

1,503.5 

40,557.3 

39,322.7 

259,883.1 

-

2,603.4 

542,764.2 

47.9 

244,932.0 

62,911.9 

173,739.8 

1,378.8 

59,350.6 

44,064.0 

223,578.1 

6,453.8 

3,670.0 

820,130.3 

27.3 

383,302.8 

35,853.5 

214,669.1 

2,127.0 

80,179.9 

47,443.0 

226,643.4 

8,237.9 

-

998,456.7 

22.7 

7.3 5.4 4.8 

* 	Detailed in Section 111.3; includes fertilizer plants, carbon black plant 

cement and steel. 

Source: MIGAS
 

(I)
 



project under development and other users. 
These are quantified in
 

Section 111.2, Energy Use in Manufacturing. The growth in these uses
 

are severely limited by the production of gas in these two areas.
 

The fertilizer plant in South Sumatra is currently producing below
 

capacity because of the limitations in gas supply in the region
 

(associated gas from the Palembang area oil fields). 
 Important
 

pricing issues have to be resolved before any investments are
 

undertaken for long distance gathering lines from other fields in
 

,Sumatra, or for new exp oration in the Palembang area. 
 Natural gas
 

production in the island of Java (onshore and offshore) is not expected
 

to increase; this is the reason, for example, that its use in electric
 

generation by the public utility is not considered in PLN's resource
 

diversification planning.
 



1.2.2. LNG Production
 

Production of liquified natural gas (LNG) began in 1977 and at
 

present the two facilities in operation in Bontang (East Kalimantan) and
 

Arun (North Sumatra) make Indonesia the largest producer in the world.
 

Export earnings rose from $1.1 billion in 1979 to $2.3 billion in 1980;
 

they now reach 10 percent of total export earnings and they are projected
 

to grow much faster thank export earnings for petroleum (which in 1979
 

were still over eight times those of LNG). Current price is about $4.20
 

per thousand cubic feet fob (about $22 per boe). and new contracts
 

arebeing negotiated at 40-60 percent higher prices.
 

Current production is 9 million tons per year (about 74,000 kboe)
 

and contracts are being negotiated for additional exports of 6.2 million
 

tons (52,000 kboe) to Japan in 1983 for 20 years, and of 4.5 million
 

tons (38,000 kboe) to the West Coast of the United States. Long term
 

export estimates from Pertamina total 27.9 million tons (234,000 kboe)
 

by 1990, an amount equivalent in energy to 50 percent of current 

crude exports. (Table 1-7 ). 



TABLE 1-7
 

Long Term Estimates of LNG Exports
 

Million tons/year 1985 1990 1995 2000
 

9.0 9.0
Arun, planned 7.5 9.0 


potential 4.5 4.5 4.5 4.5
 

6.4 6.4
Badak, planned 6.4 6.4 


potential -- 8.0 8.0 8.0
 

Total exports 18.4 27.9 27.9 27.9
 

in billion cubic
 
feet 831.9 1261.1 1261.1 1261.1
 

in kboe 155,000 234,000 234,000 234,000
 

Source: Pertamina;
 
Current plans do not envision an expanslou in LNG exports
 

beyond 1990.
 



--

TABLE 1-8
 

Natural Gas Use for LNG Production
 

Inputs to 

Year LNG plants 


109 Cubic ft. 


1977 
 57.1 


1978 
 244.9 


1979 
 383.3 


1980 447.7 (eat) 


1985 
 966.2 


1990 
 1449.5 


1995 
 1449.5 


2000 
 1449.5 


Conversions: 
 I ton LNG -

LNG 

Exports 


109 cubic it. 


NA 


192.3 


326.1 


389.5 


831.9 


1261.1 


1261.1 


1261.1 


48.7 GJ
 

Fuel Use 
 Statistical
 
in liquefaction 
 Difference
 

109 Cubic feet
 

HA 
 NA
 

31.8 
 + 20.8
 

49.8 
 + 7.4
 

58.2 (eat) 


124.3
 

188.4
 

188.4
 

188.4
 

I kboe a 0.19 million cubic feet
 

Source: 1977  1979: MIGAS, assuming 1000 Btu/SCF and that 13 percent
of natural gas Jnputs to 
liquefaction plants is consumed as
 
fuel
 
1985  2000: Pertamina

1980 exports: Asian W'all Street JovrnL Feb. 13, 
1981
 



II. Petroleum Products Balance
 

The total consumption of petroleum products in Indonesia is made
 

up of domestic sales by Pertamin4, the sales to international bunkers
 

and the consumption of Pertamina in the production, transportation,
 

refining and distribution of fuels. Petroleum products are obtained from
 

refineries in Indonesia and in Singapore through processing deals, using
 

A fraction of domestic demand is met by products
domestic crude as inputs. 


imported directly, and asphalts and other non-energy products are
 

obtained from domestic refineries utilizing foreign crudes as inputs.
 

The Petroleum products supply sector is detailed in section I.1.1.
 

Information on 1978 consumption of petroleum products is obtained
 

Total consumption in 1978
from LEMIGAS*, and is presented in Table 11-1. 


was 122,883 kboe of which 2.3 percent or 2800 kboe was sold to
 

international bunkers (non-Indonesian air and waterborne carriers), 
and
 

The LEMIGAS source quotes
Pertamina consumed 8.8 percent or 10858 kboe. 


the following breakdown for Pertaminas consumption: own use by 
its marketing
 

and distribution divisions, which is mostly transportation fuel 
for trucks
 

and small ships, own use by its production and exploration divisions, 
in
 

which all diesel and fuel oil is used by tankers, and lastly,own 
use by
 

The latter utilize in addition to the tabulated
the refineries. 


Table 11-2
petroleum products a total of 1907 kboe of refinery gas. 


summarizes this information for 1979, in which total internal 
consumption
 

grew by 8.2 percent to 132,883 kboe. Domestic sales grew at 9.2 percent
 

to 119,314 kboe.
 

Konsumi Energi 1978, Ir.Umar Said, Dr. P. Sinuraya, LEMIGAS
 

4 



-- 

1978Petroleum Products,
Table II-1:Internal Consumption of 

Total InternalInternational 
Pertamina Use o tionDomestic Refining BunkersProduction
MarketinConsumtion
Kboe 

122
6
-
116
Aviation Gasoline 

3399
 - 938
6
2
2453
Jet Fuel 

18,242
--
227
114
17,901
Gasoline 

40,698
-
-
218
21
40,459
Kerosene 
 32,81859
£53145 


Light Diesel Oil 31,779 382 


8,230

62 452 920 238
6558
Industrial Diesel 


19-374
1559
190 1423 6243
9959
Fuel Oil 
122,883


771 2471 7616 2800

109,225
Total 


Konsumi Energi 1978, In Umar Said, Dr. P. Sinuraya, 
LEHIGAS
 

Source: 


1 An additional 1907 kboe of refinery gas are consumed 
in the refining process. 

'>
 



Table II-2:Internal Consumption of Petroleum Products, 1979 

Kboe 
Domestic 
Consumption 

Pertamina Use 1 

Marketing Production Refining 
Internationall 
Bunkers 

Total Internal 
Consumption 

Aviation Gasoline 107 - - - 8 115 

Jet Fuel 2,668 3 277 - 887 3835 

Gasoline 20,030 135 851 - - 21,016 

Kerosene 44,098 31 57 - - 44,186 

Light Diesel Oil 34.665 434 223(est) 671(est) 54 36,047 

Industrial Diesel 7,116 72 211(est) 429(est) 254 8,082 

Fuel Oil 10,630 167 1298(est) 5694(est) 1919 19,708 

Total 119,314 842 2917 6794 3122 132,989 

1 Data is for 1979/80 fiscal year (March 1979 to February 1980)
 

Sources: 	obtained from unpublished tables prepared by DJK and HIGAS Situasi Pemakaran Energi; 
Production and Refining totals (MIGAS data) broken down in proportion to 1978 data. 



Utilizing Pertamina sales figures, a picture can be obtained of 
the
 

Table 11-3
final destination of petroleum products in the economy. 


presents a summary for 1978 of domestic consumption of petroleum 
for industry,
 

transportation, households, electric generation and for town 
gas manufacture
 

based on sales reported by Pertamina. A column of statistical differences
 

quantifies the closure of the balance with total domestic 
consumption in
 

Table 1I-1
 

In order to summarize Pertamina's sales information, tne following
 

made:allocations were 

they are assumed to purchase 80 percent of all kerosene
Households: 


delivered to dealers, plus small amounts of kerosene delivered 
to the
 

Armed Forces. This allocation may overestimate the household use by
 

incorporating only an estimate of kerosene used by restaurants 
and food
 

Other possible

vendors, and other small non-residential users of kerosene. 


destinations are non-sanctioned transportation uses and 
illegal exports.
 

Industry: includes sales of light diesel oil, industrial 
diesel oil and
 

fuel oil to agricultural, mining and manufacturing. 
The commercial sector,
 

which is comprised of government institutions, commercial buildings and large 

of the use
 
hotels and construction companies is also included 

as is an estimate 


of kerosene in the commercial sector (restaurants 
and food vendors). Excluded
 

are the aviation fuels and gasoline sold to these 
firms, which are assigned to
 

Also excluded from this allocation would be any
 the transportation sector. 


purchases of light diesel oil by small farms, cottage 
industries and mines using
 

The amounts of industrial diesel and
 service stations as fuel suppliers. 


fuel oil sold by retailers are insignificant. A major uncertainty in
 

this allocation is the light diesel oil purchased by industry, a part of
 

which is used in freight handling and other properly 
transportation uses
 



Table 11-3 

Petroleum Products Consumption, 1978 

Kboe 

Aviation Gasoline 

Jet Fuel 

Gasoline 

Kerosene 

Light Diesel Oil 

Industrial Oil 

Fuel Oil 

Total 

Industry1 

& Commercial 

8,004 

15,584 

5,567 

6,520 

35,675 

2 
Transport 

118 

2,440 

18,572 

-

11,090 

494 

-22R 

33,242 

Households 

32,015 

-

32,015 

Electric 
Generation 

-

5,213 

230 

?.a 

8,432 

Town Gas 

32 

83 

115 

Statistical 
Differences 

-2 

+13 

-671 

+440 

-140 

+184 

-250 

Total 
Domestic 
ConsumP 

116 

2453 

17,901 

40,459 

31,779 

6,558 

- q g 

109,225 

32.7Z 30.4Z 29.3Z 7.7Z 0.1Z 

2 

3 

Excludes fuel use in refining of petroleum products. 

Includes Military 

public Utility only 



107 

Table 11-4 

Petroleum Products Consumption, 1979
 

Kboe 

Aviation Gasoline 

Jet Fuel 

Gasoline 

Kerosene 

Light Diesel Oil 

Industrial Oil 

Vuel Oil 

Total 

Industry 
& Commercial 

8,823 

17,435 

6,605 

7,191 

40,054 

2 
Transport 

116 

2,632 

20,013 

-

12,717 

527 

449 

36,454 

Households 

-

35,291 

-

-

35,291 

Electric 3 
Generation 

4507 

183 

s 

14466 

Town Gas 

39 

86 

125 

Statistical 
Differences 

-9 

+36 

+17 

-16 

-33 

-285 

-2386 

33.6% 30.6% 29.6% 12.1% 0.1% 

1 

2 

3 

Excludes fuel use in refining of petroleum products. 

Includes Military 

Public Utility only 

Total
 
Domestic 
Consumpti 

2,668
 

20,030
 

44,098
 

34,665
 

7,116
 

119,314
 



(this is especially so in the construction industry). It is however
 

impossible to separate transportation uses within industry from uses of light
 

diesel in electric generation or as boiler fuel.
 

includes sales to airline companies, railroads, shipping
Transportation: 


lines and road transport companies, in addition to all sales of gasoline
 

and light diesel oil to retailers (i.e. gasoline stations) gasoline
 

sales to industrial firms are also included. Finally, all sales to
 

the five branches of the Armed Forces are ascribed to the transport
 

sector (except those oi domestic keroesne). To this total would have
 

to be added about 3250 kboe of fuels used by Pertamina in what is mostly
 

transportation uses, 60 percent for tankers and the rest for distribution
 

of fuels by trucks and transportation of personnel. The subsequent
 

analysis, however, will omit this Pertamina consumption, which will be
 

projected separately.
 

Electric Generation: sales to the national electric utility (PLN) only;
 

actual utilization by PLN for electric generation may be slightly
 

higher because isolated generation sites can avail themselves of diesel
 

A check of PLN sources appears to indicate that
fuel through retailers. 


such purchases would be very rmall.
 

Gas: purchases of diesel fuel by PDN, the town gas manufacturer.
Town 

Statistical Differences: obtained from comparison of total sales with
 

domestic consumption in 1978 shown in Table I-I (and in Table 11-2 for 1979).
 

There is excellent agreement among sources, yielding a total discrepancy of
 

one fourth of one percent, with the largest amounting to 3.7 percent in
 

the case of gasoline.
 

The largest consumer of petroleum products is the industrial

commercial sector, with 33 percent of the total followed by transport
 



The household sector may be slightly overestimated,
with 30-31 percent. 


on the other hand, the transportation sector may be
 as indicated above; 


underestimated in light of the allocation to the industrial sector of 
all
 

light diesel oil sold to industry (part of which is used for freight) 
and
 

the exclusion of Pertaminas transportation usage.
 



III Final Energy Consumption
 

111.1 Agriculture and Mining Sectors
 

III.1.1 Agriculture
 

Information available on energy consumption 
in agriculture
 

The vast small-scale
 
refers to the organized, large-scale producers. 


farming, lumber and milling operations are discussed 
separately*. The
 

distinction made is between customers 
that purchase directly from
 

Pertamina, whose fuel use data is readily available, 
and those agricultural
 

activities which obtain their petroleum fuels, 
if any, from retail
 

The use of firewood and agricultural wastes 
in both large-scale


outlets. 


Estimates based on survey
and small-scale agriculture is not included. 


information from Biro Pusal Statistik and reported by Cobbald* 
amount to
 

716 kboe of firewood and charcoal used largely in the sugar 
industry
 

(59.9 kboe), drying of tobacco (66.5 kboe),

(505 kboe), drying of tea 


The

rubber (30 kboe) and the vegetable oil industry (13.3 kboe). 


industrial activities listed above are more appropriately 
classified
 

under the manufacturing sector (Section 111.3); the use 
of petroleum
 

products in the food processing industry is accounted 
for in that section
 

of this report.
 

*T.E. Cobbald: Rural Sector Energy Estimates, 1978, 
Project Paper for
 

Energy Planning for Development in Indonesia
 



The large scale agriculture activities consumed 3353 kboe
 

of light diesel and smaller amounts of industrial diesel 
and fuel oil in 1978
 

Forestry is the largest user, followed by plantations
(Table 111.1). 


(rubber, sugar cane, tea, palm oil and tobacco). The largest use of
 

fuels is for vehicles and electric generation; farm machinery (tractors,
 

combines etc) are relatively rare even in the estate segment of
 

Indonesia's agriculture.
 



-- -- --

--

TABLE III . I
 

Energy Use in Large Scale Agriculture
 

Light Diesel Ind. Diesel Fuel Oil
 
1979 1978 1979
Kboe 1978 1979 1978 


46 192 --
Agriculture 


207 34 47
Plantations 768 785 196 


8
Forestry 1796 2245 19 19 4 


7 17 --

Others 743 743 


222 243 38 55
Total 3353 3965 


Source: Pertamina Sales
 



111.1.2 Mining (excluding Coal and Petroleum Extraction)
 

Metallic mining activities in Indonesia consist 
primarily of
 

tin production and smelting in islands off the Sumatra coast, nickel
 

mining and smelting in South East Sulawesi and bauxite mining
 

in the island of Palau Bintan, near Singapore. An aluminum smelter
 

is being built in northern Sumatra.
 

Energy use in this sector includes petroleum products (mostly
 

light diesel), coal from West Sumatra used in.tin smelters, and captive
 

The 165 MW plant at Larona is part of
hydroelectric generation. 


the nickel smelting operation; a 603 MW hydroelectric facility
 

at Asahan (Northern Sumatra) will generate power for the aluminum smelter
 

under construction. Both facilities have 50 MW surpluses for sale to PLN.
 

A part of the 1070 kboe of light diesel consumed by the industry is also
 

for electric generation at the mine site; no electricity is purchased
 

by the mines.
 



-- --

--

TABLE 111-2
 

Energy Consumption in Metals Mining
 

Coal
Light Diesel Ind. Diesel Fuel Oil 

1978 1979
1979 1978 1979 


Kboe 1978 1979 1978 


-- 40 61 

427 797 351 430 53
 

Tin 


301 394 

205 174 15 18 


Nickel 


4 --18
Iron Sand 


8
147 96
Other * 

434 61 53
 
797 1071 366 456 301 


Total 


Includes bauxite, copper, manganese, gold and 
silver.


* 

Sources: Pertamina Sales data; coal from MICAS, using 
0.71 TCE/ton
 

of Bukit Asam coal, and 5.05 BOE per TCE.
 



--

TABLE 111-3
 

Production of Metallic Mineral Ores
 

Tin Ore Nickel Ore Bauxite Iron Sand Copper
 

3 3 3 Concsntrates Cousentrates
 
10 Ti6ns 10 Tons 10 Tons 10 Tons 10 Tons
 

191 600 1229 --1970 


1975 244 801 993 353 201
 

1976 222 829 940 292 223
 

968 312 189
1977 240 1301 


1978 240 1207 1007 193 180
 

1979 252 1552 1051 80 189
 

Source: Biro Perencaan
 



TABLE III- 4
 

Production of Processed Ores, Current and Pelita III Targets
 

Nickel Matte Aluminum Copper Concentrates
 
(Tons) Tin Concentrates 


-- 225,00022,700
1979/80 32,775 


47,600. 225,000 225,000

1983/84 36,611 


Dept. of Mines and Energy: Mining and Energy (1979) Third Five
 Source: 

Year T)evelopment Plan.
 



111.2 Manufacturing Sector
 

Energy Consumption in manufacturing is characterized by the
 

extremely rapid growth in selected energy intensive industries
 

in the last part of the decade, in particular fertilizer 
and cement,
 

and by the relatively slow growth in the traditional subsectors, 
such
 

as food products and textiles. It is also important to highlight
 

energy inputs to the manufacturing
the role of natural gas and coal as 


sectors that make it the most diversified sector in the use 
of commercial
 

Tables 111-5 and 111-6 summarize recent statistics
 energy sources. 


on energy use by the manufacturing sector.
 

A total of 30,244 kboe was consumed in manufacturing 
in 1978,
 

of which 63 percent was petroleum products, 35 percent 
natural gas,
 

0.8 percent coal and the remaining 1.2 perc-.at purchased 
electricity.
 

In order of importance, the largest is fertilizer, followed 
by cement
 

Both iron and steel, and cement are planned to
 and iron and steel. 


expand production considerably; in 1979, the latest year for which data
 

is presented, the integrated steel mill that utilized 
natural gas for
 

ore reduction was not completed. Upon completion, natural gas use at
 

the Krakatao steel complex will increase considerably.
 

Besides the industries mentioned above, there is 
significant
 

petroleum consumption by the tile, brick and glass 
industries ("other
 

non-metallic minerals"), in pulp and paper and chemicals 
(paints,
 

Listed under "other manufacturing"
drugs) and rubber processing. 


are machinery and electrical equipment,
in Tables III and III-


transport equipment, workshops and appliance manufacture.
 

The largest fraction of petroleum use in manufacturing 
is
 

Petroleum: 


light diesel, which grew from 7,933 kboe in 1978 
to 9,269 kboe in 1979
 

at a 16.8 percent growth rate.
 

http:perc-.at


About one half of this fuel is used in the generation 
of electricity
 

by the 1300 MW of diesel generators installed in industry 
in Indonesia
 

(parz of this capacity, however, is installed outside the 
manufacturing
 

sector in mines, agricultural estates, sawmills, public 
buildings,
 

The generation of electricty in the manufacturing sector
 hotels, etc). 


is presented separately.
 

The remaining light diesel is used primarily in vehicles.
 

This fuel use is excluded from the freight transportation sector
 

because its patterns of consumption, and future growth 
rate, are tied
 

to the growth in output of the respective segment of industry.
 

10,997 kboe
 
The industrial diesel and fuel oil use, amounting to 


in 1978 and 12,410 kboe in 1979, are used primarily 
as boiler fuel
 

and in kilns for direct heating applications. Installed capacity of
 

steam generators outside the PLN system is limited; 
besides one
 

200 MW plant that does not belong to the manufacturing 
sector, the
 

It is not known if any of this gapacity
remainder totals only about 90 MW. 


is operated to generate heat and electricity jointly 
(cogeneration);
 

for the most part, industrial diesel and fuel oil are
 

direct heat in cement kilns (28 percent),lime and brick
 used as 


kilns (14 percent) and in heating water and raising 
steam in the
 

food processing and textiles industry ( 33 percent).
 

The bulk of the natural gas ubed in manufacturing 
is for
 

Natural Gas: 


feedstock in two large fertilizer plants; in the 
future, ore reduction
 

The same industries
 
in steel-making will add to its use as feedstock. 


use natural gas as fuel also; besides these, the 
only other manufacturing
 

uses of natural gas are in cement and feedstock 
for carbon black.
 



TABLE III - 5
 

Energy Consumption in Manufacturing, 1978 (kboe)
 

Energy Uses 


Food and Beverages 


Textiles 


Pulp and Paper 


Cement 


Other Non Met. Miner. 


Iron and Steel 


Fertilizer 


Other Chemicals 


Rubber 


Other Manufacturing 


Subtotal 


Feedstock Uses
 

Fertilizer 


Iron and Rrpl 


Total 


Light 
Diesel Oil 


1800 


2687 


343 


266 


693 


516 


54 


695 


755 


424 


7,933 


7,933 


Industrial 

Diesel Oil 


722 


1303 


202 


1107 


851 


353 


-


110 


165 


89 


4,902 


4,902 


Fuel Oil 


1230 


358 


286 


1952 


695 


506 


872 


41
 

64
 

91 


6,095 


6,095 


Natural 
Gas 


-


25 


6575 


4044
 

21
 

10,665 


Purchased 
Coal Electricity
 

36 

129 

- 28 

238 117 

NA
 

13
 

49
 

38
 

411
 

238 411
 



TABLE III - 6 

Energy Consumption in Manufacturing, 1979 (kboe) 

Energy Uses 
Light 
Diesel Oil 

Industrial 
Diesel Oil Fuel Oil 

Natural 
Gas Coal 

Purchased 
Electricity 

Food and Beverages 

Textiles 

Pulp and Paper 

Cement 

Other Non Met. Miner. 

Iron and Steel 

Fertilizer 

Other Chemicals 

Rubber 

Other Manufacturing 

Subtotal 

1969 

3060 

334 

325 

812 

494 

31 

954 

841 

449 

9269 

. 

918 

1279 

236 

1529 

962 

330 

41 

199 

154 

78 

5726 

1066 

368 

332 

2372 

890 

618 

836 

44 

72 

86 

6684 

-

-

-

1153 

--

125 

6252 

418 

-

-

7948 

368 

25 

Feedstock Uses 

Fertilizer 

Iron and Steel 

Total 9269 5726 6684 

7116 

1881 

16945 393 558 



The natural gas delivered to the town gas company (PDN) 
is allocated
 

small manufacturing
to the residential sector, although it is not know if 


The total natural gas delivered to PDN is
£fims are PDN customers. 


less than 2 percent of its use in the uses described here.
 



Electricity Consumption: The manufacturing sector in Indonesia
 

generates internally about 85 percent of the electricity it 
consumes with
 

diesel generators. This proportion varies little among the different
 

segments of manufacturing activity; that is, captive generation is not
 

only coimmonplace among large chemical and cement plants, 
but also
 

food products industries.
 among the numerous firms in the textile or 


Table III - 7 shows the proportion of captive versus purchased electricity
 

The information is for calendar
for nine industrial sub sectors. 


year 1978 from the Industrial Statistics 1978 (iro Pusat Statistik);
 

the total purchases of 661.6 Gwh are in good agreement with 
PLN sales
 

to industry of 792-5 Gwh (rates classes II, 12, 13 and 14, formerly
 

rates E and CI) for fiscal year 1978/79. The difference between the
 

sources, beside the lack of overlap between calendar and fiscal 
year,
 

to a few large consumers outside the
is likely to be from PLN sales 


Another source of discrepancy between BPS
manufacturing sector. 


information and PLN sales is that the report on Industrial Statistics
 

is based on a reporting system by industries; firms may be left out
 

or underreporting may occur.
 

The latest year that BPC statistics are available is 1978;
 

since that year, major projects in the fertilizer, cement 
and steel
 

sectors have been completed which have signified large increases 
in
 

the own production for the respective subsectors. A large part of this
 

The sales

captive generation is with natural gas and not diesel oil. 


of PLN to industries has also surged; between fiscal year 1978/79 
and
 

1979/80, sales increased by 31 percent (Table I1-8).
 



TABLE 111-7
 

Electricity Consumption in Manufacturing 1978 (Cwh)
 

Own 
Production Sales Purchased 

Net Total 
Consumption 

Fraction 
Own Production 

Food Processing Incl. Tobacco 507.7 5.1 57.7 560.3 0.91 

Textile, Apparel, leather 1072.5 21.7 207.8 1258.6 0.89 

Lumber and Wood Products 105.7 - 5.2 110.9 0.95 

Pulp, Paper, Printing 154.7 0.1 45.8 200.4 0.77 

Chemicals, fertilizer, rubber 1065.4 5.0 78.8 1139.2 0.94 

Stone, Clay, Glass 473.5 1.1 189.2 661.6 0.72 

Iron and Steel 52.5 -- 21.4 73.9 0.71 

Metal Prods, Elec. Equip.
2 289.3 0.5 55.1 343.9 0.84 

Other 7.0 0.6 7.6 0.92 

3,728.2 33.4 661.6 4356.4 0.86 

1 Excludes petroleum refining, includes plastics and pharmaceuticals 

2 Includes machinery,vehicles, ships 

Source: Biro Pusat Statistik: Industrial Statistics 1978 



TABLE 111-8
 

Electricity Sales to Industrial Customers
 
(Tariffs I1, 12, 13, 14) - Gwh
 

1975/76 1976/77 1977/78 1978/79 1979/80
 

Tariff II 109.6 112.4 118.1 123.7 138.1
 

Tariffs 12 - 14 390.5 438.9 518.8 668.8 897.9
 

1036.0
Total 500.1 551.3 636.9 792.5 


Yearly Growth Rate 1.10 1.16 1.24 1.31
 

Source: PLN
 



Energy Consumption for captive power generation: with the exception
 

coal as its main source of fuel, and the
of one cement plant using 

Pusri fertilizer plant using natural gas, the manufacturing sector 

in 1978 was totally fueled with petroleum products. In order to generate 

3700 Gwh, approximately 11,500 x 103 boe of petroleum products 
are
 

needed (assuming an efficiency of 20 percent, and making no adjustments 
for
 

Total petroleum products
electricity generated by other than petroleum). 


used in this sector that year amounts to nearly 21,000 x 103 boe,
 

half of which is diesel and the rest are boiler fuels with which
 

electricity can be produced in steam generators jointly with steam
 

required for other industrial processes. Installed capacity of
 

captive power generatorc is tabulated by PLN for all non-PLN generation
 

(see Table 111-9 ). The usefulness of this data is limited, because
 

no breakdown is provided by sector of economic activity of 
the total
 

1310 MW of captive diesel generators existing in 1980. Important
 

fractions are outside the manufacturing sector in mines, agricultural
 

plantations, forestry operations, in hotels and other large 
buildings.
 

Also, no information is available on the nature of the captive
 

generation: a part of it could be stand-by equipment, and not
 

dedicated captive power.
 



TABLE 111-9
 

Non-PLN Installed Capacity - 1980 (MW)
 

Hydro Steam Gas Turbines Diesel
 

2.2 1006.1
Java 	 126.4 259.2 


231.8 	 304.2
Outside Java 169.5 32.9 


1310.3
Total 	 295.9* 292.1 234.0 


* 	 Includes 125 MW dedicated to sales to PLN and 165 MW for
 

the Larona nickel smelter.
 

Source: PLN Statistical Yearbook 1979/80
 



111.3 Transportation Sector
 

The transportation sector consumes about 30 percent of Indonesia's
 

total domestic use of petroleum products. Fuel use in this sector,
 

which is virtually all oil products except for small amounts of coal used
 

in railroads, has been estimated to be growing at a rate of about
 

14 percent per year for the period 1960-1977 (MIGAS), but more
 

detailed analysis of destifiation of fuels, especially light diesel
 

oil, yields a growth rate of 9.7 percent between 1978 and 1979.
 

Total consumption in 1978 amounted to 33,242 kboe (excluding
 

and in 1979 it grew to 36,454 kboe.
bunkers and Pertamina use), 


International bunkers amounted to 2800 kboe in 1978, consisting
 

mostly of jet fuel and fuel oil for ships; Pertamina's use for its
 

tankers and truck fleets adds another estimated 3242 kboe to transportation
 

uses of fuel in the country, bringing the total to 39,284 kboe, or
 

32 percent of total petroleum use in the country. The inclusion of
 

these two categories of transportation users is consistent with MIGAS
 

For purposes of the projection
accounting for transportation fuels. 


of domestic demand for transportation fuels, these two categories will be
 

analysed elsewhere. Table III-10 shows total petroleum use in transportation
 

Gasoline
for domestic use, international bunkers and Pertamina ovm use. 


comprises 57 percent of total domestic use, and light diesel oil
 

trends
another 31 percent. Fastest growing fuel is light diesel oil; 


in use of bunker fuels for ships are more volatile and depend largely
 

on the comparative fuel prices in neighboring countries.
 



Table III-10 Petroleum Consumption in Transportation 

1 

Kboe Transportation 
Sector 

1978 1979 

International 
Bunkers 

1978 1979 

Pertamina 
Own Use 
1978 1979 

Total 

1978 1979 

Aviation Gasoline 118 116 6 8 -- -- 124 124 

Jet Fuel 2,440 2,632 938 887 8 280 3,386 3,799 

Gasoline 18,572 20,013 - - 341 986 18,913 20,999 

Lt. Diesel Oil 11,090 12,717 59 54 527 657 11,676 13,428 

Industrial Diesel 494 527 238 254 514 283 1,246 1,064 

Fuel Oil 528 449 1559 1919 1613 1465 3,700 3,833 

33,242 36,454 2800 3122 3242 3671 39,045 43,247 

1 
Includes all uses by the Military. 



Fuel use by transportation mode is presented in Table III-11
 

and 111-12 for 1978 and 1979 respectively. Road transport consumes
 

more than 80 percent of the total and is detailed in the sect6r below,
 

broken down into trucks, automobile, bus and motorcycle usages. The
 

remaining modes are air, which uses 7-8 percent of total transport
 

fuels, ships at 7-8 percent also (this includes all uses by shipping
 

lines and freight, all uses by the Navy, and excludez use by Pertamina
 

ships and sales to international bunkers). Railroad use of petroleum
 

products amounted to 711 kboe in 1978 and is declining over the years;
 

kboe) are used in railroads
in addition some tons of coal ( 


in the coal mining region of West Sumatra. Fuel use for air transport
 

fuel and aviation gasoline sold in
tabulated here includes all jet 


the country, consisting of scheduled airlines, private aircraft 
(mostly
 

in petroleum exploration activities) and the Armed Forces.
 

All gasoline reported by Pe.tamina as sold to
Road Transport: 


dealers, industrial and commercial customers and the Armed Forces
 

are assumed to be used in road transport. In addition, all light
 

diesel oil sold by retailers (service stations) and that consumed
 

by the military. This allocation implies that light diesel oil
 

purchased by industries (and which can be in part used for trucks
 

owned by such firms) are excluded from road transport totals. Because
 

from other

there is no justifiable way to separate the transport uses 


uses in industry it wa.i decided to omit this diesel from the transport
 

sector as defined here. The escalation in use of diesel within industry
 

a function of economic activity in industry, and will be
 for trucks is 




TABLE III-11
 

Transportation Sector Fuel Use by Mode 1978
 

Kboe
 
Aviation Light Industrial
 

Gas Diesel Diesel Fuel
 
Oil Oil Oil Total
Gasoline Jet Fuel 


- 2565-- 2565Air 


333 711
 
- 364 14 

Railroad 


8813 - 27,385
Road Transp. 18572 


1912 480 194 2,586
Ship 

494 527 33,247
18572 2565 11089 




TABLE 111-12
 

Transportation Sector Fuel Use by Mode 1979
 

Kboe
 
Aviation Light Industrial
 

Gas Diesel Diesel Fuel
 
Total
Gasoline Jet Fuel OiL Oil Oil 


-- -- 2,5962596 --Air 


- 411 
 23 241
Railroad 

-- 30,194
- 10,181 --

Road Transp. 20,013 


2,837
2,125 504 208 

_Ship 


36,279
20,013 * 2596 12,717 527 449 

652 



captured in the projections under that sector.
 

The assumption that all light diesel oil sold by dealers (i.e.,
 

stations) is used in vehicles for transportation also merits
servi. 


For example, it is known that isolated systems of
attention. 


on occasion purchase diesel
 the national electric utility (PLN) 


locally from dealers. However, a comparison of fuel usage as reported by
 

PLN with the amount reported as sold to PLN by Pertamina yeilds 
no
 

Even taking into account stockpiling by PLN, it
such differential. 


would appear that PLN purchases from dealers are negligible. 
Other non

transportation uses of diesel sold at dealers are small 
industry, irrigation
 

Outside of plantation agriculture, whose
 pumps and farm machinery. 


fuel consumption is accounted for elsewhere, very few 
tractors and
 

Irrigation is overwhelmingly
agricultural equipment e:ists in the country. 


is also quite

achieved by gravity flow anO diesel use for pumping 


Lastly, the use of diesel by small industry (i.e., by concerns
 
small. 


that purchase it from dealers such as gas stations 
and distributors)
 

While gas stations in 1970
 
is small as described in a separate report. 


sold 7117 kboe of automotive diesel, other distributors sold 228 kboe
 

thousand or 3 percent of this amount.
 

Road transport modes of importance in Indonesia are trucks, 
buses,
 

automobiles and motorcycles. An estimate of the gasoline and light diesel
 

oil used by each of these modes can be made based on available 
information
 

No other reliable source of
 on number of vehicles of each type. 


information for this analysis exist, except of a 
Ministry of Transport
 

estimate that breaks total fuel use in road transport 
as follows:
 

bus 12.2 percent, automobiles 19,8 percent
Cargo 57.5 percent, 


A revised breakdown is presented in this
 and motorcycles 10.5 percent. 


section.
 



The inventory of registered trucks will have to be broken 
down
 

Trucks: 


a more meaningful estimate
 by size - or tonnage, in order to arrive at 


Visits to transportation companies,
of fuel use by freight on roads. 


trucks and have freight
that is, those companies that own fleets of 


for cement, and interviews with independent
on long term contracts such as 


From these sources, estimates of
 truck operators should be conducted. 


fuel use per day, or kilometers travelled per year can be 
obtained.
 

Small trucks, used mainly for distribution of goods in 
urban areas,
 

for providing personal transportation in service occupations 
(such
 

as hospitals or the telephone company) and for private 
transportation
 

are more difficult to survey and can be estimated by 
difference.
 

it is important to be able to separate intercity bus 
transportation


Buses: 


The largest fraction of registered buses
 from urban bus transport. 


are servicing the urban areas: urban buses have typically 
large loads
 

of passengers and slow speeds in traffic, so that their average 
fuel
 

Intercity buses are the main mode of transportation
economy is low. 


within islands, especially in Java where there are extensive 
road
 

networks, but also in the more sparsely populated islands 
such as
 

Sumatra where, despite the poor condition of roads, buses 
provide the only
 

mode of passenger transport between cities besides the airlines.
 

Intercity buses are high on yearly kilometers travelled, 
and can obtain
 

better efficiences than urban buses because of limited 
stops and higher
 

Visits to large bus companies are an important source 
of
 

speeds. 


information on average distance travelled per year and 
consumption of
 

gasoline.
 



The analysis has to focus separately on three-wheel
Motorcycles: 


motorcycles and on 2-wheel motorcycles. The latter are used*
 

predominately for private transportation in urban environments, 
and
 

have low yearly kilometer use and high efficiency. Three-wheel
 

motorcycles are part of the public transportation sector.
 



Gasoline use in 1978 amounted to 18,572 kboe,
Fuel Use in Road Transport: 


The breakdown by mode was made according to
and diesel 8813 kboe. 


assumptions on fuel efficiency and utilization rates (Km per vehicle
 

In addition, the published statistics
 per year) indicated in Table 111-13. 


on the number of registered trucks, buses, motorcycles and automobiles
 

were modified slightly to account for retirements of vehicles from the
 

Finally, the split between gasoline and diesel-powered vehicles
fleet. 


had to be made without supporting statistical evidence: all automobiles,
 

motorcycles and urban buses are assumed to have gasoline engines, all
 

intercity buses to have diesel engine and trucks are assumed to be 
one third
 

diesel and two thirds gasoline powered.
 

The estimations outlined above yield a total of 18,598 kboe of
 

gasoline and 8870 kboe or diesel, with 42 percent of this fuel used
 

by trucks, 22 percent by autos, 24 percent by buses and 12 percent by
 

motorcycles.
 

Vehicle registration statistics are not available for 1979, in
 

uhich road transport use of gasoline grew at 7.8 percent to 20,013 kboe
 

and of diesel at 15.5 percent to 10,181 kboe. This is consistent with
 

recent trends in vehicle registration growth: between 1975 and 1978,
 

the yearly growth rate in truck registration was 19.1 percent and 
that
 

of buses 18.5 percent, while that of automobiles was 11.6 percent and 
that
 

Table 111-14 shows registrations of
of motorcycles 18.0 percent. 


The higher rate of growth in
 vehicles for 1970 and 1975 through 1978. 


registrations when compared with the lower growth rate in fuel 
consumption
 

In part it could be that
does not have a straightforward explanation. 


vehicle inventory is in fact growing more slowly than the registration
 

statistics indicate (in the case where discarded vehicles remain 
listed
 

in the rolls); another explanation which is extremely unlikely 'V
 



TABLE 111-13 

Fuel Consumption In Road Transport
 

Estimation by Mode, 1978
 

Registration Inventory Utilization Fuel Eff. 	 Fuel Consumpcion 

Gasoline Diesel TotalFactor 


Km /vehicle Km /liter Kboe Kboe Kboe

Vehicles 


per year
 

3.8 7565 4097 11662

Trucks 331,658 0.75 30,000 


7.6 6037 - 6037

Automobiles 532,299 1.00 15,000 

Buses 58,365 0.75 

- 4773 4773100,000 2.9
Intercity 50% (est.) 


- 1771
3.2 1771
45,000
Urban 50% (est.) 

Motorcycles 1,960,237 0.70 

3 wheel 20% (est.) 24,000 21.0 1805 1805 

-- 14207,200 32.0 1420

2 wheel 80% (est.) 


18,598 8,870 27,468

All Modes 


Note: Automobiles, motorcycles and urban buses use gasoline, intercity buses use diesel;
 

by difference, 67% of fuel (in volume) used by trucks is gasoline and 
33% is diesel.
 

Source: E/DI estimates
 



TABLE 111-14
 

Vehicle Registrations
 

Motorcycles
Trucks Autos Buses 


20,451 424,809
99,814 235,816
1970 


35,103 1,191,771

1975 196,416 383,061 


40,001 1,419,.375

1976 223,062 420,945 


1,704,964

1977 278,979 479,335 	 48,089 


58,365 1,960,237

1978 331,658 532,299 


11.6Zp.a 18.5%p.a. 18.0%p.a.

1975-78 19.1%p.a. 

Growth
 
Rate
 

Biro Pusat Statistilk: Statistik 	Indonesia 1977-78
 Source: 




is that total kilometers travelled per year is decreasing 
or that fuel
 

Lowered kilometers travelled
appreciably.
efficicency has improved 


could come about with an oversupply of trucks (i.e., trucks growing
 

faster than ton-kilometers of freight to be transported), 
leaving a
 

large proportion of idle time per truck; for automobiles, decrease
 

in average travel per vehicle can be caused by an increasing 
proportion
 

of second cars (which is not likely in Indonesia). 
Other factors such
 

as congestion, especially in urban areas, lead if 
anything to higher
 

consumption of fuel per vehicle, and not less as is 
the observed trend.
 



111.4 Commerdial Sector 

The commercial sector consists of a 
variety of economic activities
 

This sector includes
 
that are grouped for the sake of convenience. 


warehouses, governmentretail establishments,all office buildings, 

buildings and services such as public 
works and street lighting,
 

The construction sector is also included.
 hotels, food outlets etc. 


Total energy used in the commercial sector 
grew from 10,951 kboe
 

in 1978 to 11,826 kboe in 1979. (Table 
111-15). Three-fourths of this
 

amount is kerosene; the amount is an 
estimate that assumes that 20 percent
 

of sales of kerosene are for the commercial 
sector (and the rest to
 

The use of kerosene in the commercial 
sector is for
 

households). 


The commercial
 
cooking and lighting, same as in the 

household sector. 


sectors cooking is in restaurants and 
other food establishments such
 

The use of kerosene in lighting of 
shops,
 

as roadside stalls. 


restaurants and public gathering places 
in areas without access to
 

rest of this consumption.
electricity makes up the 

The consumption of light diesel and 
industrial diesel is obtained
 

is the construction
sales data. The largest of these

from Pertamina 


light diesel.
used about 1 million boe of 
industry, which in 1978 

Part of this consumption, and that 
of government and commercial
 

buildings is for generation of electricity.
 

The use of town gas and LPG by the commercial 
sector (restaurants,
 

light of the limited total amount of these 
known. Inhotels etc) is not 

fuels sold to all sectors, the share of 
its use in the commercial sector
 

cannot be very significant.
 

I 



----

TABLE 111-15 

Sector (kboe)
Energy Consumption Commercial 

Electricity*

Light Diesel Industrial Diesel 


Kerosene 1978 1979
1978 1979
1978 1979
1978 1979 


-8823 

Foodstalls, restaurants 

etc. 8004 


45 66 
-- -- 871 820 --

Govt. and other institutions 


59 27
1021 923 

Construction 


951 1167
93
1892 1743 104

8004 8823


Total Commercial Sector 


*Data are for fiscal years; a breakdown 
by subsector is shown in Table
 



to about ten percent of total energywhich amountsElectricity, 

consumption in this sector is used 
in buildings, stores, hospitals
 

Electricity purchases by the commercial
 street lights and so on. 


sector represent 35 percent of 
total PLN sales, and have been 

growing 

- 1979/80. The 
at nearly 17 percent per year in the period 

1975/76 


most significant uses of electricity 
are in lighting and air conditioning;
 

Electricity
 
other uses include fans, elevators, 

and office equipment. 


sales to the commercial sector are 
broken down by tariff classes (Table 

111-16).
 

Fastest growing are the sales to 
the tariff class that includes
 

The latter
 
hotels (23.1% per year) and government 

buildings (23.1%). 


consumes one fourth of total electricity 
purchases of the sector.
 

Nearly forty percent is used 
in shop markets, retail stores 

and
 

The largest individual commercial 
consumers
 

other such consumers. 


are hospitals, hotels and office 
buildings that have monthly usages
 

of upwards of 1,000,000 Kwh.
 



TABLE 111-16
 

Commercial Sector, Electricity Purchases
 

Growth
 
Rate 1978/79 1979/80
 

Gwh
1978-79 Gwh
Tariff Class 


6.7% 221.6 239.7
 
Buildings (offices etc) GI 


23.1% 363.5 487.9
G2
Governments Buildings 


134.6
J 15.9% 116.2 

Street Lighting 


150.2
S2 14.9% 124.3 

Hospitals 


139.1
23.1% 103.6
H2
Hotels etc 


728.2
U1-U4,H1 16.5% 603.0 

Retail, restaurants, other 

Large Comm. 

16.7% 1532.2 1879.7
 



GLOSSARY
 

A common terminology has been utilized throughout this report to
 

that can cause confusion because different authors refer
denote terms 


to them by several synonyms. The terminology utilized in this report
 

is given in upper case in this glossary, followed by english
 

synonyms and occasional Indonesian usage.
 

LIGHT DIESEL OIL: middle distillate used as fuel in vehicles and
 

(ADO), high-speed diesel (HSD),
electric generation; automotive diesel 


minyak solar.
 

INDUSTRIAL DIESEL OIL: middle distillate with same chemical characteristics
 

as light diesel oil, used as boiler fuel by industry and in ships;
 

IDO, heavy diesel oil (IIDO), minyak diesel.
 

FUEL OIL: 	heavy distillate used as boiler fuel in industry, 
in
 

in steam driven electric generation; residua] oil, minyak bumi.
ships and 


TOWN GAS: 	high energy gas manufactured from petroleum, or naturil
 

gas; city 	gas.
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I INTRODUCTION
 

USAID-

This study was carried out as part of the first phase 

of a 


entitled "Energy Planning for Development in
supported project 

initiated inMay 1980 by the Directorate-General for 
Power
 

Indonesia" 

of the Ministry of Mines and Energy of the Government of 
Indonesia.
 

The study has covered the use of energy for productive purposes 
in
 

the rural sector, and has been oriented towards two principal 
objectives, viz:
 

to provide data needed for the completion
Firstly: 

of a preliminary macro-scale "Reference Energy
 

System"I that will, with due refinement, chart
 
sources
the relationship between all significant 


and consumers of energy in the Indonesian economy,
 

to yield an improved knowledge of the sectoral
Secondly: 

energy consumption pattern such as will allow
 

inter-sectoral comparisons to be made of -elative
 

energy intensity, and assessments of the economic
 

returns to energy consumption within th', sector,
 

taking into consideration the social auid environ

mental costs as well as those borne directly by
 

the energy user.
 

These insIghts are needed if there are to be objective 
assessments
 

of alternative development strategies. Develop
of the energy implications 

ment implies change, and this change will invariably extend 
to the pattern
 

of demand for energy and the supply systems operating 
to meet that demand.
 

Specific institutional interventions may well be necessary 
to ensure that
 

the direction and extent of that change accords with 
more general economic,
 

The available intervention instruments
 social and environmental objectives. 


may include pricing control, physical supply regulation, 
investment
 

incentives, purposive research and dev:iopment, etc.; 
the modalities of
 

adjustment may include, inter alia, improved usage 
efficiency, substitution
 

and the use of alternative (and possible innovative) energy sources.
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Without a clear understanding of the present 
pattern of usage, of the
 

and of the economic and techfactors that have tended to determine it, 


nical constraints to adjustment, the shaping 
of intervention policy, and
 

the choice of the appropriate instruments, 
cannot be soundly based.
 

The need for more accurate information on 
the sectoral energy
 

pattern is underscored by the widely divergent 
estimates of current
 

and the equally divergent opinions as to where 
the thrust
 

consumption -


Although, for reasons of
 
of instivutional effort should be directed. 


time constraints and imperfect data, the outcome 
of the present study is
 

inevitably lacking in detail and accuracy, 
it is hoped that it may prove
 

This will, undoubtedly,
 
useful as a precursor of a more systematic 

approach. 


require the collection, generation and processing 
of a substantial corpus
 

derived from both the disaggregation of macro-level 
data and the
 

of data -


For this task to be carried out expeditiously
synthesis of micro-level data. 


and efficiently it is vital that the relative 
importance of the separately
 

identifiable energy flows should be recognized 
from the onset, so as to
 

It is hoped
 
avoid wasting time and resources on insignificant 

minutae. 


that this study will contribute towards 
that end.
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II 	 THE RURAL SECTOR
 

For the purposes of the present study, economic activities 
have
 

been 	deemed to fall within the rural sector provided 
that they me2t the
 

following conditions:
 

i) They take place in the rural areas,
 

They are in the primary or secondary subsectors,
ii) 


Their 	products are at least potentially tradable,
iii) 


The activities have a reasonably wide geographical
iv) 

distribution.
 

On this basis, the rural sector has been taken to include:
 

i) 	Agriculture, whether on a plantation, estate farm
 

or smallholding scale,
 

ii) 	Most agro-industry on the downstream side (i.e. deriving
 

the bulk of its raw material input from agriculture),
 

Forestry, timber extraction and most primary conversion,
iii) 


iv) 	Extractive industry, as composed of clay and lime
 

industries, stone quarrying, sand and $ravel workings,
 

and the small-scale working of well-distributed minor
 

mineral deposits (such as kaolin, fullers' earth,
 

calcite, perlite, manganese, etc.),
 

Rural 	craft, textile and food industries,
v) 


vi) Discrete supply services (i.e. small water and
 

electricity supply schemes).
 

The important exclusions are domestic activities catering 
solely for
 

household needs, the transport sector (except where vertically 
integrated
 

with specifically-included sector activities), and that 
part of extractive
 

industry (more especially that conducted on a larger scale) 
that can more
 

rightly be regarded as being part of the mining sector 
rather than the
 

rural sector. The choice of definitional descriptors has, to some 
extent,
 

been 	determined by the collateral studies being made 
under the project.
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These have included a special survey of the domestic consumptions of
 

firewood and kerosene. The energy demand in industry and commerce
 

and for transportation in the entire economy has been separately addressed.
 

By avoiding overlap the task of final synthesis will be that much easier
 

to perform.
 

Inevitably there has been an element of arbitrariness in the
 

This can be defended on the
selection of subsectors to be included. 


grounds that the principal objective has been a better understanding 
of
 

the important energy flows, and that little would be gained by adhering
 

to a strict homomorphic categorization or by straining to conform 
with
 

other institutional definitions.
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III STUDY METHODOLOGY
 

To arrive at a correct understanding of the pattern of energy flow
 

in the rural sector it is important to recognize that both open and 
closed
 

In the former category are those subsystems
subsystems are involved. 


where the energy source (or, less commonly, the point of 
energy utilization)
 

Typical examples are the
 lies outside the activity/product envelope. 


activities relying on petroleum fuels or electricity sourced 
outside the
 

rural sector and, in the reverse sense, activities where 
a rurally-generated
 

fuel, such as firewood or charcoal, leave the sector for 
utilization
 

elsewhere.
 

The completely closed subsystems, by contrast, neither 
rely on exogenous
 

fuels or energy nor do they 'export' energy to non-rural 
sectors. A typical
 

- the energy for
 
example is subsistence level smallholder agriculture 


cultivation is supplied by the self-produced food and 
fodder that essentially
 

fuels the human and animal power inputs. In practice a number of hybrid
 

The sugar industry uses both petroleum fuels and selfsystems operate. 


(Cane residue after the extraction of sugar.) Similarly,

produced bagasse. 


the rubber industry may use rubber stemwood from replaced 
plantations as an
 

At the micro-level the cocoa-sugar producer
internal source of energy. 


will rely for fuel, to some extent, on plant debris from the same trees
 

that produce the sap from which the sugar is extracted. It will be
 

'openness' or 'closedness' of the subreadily apparent that the degree of 


systems reflects the extent to which the overall system 
is conceptually
 

disaggregated - if it were completely dissected there would, 
of co.-se, be
 

no closed systems. These distinctions are important in the context of
 

analysis because of the need to adopt tractable 
procedures; if too great
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a disaggregation is attempted then there 
are likely to be more open
 

systems, to which energy vectors can be attached, 
than can conveniently
 

conversely, if too little disaggregation 
is made then
 

be dealt with; 


the calculations of flows external to the activity envelope will 
convey
 

The degree of disaggregation appropriate 
to a
 

little useful information. 


taking into
 
particular study will normally be a matter 

of judgment, 


account the quantity and quality of available 
data, and the resources that
 

can be used to collect or generate additional 
data. For reasons stated
 

earlier, the present study has necessarily 
been somewhat superficial and
 

therefore, in terms of depth and degree 
of disaggregation, falls short
 

of what is properly required if robust 
conclusions are to be drawn.
 

So, though serviceable enough for present 
purposes, the analytical frame

work used here should not be taken to represent 
a methodological norm.
 

Indonesia compares favorably with many 
other countries at a similar
 

stage of development in that there has 
been a sustained effort to generate
 

time series and periodic enumerative data 
relating to industrial strength
 

At the upper end of the industrial scale 
spectrum there
 

and throughput. 

2 ,
 

is an annual survey of Large and Medium 
Scale Manufacturing Industries


3 at the 5-digit level. Published
 
categorized according to the ISIC code
 

- BPS), the
 
by the Central Bureau of Statistics 

(Biro Pusat Statistik 


results show the numbers of operailng 
units, the persons employed, the outputs
 

At the lower end of the spectrum
 
and inputs, and summarized financial 

data. 


there have been periodic censuses covering 
household, cottage and small

4 
At the time of writing (March 1981) 

the latest census 
scale industry .
 

of this sort for which results have 
been published was held in 1974/75;
 

more recent data are reportedly available 
at the provincial-level offices
 

of the Ministry of Industry, but have 
yet to be collated centrally.
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Data on the hectarages under cultivation, annual and perennial, and 
on
 

Corresponding data
the calculated output, are published annually by BPS. 


on animal and mechanical power inputs are, unfortunately, lacking; for
 

the numbers of tractors and irrigation pumps employed for agricultural
 

purposes other than on the large estates and plantations there are
 

available, however, the results of a Ministry of Agriculture enumeration
 

Thus, with the exception of nonof the serviceable units in 1977. 


manufacturing industries such as timber extraction, and non-industrial
 

activities such as forestry establishment and management, non-PLN electricity
 

generation and private or community-owned water supply, the data from 
official
 

sources provide a reasonably comprehensive picture, in a quantitative
 

sense, of the consumption points for energy in the rural sector.
 

Equivalent correlative econometric data on the supply side are,
 

The sectoral
however, either not readily available or are totally lacking. 


distribution of the sales of petroleum products from Pertamina's 
regional
 

depots, as shown in the consolidated monthly returns, are insufficiently
 

disaggregated for them to be of much value as a check on consumption
 

Rural consumption of PLNdistribution, except in a very general way. 


generated electricity, coal, coke and natural gas is not, on the 
evidence
 

of usage, statistically very important, and the non-availability 
or corrobative
 

sectoral supply data is, therefore, not a serious handicap to analysis.
 

As regards the overall contribution of biomass to the energy supply,
 

6 has been

there are at present no hard data

5. Hardjodarsono's 1978 paper


accorded a seminal status by various authors
7 but did not purport to
 

present more than very approximate estimates. A full critique of the
 

paper cannot be attempted here; it can perhaps be noted that after
 

presenting the (widely-cited) estimates for firewood and non-wood
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36.70 m tons on Java,
(agricultural residues) fuel for 1967-76 (32.43 

51.87 m tons outside Java) the author with commendable 
candor
 

35.01-


states that 'not much use is made of the waste products' comprising
 

94-97 percent of totals given for Java and 58-84 percent of the 
totals
 

given for outside Java. He suggests that what is actually used is the
 

unrecorded and unestimated production of home gardens and public 
land.
 

Altho,gh it could be a valid conclusion that the latter supply 
equilibrates
 

demand it clearly is not safe to use these figures (as is attempted by
 

some authors) as a basis for positive statements oh the adequacy 
or
 

Comparable uncertainties attach to the demand
otherwise of the supply. 


estimates as discussed below.
 

Thus, in general, although there are considerable amounts 
of relevant
 

data the coverage is uneven, many are out-of-date, and reliability 
cannot
 

always be assumed. Some of these difficulties arise because until now
 

energy matters have not been widely regarded as deserving 
special attention
 

in the more general surveys, and as a consequence, although 
the data may
 

be embodied in more general statistics they may be difficult 
to extract.
 

Regarding data quality, others
8 have emphasized the need for caution before
 

The
 
attempts are made to derive conclusions from cross-sectional 

data. 


principal reason for this is that the distinctions between 
enumerative
 

data, secondarily-generated data and putative data are often 
not explicitly
 

(unless there is
 
stated. Accordingly, it is often impossible to be sure 


access to the original sources) of the provenance of presented 
figures
 

and to what extent they are essentially conjectural. This is particularly
 

a problem when the 'informal' subsector is under consideration. 

In the
 

there is often overlap with the agricultural sector because
 rural areas 


farmers and farm workers will engage in non-agricultural 
activities during
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With a very large proportion of the economically
slack agricultural periods. 


active population engaged in agriculture it can 
be no easy task to get a
 

measure of this off-farm activity, and careful scrutiny 
of some regional
 

.
 

statistics has shown that they are to a large extent 
artificial9


On the theoretical level, two alternative approaches 
to the assessment
 

of a sector's energy consumption may be feasible, 
viz:
 

i) Calculation of energy inputs needed to produce 
the
 

measured or estimated quantities of output, using
 

techncial coefficients that specify the average 
energy
 

cost (in physical terms) per unit of output,
 

ii) Summation of the estimates or measured energy 
inputs,
 

again in physical terms, from aggregated enterprise 
or
 

subsectoral data.
 

The first alternative offers very considerable 
savings in analysis time
 

This depends on whether or not there are
 and effort if it can be used. 


available reliable data on output and equally 
reliable technical coefficients.
 

At the start of an assessment it will probably 
be impossible to establish a
 

position on this until some empirical tests 
have been carried out on the
 

This should explain why it is not possible to 
prescribe a
 

available data. 


Each case needs to be dealt
'standard' approach to studies of this sort. 


with on its merits.
 

In the present study an attempt was made to derive 
technical coefficients
 

from the results of the 1978 Survey of Large 
and Medium Scale Manufacturing
 

enterprises. Calculations were made of the energy consumption 
in barrels
 

of oil equivalent (BOE) per unit of output in a number of rurally-located
 

industry subsectors. While conforming to the rough rank order to 
be expected
 

from the nature of the processes involved, 
the actual coefficients were in
 

some cases significantly at variance with 
consumptions recorded elsewhere
 

Some of these differences could be attributed to
 
for similar processes. 


F\
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difficulties in properly apportioning energy inputs in the cases of
 

subsectors with multiple outputs; in some cases the apparently too high
 

technical coefficients could be related to pr, bable under-reporting of
 

output (as is likely, for instance, in the rice-milling subsector, where
 

' but will not feature asrice from custom-milling is prcnerly 'outpu 


such in an enterprise's accounts). Since-there was no way to be sure
 

that outputs had been accurately recorded the uncertainty would not be
 

10
 
dispelled even if internationally-accepted coefficients were used
 

As a result it was necessary to rely on a hybrid construct of energy
 

inputs. For rural industries, subsector-wide aggregates of energy consumption
 

were arrived at either directly from recorded inputs or from the calculated
 

physical equivalents of reported financial expenditures. In the case of
 

agriculture, the energy consumption for mechanized cultivation and irrigation
 

equipment was derived directly from the known inventory by making assumptions
 

regarding the hourly consumption and the number of hours worked per year. For
 

human and animal power input for cultivation, the energy input per 

the basis of the fuel cost of performinghectare has been calculated on 

etyetato
11. 


Ithe same work mechanically . Inputs of energy to the fuestry extraction 

the large-scale estates and plantationssubsector, the quarrying subsector and 

subsector (where not covered by the Industry subsector) have been derived 

For non-PLNfrom the Pertamina distribution statistics for 1979. 

Electricity and Water Supply the energy consumption has been calculated from
 

anecdotal evidence of inventory and assumed annual performance.
 

All estimates of energy consumption have been brought to a common time
 

base of the year 1978, by the use of appropriate adjustment coefficients. 

More complete details of the compilation methodology are given in Appendix 1 

of this report.
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It is somewhat unfortunate that the adopted methodology owes less
 

to what could be described as a 'textbook' approach, and more to the
 

the time of the study;
fortuitous availability of data and references at 


obviously this detracts from whatever heuristic value utaches to it.
 

The point needs to be made, however, that an opportunist and judgmental
 

approach is likely to be needed in any case, if the exercise is repeated 
in
 

the shorter term. It is likely to be some time before the survey and
 

enumeration techniques. of departments not expressly concerned with energy
 

are oriented towards explicit energy informaion extraction.
 

To conclude this section on methodology, it must be emphasised that
 

a source

the heavy reliance on data collected or generated by other hands 

is 


of weakness, if for no other reason that there is an observed tendency, 
in
 

'n.a.' entries as zeroes.
the pursuit of aggregate figures, to treat 


A further
Distortions introduced in this way are difficult to detect. 


12
 
is the use of widely differing standards of measurement
 source of error 


Ibis underscores the point that to produce reliable results the methodology
 

adopted for any future studies of this sort needs to incorporate a
 

to ensure that the analysis
substantial element of empirical work, so as 


rests on a solid foundation of fact.
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IV RURAL SECTOR ENERGY ESTIMATES, 1978
 

The estimates of the 1978 rural sector energy usage, obtained
 

by employing the methodology described in the previous section, and using
 

- 613.
data and coefficients shown in Appendix 1, are presented in text Tables I 


In the interests of presenting a synopic view there has been some consolidation
 

of the data shown more fully in the Appendix. In some cases analogous
 

subsectors have been subsumed under a general heading and in others subsectoral
 

detail has been omitted. There has also been some rearrangement of the data
 

(e.g. transfer of fish processing and tanneries to 'Food Industries' and'Other
 

to eliminate insignificant
Industries' respectively in Table 2 et seq.) 


detail.
 

Table 1 shows the inputs of energy to the different subsector groups
 

and the form in which that energy is supplied. The estimates for the
 

'oil equivalent' (BOE) of the human and animal inputs for agricultural
 

cultivation for food crops (the small-holder agricultural sector) are
 

The Large
included, to yield a total sectoral input of some 14 m BOE/yr. 


Scale and SmAil Scale shares of each subsector's energy consumption
 

are also shown. Table 2 shows the intra-subsector distribution of purchased
 

energy consumption as between the Large Scale and Small Scale elements.
 

In this table the supplies of petroleum fuels (other than Kerosene) are shown
 

Table 3 shows, for the subsector groups and subsectors
under one heading. 


the proportionate
(with disaggregation into Large Scale and Small Scale elements), 


Table 4 shows how
importance of each main supply source of purchased energy. 


the supply ofpurchased energy from each main supply source is distributed over
 

the various consuming subsectors. The distribution is also shown of the
 

share of the total supply taken by the Large Scale and Small Scale elements
 



TA..L I 

MUY INPJTS, RURAL SECTOR (INCLUDING FOOD CROP PROUCTION), 
CONSIWPTIO ST SUBSECTOPS AND SOURCES, BOE, ESTIMATES, 1978. 

Gasolice A.D.O. 1.0.O. Kerosene Residual O1 Firewood & Electricity. lunan and Totals I 

(solar) (Istesel) Charcoal Natural Gas, 
Coke & Coal 

Animal 

Poer 
Large 
Scale 

Small 

Scale 

ABe LTUP0E DEE DOE DOE OE DOE DOE BOE DOE 

PCRO 

- lood Crops 
- Other Crops 

(Subtotals) 

Ii2ITR¥ 

-

98 681 

(98 6RI) 

83 695 
928 414 

(1 012 109) 
197 407 

(197 407) 
-

-

-
44 925 

(44 925) 

-
-

-

2 655 000 2 738 695 
1 269 427 

(2 655 000) (4 008 122) 

-
100 

31.7 

100 
-

68.3 

- Sur.ar 
- Rubber 

(Subtotals) 

- Milling etc. 

- Nice 
- Other Grain 
- Animal feeI 

(Subtotals) 
- Veretable Oils etc. 

90 056 
8 240 

(98 296) 

696 
-

1 138 
(0 834) 

191 490 
431 927 
(623 417) 

774 755 
84 339 
28 448 

(887 542) 

475 188 
63 764 

(538 932) 

765 

-
(765) 

533 038 
14 256 

(547 294) 

433 
-

287 
(720) 

666 324 
9 296 

(675 620) 

-

-
-

505 000 
30 500 

(535 500) 

-

39 820 
9 666 

(49 486)' 

-
-

" 145 
(145) 

-
-
-

-

-

2 500 916 
567 629 

(3 068 545) 

776 649 
84 339 
30 018 

(891 006) 

58.5 
91.3 
64.6 

2.7 
-

89.1 
5.3 

41.5 
8.7 

35.4 

97.3 
100 
10.9 
94.7 

- Coconut Oil 
- Other Edible Oils 

(Subtotals) 

- Crop Drying etc. 
- Tea 
- Tobacco 
- Coffee 

(Subtotals) 

- Fish Processing 

- Tanneries 

2 771 
517 

(3"2R8) 

701 
2 122 

230 
(3 053) 

-

-

76 514 
12 406 

(8 920) 

22 662 
3 868 
7 009 

(33 539) 
-

-

24 237 
16 344 

(40 581) 

607 
82 
32 

(721) 

-

1 995 
4 514 

(6 509) 

3 776 
25 693 

366 
(29 835) 

-

-

-
-
-
-

-

301 
2 000 

(13 300) 

59 900 
66 560 

(126 400) 
37 700 

3 100 

3 39S 
1 615 

(5 010) 

124 
103 
186 
(413) 
-

-
-
-

-
-
-
-

-

120 212 
37 396 

L157 608) 

87 770 
98 368 

7 823 
(193 961) 

37 700 

3 100 

78.1 
90.2 
80.9 

79.9 
85.4 
41.5 
81.1 

-

-

21.9 
9.8 

19.1 

20.1 
14.6 
58.5 
18.9 

100 
100 

(Subtotals:Agro-industry) (106 471) (1 633 418) (580 999) (584 358) (675 620) ( 716 000) (55 054) - (4 351 920) 53.2 46.8 

InO.LSTRY 

- Extraction 37 860 1 898 478 16 371 - 6 450 - 1 959 159 100 -

- Conversion 17 762 258 496 1 668 2 385 - 2 070 - 282 381 93.2 6.8 

(Subtotals) (55 622) (2 156 974) (18 039) (2 385) (6 450) (2 070) - (2 241 540) 99.1 0.9 

I\%&!tALTIVE INI)RSIRY 
-fb1Urryinr and Minerals 
-L.ime 

- Clay l'roducts 
(Subtotals) 

F01) INDISTtIES 

1 072 
931 
236 

(2 239) 

87 34" 

37 819 
12 450 

(137 616) 

26 127 

84 186 

13 992 
34 406 

(132 584) 

-

18 
2 361 
2 263 

(4 642) 

435 119 

16 600 

245 680 
272 240 
(534 520) 

-

-
209 500 
949 200 

(1 158 700) 

577 802 

186 

3 058 
145 

(3 389) 

-

-
-
-

-

189 409 

513 341 
1 270 940 
(1 973 690) 

1 039 048 

94.4 

59.2 
25.3 
40.n 

-

5.6 

40.8 
74.7 
59.2 

100 

LRAIT IND)%iTRILS - - 58 804 - 73 542 - - 132 346 - 100 

TEXTII.E INDUSTRIES - - 25 034 - 50 700 - - 75 734 - 100 

OTHER INDUSTRIES 37 714 - 5 075 - 39 700 - - 82 489 - 100 

SOCIAL (Water, Amenity Elec.) - 75 840 - - - - - - 75 840 - 10 

T 0 T A L ; 263 013 5079789 929 029 1 115 417 1 261 515 " 2 616 464 60 513 2 655 000 13 980729 47.3 52.7 

lotals, Excludin6 lhumn 
anl Animal P'ou.r) 

( 263 013) (5 079 789 (929 029) (1 115 417) (1 261 515) (2 616 444) (60 513) - (11 325 129) 58.4 41.6 



TABLE 2
 

PURCHASE ENERGY, RURAL SECTOR (INCLUDING FOOD CROP PRODUCTIONI.. 

LARGE SCAL 
- AND SHALL SCALE Cfli'U1TION SHARES (BOE BASIS). ESTIMATES, 1978 

Gasoline (Benain). 

A.D.(. (Solar). 

I.D.O. (Piesel), 

L Residual Oil. 

Kerosene Firewood & 

Charcoal 

Electricity, 

Natural Gas, 
Coke & Coal 

TOTALS 

ScaleS 

Small 

Scdle 

ACKI CI I TI:Hk. DOE BOE BOE DOE BOE 

-tood 4Crops (Small Scale) 
- OLthr Crops ( Large Scale) 

83 695 

1 269 427 

-

-

83 
1269 

695 
427 

(Subtotals) (1 353 122) - (1 353 122) 93.8 6.2 

AGRO- I NOISTRY 

- Sugar and Rubber 
- Large Scale 
- Small Scale 

1 917 464 
18 801 

15 403 
531 891 

-
535 500 

49 486 
-

1 982 353 
086 192 

(Subtotals) 

- tHilling (Rice, Grain, Feed) 
- Large Scale 
- Small Stale 

(1 936 265) 

46 757 
843 384 

(547 294) 

720 
-

(535 500) 

-
-

(49 486) 

145 
-

(3 068 545) 

47 622 
843 384 

64.6 35.4 

(Subtotals) 

- Ver,.nlils ( Coconute, Fdible Oils) 
- large Scale 
- Small Scale 

(Subtotals) 

(890 141) 

106 424 

26 365 
(132 789) 

(720) 

2 837 

3 672 
(6 509) 

13 300 

(13 300) 
-

(145) 

5 010 

(5 010) 

(891 006) 

127 571 

30037 
(157 608) 

5.3 

80.9 

94.7 

19.1 

I111 I.",RiY 

-Crop lrying (TeaTobacco,Cofee) 
- Large Scale 
- Small scale 

(Subtotals) 

Extraction ( large Scale) 

- Conversion 

24 238 
13 075 

(37 313) 

1 959 159 

29 835 
-

(29 835) 

-

102 900 
23 5OO 

(126 400) 

-

413 
-
(413) 

-

157 386 
36 575 

(193 961) 

1 959 159 

81.1 

100 

18.9 

EXTRACTIVE iNI4ISTRY 

- Larbe Scale 
- Small Scale 

(Subtotals) 

258 749 
19 177 

(277 926) 

2 385 
-

(2 385) 

-

-

-

2 070 

(2 070) 

263 204 
19 177 

(282 381) 93.2 6.8 

- Quarryig & Minerals 
- Large Scale 
- Small Scale 

(Subtotals) 

178 527 
10 678 

(189 205) 
-

18 

(18) 

-

-

186 

(186) 

178 731 
110 678 

(189 409) 94.4 5.6 

- I.imse and Clay( Bricks & Tiles) 
- Large Scale 
-Small Scale 

(Subtotals) 

617 754 
-

(617 754) 

4 624 
-

(4 624) 

-
1 158 700 
( 158 700) 

3 203 
-

(3 203) 

625 581 
1 158 700 
(1 784 281) 35.1 64.9 

t-OOl1 

CRAFT 

INIM'STHIILS ( 

INI)ISTRIES 

Including Fish Processing) 
(Small Scale) 

(SPLLII Scale) 
26 127 

-

435 119 

58 804 
615 502 

73 542 
- 1 076 748 

132 346 -
100 

100 

TEXTILE INIAISTItIES (Small Scale) - 25 034 50 700 75 734 - 100 

OTIILR INIDUSTRIES ( Including Tanneries) 

S"OC'IAI. (Water, Amenity vlec.) 

(Small Scale) 

(Small Scale) 

37 714 

75 840 

5 075 

-

42 800 

-

- 85 589 

75 840 

100 

100 

.. a..l iL' :alhlu , 

I (I T A 

,'A ',ite" s 

L S 7 533 355 1 115 417 2 616 444 60 513 11 325 729 58.4 41.6 



TABLE 3
 

PURCHASED ENERTGY. RURAL SECTOR (INCLUDING FOOD CROP PRODUCTION):
 

SUBSECTOR SOURCES (BOE BASIS). ESTIMATES, 1978. 

Gasoline (Reasin), 
A.D.O. (Solar), 
I.D.O. (Diesel), 

&ResidualOil 

Kerosene Fireuood & 
Charcoal. 
(Dio-mass) 

Electricity. 
Natural Gas. 
Coke and Coal 

Totals Non-Biomass 

(5OE 
z 

(BOE) (DOE) 
z 

(BOE) 
z 

(BOE) 
1 

(DOE)
2 

AGRICULTURE (Food and other Crops) 100 - - 100 100 

AGI4O-1NDIISTRY 69.5 13.6 15.7 1.3 100 84.3 

- Sugar and Rubber 63.1 
(Large Scale Share) (96.7) 

(Small Scale Share) (1.7) 
- Milling (Rice Grain, Feed) 99.9 

(Large Scale Share) (98.2) 
(Small Scale Share) (100) 

- Vegetable Oils (Coconut.Edible) 84.3 

(Larne Scale Share) (83.4) 

(Small Srale Share) (R7.8) 
- Crop Drying (TeaTobacco.Coffee) 19.2 

(Large Scale Share) (15.4) 

(Small Scale Share) (35.7) 

17.8 
(0.8) 

(49.0) 
0.1 

(1.5) 
-

4.1 

(2.2) 
(12.2) 
15.4 
(19.0) 

-

17.5 
-

(49.3) 
-

-
--

8.4 

(10.4) 
-

65.2 
(65.4) 
(64.3) 

1.6 
(2.5) 

(0.3) 

3.2 

(3.9) 

-
0.2 
(0.3) 
-

100 
(100) 
(100) 
100 
(100) 
(100) 
100 

(100) 

(100) 
too 
(100) 
(100) 

82.5 
(100) 
(50.7) 
100 
(100) 
(100) 

91.6 

(89.6) 

(100) 
34.8 
(34.6) 
(35.7) 

OI.LSTRY 99.8 0.1 " 0.1 100 100 

0 

- Extra.:tinn 
- Conversion 

(Large Scale Share) 
(Small Scale Share) 

100 
98A 
(98.3) 

(100) 

-
0.8 
(0.9) 

-

-
-

-
-

0.7 
(0.8) 

-

100 
100 

(100) 
(100) 

100 
100 
(100) 
(100) 

I.XTRACTIVF INVIISTRY 40.9 0.2 58.7 0.2 100 41.3 

- Qtarrying E Minerals 
(Large Scale Share) 

(Small Scale Share) 
- Lime and Clay (Bricks.Tiles) 

(Large Scale Share) 
(Small Scale Share) 

99.9 
(99.9) 

(100) 
34.5 

(98.7) 
-

-
-

-
0.3 

(0.7) 
-

-
-

-
64.9 

-
(100) 

0.1 
(0.1) 

-
0.2 

(0.5) 

100 
(100) 

(100) 
100 

(100) 
(100) 

100 
(100) 

(100) 
35.1 

(100) 
None 

1-001. INDU'STRIES (Including 

(Small Scale) 

Fish Processing) 

2.4 40.4 57.2 100 42.8 

CrAFT IN IKSTRIES (Snail Scale) - 44.4 55.6 100 44.4 

TEXTILE INII)STRIES (Small Scale) 33.1 66.9 100 33.1 

OTIItl1 IN1'ISTRIFS (Including 
(Small Scale) 

Tanneries) 
44.1 5.9 50.0 100 50.0 

SOCIAI (ater,Avenity 

(Small EL-0d) 

Electricity) 

100 - - - 100 100 

TOrAi. 66.5 9.8 23.1 0.5 100 76.9 

(Large Scale Share) 
(Small Scale Share) 

(96.5) 
(24.5) 

(0.8) 
(22.5) 

(1.8) 
(53.0) 

(0.9) 
-

(100) 
(100) 

(98.2) 
(47.0) 

Source: Study Estimates. 



PURCHASES ENERGY. RURAL 
SUBSECTORAL DISTRIBUTION OF 

Gasoline (Bensin), Kerosene Firewood L 
A.D.O. (Solar), 	 Charcoal 

I.D.O. (Diesel), 

& Residual Oil
 

(DOE) (DOE) (DOE)z 	 Z 

AGRICI.TtIRE 

- Food Crops 1.1 
-16.9 - Other Crops 


AGRn-I NIUStRY 

- Sugar and Rubber 25.7 49.1 20.5 

- Hilling (RiceGrain,Feed) 11.8 0.1 -

- Vegetable Oils (Coconut &
 

Edible Oils) 1.8 0.6 0.5 

- Crop Drying (TeaTobacco
 

and Coffee) 0.5 2.7 4.8 


FORESTRY
 

- Extraction 	 26.0 - 

- Conversion 	 3.7 0.2 -

EXTRACTIVE INDUSTRY
 

- Quarrying and Hinerals 2.5 
- Lime and Clay(Bricks & 

Tiles) 8.2 0.4 44.3 

tOOD INIISTRIES 	 0.3 39.0 23.5 

(RAFT INDSTRIES 	 - 5.3 2.8 

- 2.2 1.9TFXTII.E INIAJSTIIES 

OTIIER INDUSTRIES 	 0.5 0.5 1.6 

SOCIAl. (Water, Amenity Electricity) 1.C - -


TOTALS 	 100 100 to0 


lar-e Scale Share 84.7 5.0 4.4 

Small Scale Share 15.3 95.0 95.6 


Large Scale Share
 
(Excluding Rice and
 
Grain Hilling
 
Subsectors) 95.3
 

Small Scale Share
 
(Excluding Rice and
 
Grain Hilling
 
Subsectors) 4.7
 

Larne Scale Share (Excluding Tobacco
 
Subsector) 2.8
 

Small Scale Share - " " 97.2 

5Wbtorc s Study Estimates. 

iABLE 4 

SLMTUK (INCLUDING FOOD CROP 
ENERGY (BOZ BASIS), 

Electricity. TOTALS 

Natural Gas, 

Coke & Coal. 


(BOE) (DOE)
-

0.7 

- 11.2 

81.8 27.1 

0.2 7.9 


8.3 1.4 


0.7 1.7 


- 17.3 


3.4 2.5 


0.3 1.7 


5.3 	 15.8 

- 9.5 

- 1.2 

- 0.7 

- 0.8 

- 0.7 


100 100 

100 58.4 

- 41.6 

PRODUCTION); 
ESTIMATES, 1978 

Lare scale 
HIMre of 

Overall total 


(DOE)2 

-
19.2
 

30.0 

0.7 


1.9 


2.4 


29.6
 

4.0 


2.7 


9.5 


-

-

-

-

-


100 


Small Scale
 
Share of
 
Overall total
 

(BOE)2 

1.8 

23.0
 
17.9
 

0.6
 

0.8
 

0.4
 

0.2
 

24.6
 

22.8 

2.8 

1.6
 

1.8 

1.b
 

100 



respectively. Shares taken by Large Scale and Small Scale elements of
 

each supply source total are also shown. Table 5 shows the distribution
 

(by major subsector groups, by subsectors within the Large Scale and Small
 

Scale elements, and by supply group) of the total purchased energy.
 

Table 6 shows the estimate (based on judgmental attribution) of the usage
 

of energy for different purposes in the sector, on a proportionate basis.
 

Table 6 is derived from the unconsolidated data shown in the Appendix.
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TABLE 5 

PURCHASED ENERGY. RURAL SECTOR (ItICLUDING FOOD CROP PRODUCTION); 
CONSUIMPTION DISTRIBUTION BY SUBSECTOR AND BY ENERGY TYPE (BOE BASIS), ESTIMATES, 1978. 

I.ArGE SCALE + SMALL SCALE 

Gasoline (Bensii). 
A.D.O.(Solar). 
l.P.O.(Diesel) 

& Residual nil 
(ROE) 

Kerosene 

(DOE) 

Firewood & 
Charcoal 

(ROE) 

Electricity. 
Natural Gas. 
Coke & Coal 

(DOE) 

Group/Subsector 
Totals 

(DOE) 

AGRICULTURE 
AGRO-INDUSTRY 
FORESTRY 
EXTRACTIVE IND1USTRY 
Fonp IN1 4STRIES 
CRAFT INDUSTRIES 
TFXTIIE INPISTRIFS 
nTIIEP INDI STELES 
SOCIAl. (W4ater. Amenity Electricity) 

11.95 
26.46 
19.75 

7.13 
0.23 

-
-

0.33 
0.67 

-
5.16 
6.02 
C 34 
3.84 
0.52 
0.22 
0.04 

-
5.96 
-

10.23 
5.43 
6.65 
0.45 
0.38 

-

-
0.49 
0.02 
0.03 

-
-
-
-
-

11.95 
38.06 
19.79 
17.43 
9.51 
1.17 
0.67 
0.76 
0.67 

Energy Source Totals 66.52 9.85 23.10 0.53 100 

IPGE SCAI E 
Agriculcure (Plantations.Estates) 11.21 

Aigro- Industry: 
- Sugar and Rubber 16.93 
- Hlling (Rice.GrainFeed) 0.41 
- Veg.Oils(Coconut.Edible) 0.94 
- Crop Frying(Tea,Tobacco. 

Coffee) 0.21 
forestry 

- Extraction 17.30 
Conversion 2.28 

Extractive Industrys 
- Quarrying and Minerals 1.58 
- Lime & Clay(dricks.Tiles) 5.45 

Energy Source Totals 56.32 

0.14 
0.01 
0.03 

0.26-

-
0.02 

0.04 

0.49 

-

-

-
0.12 

0.91 

-

-

1.03 

-

0.44 
-

0.04 

-

0.02 
0.02 

-
0.03 

0.53 

11.21 

17.50 
0.42 
1.13 

1.39 

17.30 
2.32 

1.58 
5.52 

58.37 

SMA Il.SCALE 
Anrlculture(tFood Crops) 
Agro-Ind- ustry: 

- Sugar and Rubber 
- Hilling(Fice.Grain,Feed) 
- Veg.Oils(Coconut.Edible) 
- Crtop eryrng(e~,~oacco, 

0.74 

0.17 
7.45 
0.23 
0.12 

4.70 
-

0.03 
-

4.73 
-
-

0.21 

-
-
-
-

0.74 

9.59 
7.45 
0.27 
0.27 

0 

Forestry (Conversion) 0.17 
Extractive Industryi 

- Quarrying and Minerals 0.09 
- Lime and Clay(bricksTiles) -

Food Industries 0.23 
Craft Industries -
textile Industries -
Other Industries 0.33 
Social (ater.Amenity Electricity) 0.67 

Energy Source Totals 10.20 

-
-

3.84 
0.52 
0.22 
0.04 
-

9.36 

-

-
10.23 
5.43 
0.65 
0.45 
0.38 
-

22.08 

-

-
-
-
-
-
-
_ 

-

0.17 

0.09 
10.23 
9.51 
1.17 
0.67 
0.76 
0.67 

41.63 

Sourcet Stjldy Estimates 



YABLE 6
 

fhERGY INPUTS AND PURCHASED ENERGY, RURAL SECTOR (INCILUDING FOOD CROP PRO-UC4-')" 

AND SHALL SCALE SECTOR SHARES, (DOE MAEIS), ESTIMATES, 1978.
USAGE OF ENERGY BY APPLICATIONS AND LARGE SCALE 

-TOTAL ENERGY I/- --- I bRCHASED ENERGY Y ---------- LARGE --- SHALL SCALE ---

Large Scale Small Scale Total Lar rScale Snall Scale Total SCALE
ISArE CATErnRY 

Share Share Share Share 1IUtIIAED TOTAL* 1 PIJRCNASEU 2L
(DOE 	 ENERGY
 
(WE) (BOE) (DOE) (DOE) (DOE) (DOE) 1 (DOE) (DOE) 

Food Crop Cultivations, 

- Hand Tools - 12.7 12.7 	 .... 24.0 

- Animal Draft Equipment - 6.3 6.3 - " 	 - 12.0 
(Subtotal) - (19.0) (19.0) .... (36.0) 

(Notat ing)Shaft Powers 

- Mobile (Vehicles.
 
Tractors.
 
Moveable Plant
 
and Pumps.
 
etc.) 3/ 18.9 0.6 19.5 23.3 0.7 24.1 40.0 1.1 1.8
 

- Stat iCS 

- Milling Equipment 

(Rice Hills,
 
Grain Hills.
 
Faed Hills.) 0.3 6.0 6.4 0.4 7.4 7.8 
 0.7 	 11.4 17.9
 

- Sawmills 	 (Timber) 1.7 "0.1 1.9 2.1 0.2 2.3 3.7 0.3 	 0.4 

- Others (Process
 
Machinery,

Electrical
 

Generators
 
Pumps. etc.) 14.2 1.0 15.2 17.5 1.2 18.7 
 30.1 1.6 2.8
 

(Subtotali 	Static
 
Equipment) (16.3) (7.1) (23.4) (20.1) (8.8) (28.9) (34.4) (13.5) (21.1) 

(Subtotals Mobile 
& Static Eqpt.) (35.2) (7.7) (42.9) (43.4) (9.5) (53.0) (74.4) (14.7) (22.9) 

Process [feat
 

- Directly Applied 
(Bricks, Tiles. 
Lime, Blacksmithing
etc.) 	 4.0 8.8 12.8 S.0 10.8 15.8 8.5 16.7 26.0 

Indirectly Applied
 
(Steam, Process
 
plant. Drying.Curing.
 
Concentrating, etc.)16.8 8.0 24.8 
 9.9 20.7 30.6 17.0 31.9 49.8
 
(Subtotals 	Process 

Heat) (12.1) (25.6) (37.6) (14.9) (31.6) (46.5) (25.5) (48.5) (75.8) 

L.ighting. Catering. Misc. 0.1 0.4 0.5 0.1 0.5 0.6 Ol 0.6 1.3 

TOTALS 47.3 52.7 100 58.4 61.6 100 	 1 100100 100 


1/ Iecludes Human and Animal Power inputs for Agrlcultural Cultivations
 
2/ Excludes " " - 

3/ In Small Scale Subsector: Tractors and Irrigation Pumps used for Food crop production.
 

Soturce 2 Study Estimates. 



V THE ENERGY CONSUMPTION PATTERN
 

RESERVAT IONS 

It is 	axiomatic that estimates of the sort attempted here can
 

reflect reality only to the extent that the underlying data are comprehensive
 

and accurate, and the statirtical transformations do not introduce
 

From what has been stated earlier, it will be clear that
distortions. 


no claims can be made that the present estimates are either free of bias
 

or that the degree of disaggregation is adequate. Several sources of possible
 

error 	can be identified, viz:
 

i) Use of stale data on activities in the Household, Cottage and
 

Small 	Scale Subsectors. It is to be expected that there have 

been structural changes (varying compositional strength) and
 

positive or negative growth in the period between the last
 

relevant census (1974/75) and the estimates base date (1978);
 

except where there is corrobarative evidence (such as that
 

showing recession in the small-scale textile subsector) it
 

has not been possible to make appropriate adjustments for these
 

changes.
 

ii) 	 The non-representativeness of financial data; this could be
 

so because of misreporting for fiscal reasons, or because
 

reported expenditures do not strictly relate to energy
 
Errors 	arising from
consumptions within a survey time frame. 


non-contemporanity are likely to be more serious in the case
 

of the larger scale enterprises taking fuel supplies on account.
 

Comparisons of reported expenditures on energy with reported
 

output values afford a means, itowever, of ensuring that no
 

gross errors are introduced in this way. It is foreseeable
 

that the use of financial surrogates will be unavoidable, for
 

quite some time, in future wide-ranging energy usage assessments.
 

iii) 	 Double-counting of energy consumptions where the activities
 

of individual enterprises are included in a number of
 

classification subsectors (for each of which the aggregate
 
at by 	 different estimation routes).consumptions may be arrived 

This is likely to occur where there is a marked degree of
 

vertical integration - as, for example, in the sugar industry 

where an enterprise may engage in production, primary and
 
In the context of the
secondary processing, transport etc. 


present study 'transport', per se, has been excluded from
 

consideration in the interests of facilitating the overall
 

project analysis. Undoubtedly, however, there will be an
 

overlap as between the energy consumptions attributable to
 
- e.g. 	own account operation
'internal' transportation purposes 
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of cars, tractors and lorries on estates and plantations, forests,
 

quarries etc. - and the fuel consumptions of similar vehicles
 
This particular
operating on the ordinary road network. 


overlap can be allowed for by making appropriate adjustments
 
'transport' energy consumptions;
when estimating the national 


there 	has been no basis, Lhough, for estimating the extent of
 

the ove-rlap between, say, the consumptions recorded by Pertamina
 

as being by the large scale agricultural sector and that recorded
 

(or estimated) by the industrial surveys in various agro-industry
 

subsectors.
 

iv) The non-inclusion of non-commercial fuels (e.g. self-collected
 

firewood and combustible agricultural waste) that may be used
 

While in some cases it would appear
to augment purchased fuels. 

that census enumerators have estimated the value of used inputs
 

in the informal sector, in other cases it is possible that the
 

available data relate only to recollected actual expenditures.
 

At the lower end of the size spectrum of informal sector enterprises
 

there are likely to be errors arising because of failure to
 

distinguish between non-domestic and domestic energy consumptions.
 

v) Underestimation on account of energy elements of 'closed' systems;
 

self-generated biomass does (or can) contribute importantly to
 

the energy used by agriculture-cum-agro-industry and forestry
 

enterprises but data are not readily available to allow a
 

quantitative assessment to be made of the actual amount of energy
 

obtained in this way.
 

vi) 	 General lack of precision in the basic census and survey data,
 

and the Pertamina sectoral attributions.
 

vii) 	 Incorrect assumptions made in the course of the study analysis;
 

in particular these relate to the attribution, to specific
 

fuels, of expenditures (at the Large and Medium enterprise level)
 

to the assumed employment and
entered under 'other fuels'; 

energy-intensity in the Small Scale enterprises; to the
 

proportions of the various subsectors treated as being respectively
 

'he purposes for which purchased fuels
urban and rural; and 

are used. In connection with the last point it should be
 

mentioned that there is anecdotal evidence that the relatively
 
(A.D.O. - 'Solar'), and
low price of automotive diesel fuel 


the small price differential between it and other non-gasoline
 
(Supply
fuels, has encouraged its use simply as a burning oil. 


constraints on other fuels have been an additional reason.) 
Some
 

allowance for this fact has been made in the analysis.
 

As regards disaggregation, a serious defect of the analysis 
is the
 

general lack of any identification of the regional variations 
in the
 

These 	are known to be considerable, reflecting,
energy 	consumption pattern, 


they must, the demographic pattern and the distribution of resources.
 as 
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The absence of regional differentiation stems mainly from the time constraints
 

imposed on the study, which forced concentration on national aggregates.
 

Data of the quality used in the analysis are available for at least some
 

of the regions and it is to be expected that they would be amenable to
 

It is perhaps arguable, however,
an extension of the present analysis. 


that it would be preferable to improve the quality of the analysis at the
 

national level (by establishing a more factual basis for assumptions and
 

by eliminating other sources of error) before focusing on the regional
 

aspects.
 

There are thus good reasons why important caveats attach to the
 

findings of this study, and it is opportune to reemphasize here that no
 

particular significance should be read into the use of unrounded figures
 

in the presented tables. What is of significance is the level of confidence
 

with which the figures can be regarded as representing the general
 

magnitude of the variable under considera-ion. This, in turn, depends
 

on the quality of the data and the extent to which unsubstantiated
 

In

assumptions have had to be incorporated in the estimation procedure. 


the case of tractors used for food crop production the relevant energy
 

consumption estimate is unlikely to be seriously in error because it is
 

in the case of small
derived from a detailed contemporary enumeration; 


scale jaggery production the estimates must be treated as being inherently
 

less reliable simply because some very general assumptions will have 
had
 

to be made before even arriving at the number of producers, let alone
 

There is thus a lack of uniformity in
 average production parameters. 


the results as regards reliability, which in many cases is likely 
to
 

vitiate any conclusions essentially resting on proportionately small
 

differences between comparable values.
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CONCLUSIONS
 

Notwithstanding the reservations stated above, it is nevertheless
 

believed that the general picture that emerges from the study provides
 

a fair 	representation of the energy consumption pattern in the rural
 

sector. Salient features are:
 

i) 	The importance of large-scale enterprises as consumers of
 

energy 	within the sector. These enterprises account for
 

close 	to 60 percent of the total purchased energy,
 

notwithstanding the fact that, in statistical terms, they
 

provide employment for a relatively small proportion of the
 

total rural workforce.
 

ii) 	 The concentration, within the Large Scale subsector, of
 
(1) plantations
energy 	consumption in three main areas, viz: 


and estates, (2) sugar and rubber primary processing and
 

(3) timber extraction. These activities together account
 

for approximately 45 percent of the purchased energy used
 

by the sector.
 

iii) 	 The concentration, within the Small Scale subsector of purchased
 

energy crnsumption in the sugar, milling, extractive and food
 

subsect s. These activities account for so~zq 85 percent of the
 

small .cale usage of purchased energy.
 

iv) 	 The very marked differentiation between the Large Scale and
 

Small Scale subsectors in terms of the types of fuels used.
 

The consumption of petroleum fuels, other than kerosene, is
 

largely concentrated in the larger scale enterprises; if
 

the milling subsector is excluded then these enterprises
 

account for some 95 percent of the energy consumed in this form.
 

On the other hand, kerosene consumption is concentrated in
 

the Small Scale subsector. Apart from the unquantified
 

consumptions within 'closed' systems there is virtually no
 

consumption of biomass fuels by the large scale enterprises;
 

the Small Scale subsector, however, derives about half of its
 

purchased energy from such fuelq.
 

v) 	 The relative smallness, in absolute terms, of the energy inputs
 

to food crop agriculture even when human and animal effort are
 

included in the calculation. The requirements of mechanical
 

equipment - tractors and irrigation pumps - associated with food
 

crop production account for less than 1percent of the energy
 

used in the sector as a whole.
 

vi) 	 The high proportion of the purchased energy supply - about 75
 
-percent in the Large Scale subsector and about 50 percent overall 


that is used to produce rotating shaft power.
 

As far as is known no comparable studies have been made covering the
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entire spectrum of energy inputs to the rural sector, and it is thus
 

not possible to check the validity of the supposed consumption pattern
 

Some support for the assessment of the
against the results of other work. 


biomass consumption is afforded, however, by the compositional detail
 

For 1971, his estimate for
of Hardjodarsono's aggregate demand estimates. 


the consumption of firewood by 'food' and 'non-food' industries on Java
 

was 345,000 tons (556,000 m3). This estimate was arrived at by applying
 

unit enterprise demand (from a survey that year in E. Java) to the most
 

This tonnage converts to
recent census enumeration of enterprise units. 

14 
. This is
827,000 BOE, using the coefficient employed in the present study 


somewhat below the present estimate of 1,915,000 BOE (2,517,000 BOE total
 

less the estimated consumptions for the sugar, rubber and tobacco subsectors
 

which are considered separately by Hardjodarsono). It is noted, however,
 

that the numbers of enterprise units used by Hardjodarsono for his
 

calculations are substantially smaller than those recorded in the 1974/75
 

census. An adjustment of Hardjodarsono's estimate on this account cannot
 

be undertaken because of uncertainties regarding the scale definitions 
of
 

the two censuses; it nevertheless seems likely that if this could'be
 

done it would suffice to align the two estimates. So, although the evidence
 

from this source is tenuous it can at least be said that it is not incon

sistent with the present findings.
 

The present assessment of the total amount of biomass used for fuel
 

industrially in the rural sector is, however, very much at variance with
 

This is because there is a very wide
HardJodarsono's total estimate. 


divergence of the estimates of the consumptions for the rubber, sugar
 

some
and tobacco subsectors. The present estimates for these total 


At 250 kg/r 3
 
3 (shown as 602,000 BOE in the presented 

tables).

1 million m


I)k'f
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this would weigh 250,000 tons. Associated with this is an estimated
 

consumption of some 530,000 BOE of kerosene thought to be used in small

in fact, an incorrect attribution
scale jaggery production. If this is, 


of the reported financial expenditure and it should rightly have 
been
 

some

attributed to firewood, then the estimate would need to be raised 

to 


470,000 tons 
15 

Given the general unreliability of the basic data the
. 


to go beyond that would
estimate could perhaps be rsised to 750,000 tons; 


almost certainly require collateral adjustment of the production 
estimates.
 

But this is still a long way short of Jardjodarsono's estimate 
under this
 

heading; this totalled 6.442 million tons ou Java and a further 1,000 to
 

980,000 tons outside Java. The compositional detail of this very sub

stantial increment to the food and non-food industrial estimate 
is not
 

given; it is stated, however, that for the native (i.e. small scale) tobacco
 

drying and rubber smoking processes the consumptions of firewood 
per ton of
 

3
3 


product are 15 m3 and 2.5 m respectively. These quantities would be very
 

much at variance with observed consumptions elsewhere if Hardjodarsono's
 

The 1,000 - fold variation
density coefficient (620 kg/m
3 ) is applied. 


as betwren the 'high' and 'low' estimates for the Out3ide Java consumption
 

suggest a high degree of uncertainty as to actual production 
basis for
 

Taking these two factors together, there would
this particular estimate. 


be legitima .: grounds for questioning the accuracy of this
 seem to 


There is, to be sure, a
 particular element of Hardjodarsono's estiriate. 


although

welcome correspondence between tve estimates for fish processing; 


not included in I's aggregates, Hardjodarsono's estimate 
for the use of
 

firewood for the pemindangan ikan and fish smoking process (93 percent 
of
 

3 in 1976. Using his density coefficient
production on Java) was 26,000 m


this is very close to the present estimate
this converts to 16,000 tons; 


of 15,708 tons (shown as 37,700 BOE).
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This does not suffice to dispel the more general doubts about the
 

correctness of Hardjodarsono's estimates for the industrial use of
 

Other

firewood, placed at about 7.5 million to 8.5 million tons in 1976. 


authors have undoubtedly been influenced by these assessments; 
Soemarwoto
 

(1979), for example, when discussing the general biomass balance, cites 

et al.'s data suggesting that fuelvood and wastes consumption iniadi 
 3 3 
3 to about 12 million m3 

from about 10 million mincreasedindustries 

between 1969 and 1978. This corresponds roughly with the starting level 

16 
. No further empirical evidenceand trend estimated by Hardjodarsono 

to support estimates of industrial consumption
appears to have been offered 

of biomass at these levels The present study has tended to show that 

tluira are inherent risks of substantial error if too much 
reliance is 

placed on reported or calculated output as the basis for the 
calculation 

on such methodologyof inpur.s. As HardJodarsono's estimates rely heavily 

there does not appear to be a strong argument for adjusting 
the present
 

of the earlier global estimates for industrialfindings in the light 

biomass usage.
 

are not, of course, immune to epistemic
The present estimates 

questioni-g, and further research could well show that the total arrived
 

or for the non-domestic biomass consumption errs on the low side 
by perhaps
 

(in the light of the current as much as the earlier estimates appear 

the high side. This notwithstanding, the
findings) to have erred on 


3 (shown as
 
contrast between the estimates is striking: about 4 million m


3 
or
fU-i the present study as against about 10 million m
2,517,000 BOE) 


A part of the difference may be explicable
more of alternative escimates. 
 17
 

; it

in terms of the inclusion or exclusion of 'closed system' biomass 


even when this is taken into account the
 
seems likely, nevertheless, that 


remaining difference will still be large. 
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In terms of the overall national production of wood that can be used
 

terms of the amount of fuelwood used domestically,for fuel, and also in 

large.

the unaccounted-for difference between the estimates is not 

eo 


into a conceptual increment to the distributedTranslated, however, 

pressure of industrial demand on supply it could profoundly 
affect the
 

outcome of calculations of the adequacy of resources within 
specific
 

In the realm of policy, the ctwice of intervention instruments areas. 

and modalities will most normally be determined by conditions 
at the
 

of better information these are assessed on the
margin; if in default 

basis of aggregates then it must be advantageous to have accurate 
aggregates
 

available. The attention now focussed on the role of biomass as an
 

energy source serves to underline this need; the discrepancy as between
 

that it is not at present being met and
the estimates tends to suggest 

that further efforts to obtain up-to-date and reliable data c,uld be 

readily justified. 

To return to a more general consideration of the pattern 
of rural
 

energy usage that emerges from the study, it can be observed 
that it
 

bearing in mind the distributionto what could be expected,conforms closely 

of resources and the developmental path that has been 
followed by Indonesia.
 

the traditional
The underlying pattern is that typified by energy use in 


village level industry; this reflects

forms of small-scale agriculture and 


to the access onl) to biomass fuels which, in the
 
an historical adaptation 

context of the investment affordable, have had utility only 
as sources of
 

animal
heat. The only power available has been that provided by humun and 

this, too, derives from the biomass. Limitations on what can be
 muscles; 


usefully done with heat obtainable from the direct combustt.on 
of biomass,
 

the outputs of man and beast, have combined to create 
a
 

and constraints on 


typical 'low energy' uystem that embodies few practices 
or technologies
 

q
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http:combustt.on


where it does so require then there
that require large energy inputs; 


will often be some degree of locatiova-specificity dictated by resource
 

availability (which in turn may depend upon the extent to 
which there
 

economic activity).
are competing claims from different types of 


Superimposed on this basic, essentially autarkic, pattern is 
the
 

,mergyusage of the modern and modernizing subsectors of 
the rural economy.
 

an earlier phase the introduction of large-scale agricultural
Although in 


and plantation units was accompanied by investment in equipment 
capable of
 

converting biomass to power and process heat, the present 
preference is almost
 

universally for oil-derived energy except where there are 
biomass-utilizing
 

'closed' systems. Two factors can be seen as deteimining this preference.
 

On the one hand, the oil-derived fuels have opened up technical 
and commercial
 

opportunities that did not exist when there was necessarily 
dependence on
 

These stem from the easy transportation of liquid fuels
 biomass for energy. 


(which in turn has been facilitated by developments in the communications
 

infrastructure) and from the fact that distillate-powered 
internal combustion
 

engines providre compact and relatively cheap sources of 
rotating shaft
 

power that can be used in both static and mobile modes. 
On the other hand,
 

at the micro level the price to the consumer of oil-derived 
energy has been
 

Thus,

highly competitive with thoqe ruling for the more traditional 

forms. 


where other conditions have been favorable the adoption 
of oil-derived fuels
 

as an energy source has not only reflected perceptions 
of opportunities for
 

an absolute sense, it has also often reflected an optimal
development in 


factor choice in the micro-economic sense.
 

The salients of modernity that have developed in the 
rural economy
 

have, to a very large extent, come about because of the 
availability of
 

In more recent years the consumer prices for
 
newer forms of energy. 
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oil-derived fuels have rarely reflected the full opportunity costs.
 

The advantage that this has afforded to subsectors technically capable
 

of exploiting oil-derived fuels shows up in the changes that have taken
 

place in the general structure and spatial distribution of rural industry.
 

Many activities that were once widely distributed have tended to become
 

Craft industries
 more concentrated and to be operated on a larger scale. 


have tended to diminish. To be sure, improved infrastructure has played
 

a part 1. this process, and has served in some respects to neutralize
 

the effects of the change it has wrought, inasmuch that for the rural
 

consumer the loss of some local sources of supply has been balanced 
by
 

easier access to supplies from elsewhere. But change has not been without
 

social cost; the widespread introduction of small rice and grain mills
 

(that have here been estimated to account for some 75 percent 
of the diesel
 

fuel used by the small-scale enterprises in the rural areas) has in
 

many cases resulted in the loss of employment for women who formerly
 

(The wider implications of such
performed the same work by hand. 


it seems likely, however, that this
developments cannot be explored here; 


is probably a typical instance of where diesel power has proved 
cheaper
 

than human power. It serves to illustrate the ruism that the technological
 

choice that best satisfies commertial criteria may not be the 
one that
 

would be indicated if employment creation were the main objective.)
 

The general effect of the availability of cheap, and indeed subsidized,
 

oil-derived fuels has been to reinforce the development of a 
bimodal rural
 

The 'low
 
economy and a corresponding bimodal energy consumption pattern. 


energy' pattern persists where for reasons of scale, the 
technical charact

eristics of the product, the demands of the market, or the relative 
costs
 

of the different types of energy dictate continued reliance 
on biomass
 

one way or another. Less proximate reasons may be the general level of
 in 
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development, the economic status of the people, the geographical location,
 

the standard of infrastructure provision, and even cultural attitudes.
 

Specific examples of where the oil-derived fuels find little application
 

small-scale agriculture (except where there are opportunities for
 are: 


technical irrigation and/or micro-mechanization), small-scale manufacture
 

of bricks and tiles, small-scale limeburning, fire-cured tobacco, small

scale rubber smoking and certain fish preservation processes. In an economic
 

sense these are activities that are not scale-neutral to the application
 

unless a certain level of output per enterprise is
of oil-derived fuels; 


reached it will simply not be economic to invest in the equipment needed
 

to utilize the non-biomasE fuels. (It is, of course, true that for some
 

More usually,
processes, e.g. fish smoking, biomass is a necessary input. 


however, it is technically possible to produce a substitutable product
 

without the use of biomass.) The economic viability of many of these small
 

It has,
biomass-utilizing activities is often sensitive to local demand. 


for example, long been the practice in the rural areas to fire bricks 
using
 

rice husks for fuel. The product has little structural strength, but has
 

Because it is a low
been found useful for non-load-bearing applications. 


value product, heavy and suscetible to damage, it will normally only 
find
 

a market close to the site of production. This may hold up only for as
 

long as competitive substitutes, e.g. trass blocks, are not available.
 

The complementary mode is the modern subsector, with a relatively 
'high
 

energy' pattern. This description is warranted not only because in
 

absolute terms the modern sector takes the larger share of the total
 

of purchased energy, but also because the activities and processes
 

involved are generally more energy-intensive as measured by both the
 

labor inputs and the product outputs. It is difficult to adduce
 

the modern sector is not scalemeaningful indices to illustrate this as 
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specific. The generalization is, however, well-supported by the data.
 

To take the instance of the agro-industry subsector, the large-scale enterprises
 

as a group and the small-scale milling enterprises can be regarded 
as
 

representing the modern sector. Together they account for around 70 percent
 

of the total energy used by the subsector, but they only account 
for about
 

For the remaining small-scale enterprises,
30 percent of the employment. 


On

which represent the traditional sector, the proportions are reversed. 


these aggregates it can be said that employment is over five times 
more
 

energy-intensive in the modern sector than it is in the traditional sector.
 

this bimodal pattern can be discerned, the
Although in general terms 


Use of kerosene has spread throughout the
distinction is not clearcut. 


This development,
sector, for industrial as well as domestic purposes. 


which has accelerated in recent years, has undoubtedly been assisted 
by
 

pricing policies which have (at ever-increasing subsidy cost) effectively
 

maintained a rough parity(in terms of cost per unit of heat producible)
 

The invest
between kerosene and much of the commercially traded firewood. 


ment needed to utilize kerosene either domestically or for small-scale
 

and it is not, therefore, surprising
industrial processes is relatively small
18 


It is,

that it has become the main complement or substitute for firewood. 


of course, widely used for lighting, and it is possible that in the 
present
 

analysis there has been significant error in apportioning the 
small-scale
 

consumption as between heating and lighting usage.
 

It seems likely that the price structure adopted for all oil-derived
 

involving, in recent years, an element of subsidy throughout the
fuels 

range - has led to some usage practices that would not have occurred had
 

true cost prices obtained. The use of kerosene for the drying of tobacco
 

So, too, is the use of
 
in larger-scale enterprises is probably an example. 
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A.D.O. (solar) for the firing of bricks, again in 
larger-scale entL.rprises.
 

Reportedly, in the latter instance, theadditional 
cost of A.D.O as
 

19 . Supportive evidenceOil, economically bearablecompared with Residual is 

that an artificial price structure can induce an 
anomalous usage pattern
 

in 1976 and 1977 the cement industry
 comes from outside the sector 

accounted for 66 percent and 76 percent of the 
reported total industrial
 

20 In 1979, the same industry's consunption
usage of kerosene . 

82 percent of its consumption of Residual of A.D.O. anrl I.D.O. amounted to 


21
 . Without further investigation it is uot possible to make firm
 Oil 


tend however, that for 
conclusions on this evidence; it does to suggest, 

efficiency enterprises (or those with some special advantage) the general
 

level of prices that have obtained for oil-derived 
fuels have allowed trading
 

margins that have been large in relation to the 
price differentials
 

This raises the possibility (for which there is much
 
between fuel types. 


general supportive evidence) that much of the 
oil-related structural change
 

in the rural economy owes as much to the actual 
cheapness of the energy
 

provided by oil-derived fuels as it does to their 
capacity to promote
 

innovation.
 

This, of course, conforms to the observation made 
earlier that the
 

choice of energy systems, and the technologies that go with them, is as 

it is a matter of technical or social
 matter of micro-economics as
much a 


It is clear that the wider availability of oil-derived
 appropriateness. 


energy has been a potent agent for change and 
development in the rural areas.
 

It is also clear that the incidence of change 
has been skewed towards the
 

- of which enhanced
 
subsectors where there have been predisposing factors 


- that
 
comparative advantage afforded by low fuel prices 

will be one 


have favored the adoption of the associated technology. 
What is less clear
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is whether this characteristic imprint of the newer, oil-based, 
economy
 

Arguably

accords with the perceived overall economic and social goals. 


it does not, if only on the grounds that good crop agriculture's 
gain, at
 

least in a direct sense, from the 'energy revolution' has been minimal. 

Many rural industries may have been casualties rather than beneficiaries.
 

These and other cognate issues cannot be pursued fully in this 
report;
 

that they can be identified as issues serves to stress, however, 
the
 

to obtain a clearer understanding of the energy
importance of all efforts 

usage pattern and the reasons for its characteristics.
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VI DEVELOPMENTAL OPPORTUNITIES 

With an increasing population, finite reserves of fossil fuels
 

and an economy that is becoming progressively more energy-intensive,
 

Indonesia has good reasons to share the world-wide interest 
in finding
 

more efficiently, and in the
 new ways to conserve energy and to use it 


exploitation of hitherto untapped resources, particularly the 
renewable ones.
 

Considerable manpower and research resources are being devoted 
to exploring
 

But if the potentials iincovered are to be
 the potentials in these areas. 


meaningful in developmental terms they need to be realized 
in the working
 

in the lives of the people. An integral and necessary
of the economy E 


part of the more general effort must therefore be an examination 
of where
 

and how newer forms of energy, or new utilizing devices, 
can be usefully
 

introduced, and of the constraints that will tend to determine 
the pace and
 

scale of introduction. In a wider perspective, whether or not some innovation
 

can rightly be termed 'useful' will be determined by the net improvement
 

The assessment of the value
 effected on the entire socio-economic fabric. 


of specific technical proposals cannot, therefore, proceed 
without reference
 

to the more general economic and social contexts.
 

From the purely technical point of view, the opportunities 
to change
 

the pattern of energy usage in Indonesia's rural economy 
are legion,
 

even if there is access only to the world's shelf of tried and proven
 

technologies. Whether it is a question of using novel fuels, such as coal
 

or peat or converted biomass, or of capturing locally 
the energy content
 

of sunshine or wind, or of employing energy-efficrent 
equipment and methods,
 

there will be few cases where there are no precedents 
showing how this can
 

On-going adaptive and applied research and development 
efforts
 

be done. 
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are continually discovering new variations of these techniques 
and
 

widening the range of technically feasible options.
 

But in the world of economic reality the choice of what can 
actually
 

be used will be within the subset that is covered by what 
can be afforded,
 

by what gives an acceptable return to the investment involved, 
by what
 

as
is available through the supply mechanisms and by what is perceived 

The subset may be further reduced if it must also be
 
meeting felt needs. 


covered by what is socially acceptable or desirable, by what 
conforms with
 

political and developmental alms, and by what is culturally acceptable. 

may be in a position to influence theIn many ways Government 

can support purposive
size of the usable subset of technologies. It 


extend the area of technical choice. With appropriate
research that seeks to 


instruments it can regulate the economic constraints. Legislatively it can
 

to be contrary to social or developmental
inhibit trends adjudgedcontrol or 

policy. And in the formulation of its policies and in the design 
of its
 

can take cognizance of the energy implications
programs and projects it 


and, if need be, make adjustments in the interests of securing overall
 

On the supply side it lies
 improvement in the supply and use of energy. 


within the power of Government to channel investment resources 
appropriately.
 

The domain of energy planning, even in relation to the 
rural sector, is
 

thus large and, because it needs to know the returns it may expect from its
 

interventions, Government has a vital interest in the 
developmental
 

Some
 
opportunities, in the energy sense, in the various rural 

subsectors. 


of these are discussed below to the extent that they have 
been elucidated
 

by the present study. It must be emphasized, however, that the conclusions
 

are based on exiguous data, and that confirmatory evidence 
should be sought
 

before they are used to support any policy decisions.
 

Si
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Agriculture
 

If the share of the total energy applied were a measure 
of relative
 

importance, then food crop agriculture would probably 
appear at the bottom
 

so
 
of any table ranking the major groups of economic 

activity. This is 


despite the fact that this is the activity that 
provides the livelihood
 

of the majority of the population and to which most 
of the developed land
 

- is devoted.
 
resources - the product of piecemeal investment over centuries 


By some standards this must be judged an anomalous 
situation, considering
 

the present and future importance of food crop production 
in the life of the
 

nation, and the pressing need to raise rural living 
standards. It may seem
 

recent years Indonesia
 
even more anomalous when it is remembered that in 


has been a major importer of rice.
 

The low energy inputs to food crop agriculture 
- contributed for
 

the most part by human and animal labor - reflect the systems that have
 

evolved in a situation where neither the energy 
resources nor the technology
 

Increasing population pressure
 were available for them to be otherwise 


- at least on the
 
on the limited land resources has caused these systems 


to become fixed features of the rural
 more densely-peopled islands -

There is ample evidence that increased energy inputs 
to agriculture 

economy. 


some cases, more extensive or more
 allowing faster, more timely and, in 


would increase land productivity through increased
 frequent cultivation 

yields and higher cropping intensity; it is also evident that for this
 

to happen many of the traditional systems would need 
to be supplanted by
 

newer systems that would require, inter alia, adjustment 
of usufructory
 

and tenurial arrangements. Discussion of the conditions for such change
 

it must suffice to say that in the
 
is beyond the scope of this paper; 


The
 
short to medium term there is little prospect that 

it will happen. 
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negligible impact of the attempts to introduce farm mechanization in
 

So, although the technical means
Java bears eloquent witness of this. 


are at hand for increasing agricultural output through the injection
 

of more energy, non-technical constraints largely bar their application.
 

But arguably this is not universally true. Currently the land
 

allocation in the transmigration areas is two hectares per settler family.
 

Reportedly the average area that settler families are able to cultivate
 

and raise food crops on is only 0.7 hectare
22
. The reason given for
 

this is that to do more is beyond the capability of the average family
 

when they only have the traditional means of cultivation - muscle power 

available. Evidence from many other sources lends credence to this
 

This would seem to provide a good example of where the
explanation. 


means to apply energy is actively constraining production.
absence of a 


In contradistinction to many of the more populous localities, the trans

migration areas offer many more opportunities to introduce new farming
 

systems. So far, however, institutional support for any form of food crop
 

mechanization has been lacking from the transmigration prograna. Consequently
 

there is, by and large, adherence to the traditional systems. In the wider
 

context, it would seem difficult to justify this attitude, although it 
is
 

easy to see that with competing claims on available investment and development
 

resources the funding of these programs will often have been insufficient 
to
 

For, to be sure, if
allow full rein to expansionist and innovative ideas. 


mechanization were to be an integral part of resettlement programs the
 

totality of investment needed - in both machines and in initial land
 

-

preparation (and, in many cases, irrigation, drainage and protection works) 


would be considerably greater than is now the case.
 

which could
The justifications for such higher levels of investment -
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well include the inducing of a greater flow of transmigrants 
than now
 

is not the purpose of this paper; meriting discussion, however,
obtains 

are two of the arguments that have and are being advanced in 
some quarters 

On the one hand it is claimed that against farm mechanization per se. 


mechanizatiox, displaces labor and that this exacerbotes the social problems of
 

unemployment: on the other hand it is said that mechanization 
is
 

oil-dependent, consumes energy and generally places food supply
 

in thrall to a continuing oil supply.
 

In relation to the transmigration areas it is difficult to
 

As regards the
 
see why the first argument should carry any weight at all. 


second argument, the findings of this study, together with 
those of the
 

collateral studies under the project, suggest that the 
fears expressed
 

with regard to oil-dependency etc. are misplaced, simply 
because
 

the quantities of oil-derived fuels that would be demanded 
by even a
 

the current
 
fully mechanized agriculture would be so small in relation 

to 


total consumption that it is difficult to envisage the circumstances 
where
 

It is
 
they could not be afforded however stringent supplies 

may become. 


obvious that there are many areas of consumption, of 
far lower priority
 

in social terms than food production, where economies 
could and would be
 

It shoud be mentioned here that some of the fuel consumption
made first. 


estimates for mechanization that have been quoted in relevant 
literature
 

they can only relate to very different circumstances
 are grossly misleading 

(if, that is, they relate to anything). In Indonesian conditions 20-40
 

liters of diesel fuel per hectare per year will substitute 
for the inputs
 

for cultivation now almost universally provided by man 
and beast; this
 

a modest investment in relation to the returns expectable.
is 


The purpose of this particular discussion is to dispose 
of argument
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that mechanization should be discounted simply because it is costly 

in energy terms. Manifestly it is not, either in absolute or relative
 

is indeed arguable that nationally the diversion of a partsenses. It 

of the present energy consumption into agriculture in this way would
 

substantially raise the gross returns, in welfare terms, from energy
 

This said, it has to be emphasized that the energy
expenditure. 


cost is only one aspect of mechanization: many other factors are
 

They relate to an array of agronomic, edaphic, environmental,
relevant. 


econonic and commercial issues that cannot be addressed here. But to 

conclude this section the suggestion can perhaps be allowed that at the
 

wisdom' on mechanization (atpolicy-making level the conventional 

least in the transmigration ares) should be reappraised.
 

Agro-Industry
 

Although the agro-industry subsector covers a wide spectrum of
 

activities a near common feature of most enterprises is an easy access
 

This will norLally be
to combustible agricultural waste material. 


available either as discarded material that can be purchased or simply
 

or
taken away from the agricultural production site - the 'farm gate' 

as a by-product of an agro-industry's own process.
 

The energy requirements of most agro-industries relate to the
 

provision of shaft power, or relatively large amounts of process heat.
 

The identification of where there may be opportunities to change the
 

pattern of energy consumption in a beneficial way essentially turns
 

which this biomass is or can be appliedon an examination of the ways in 

to meet these requirements.
 

Increasing the industrial usage of agricultural wastes is likely 
to
 

result in some net reduction of the demand for oil-derived fuels, of which
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there is at present a large consumption in 
the agro-Industry subsector.
 

This gain is not likely to be made at the expense 
oC other consumers
 

are not an important source of
 since, by and large, agricultura) wat,. 


Intensive use of this
 
energy (discounting grubbed tree crops, cc.). 


rith the most severe fuel
areas
material tends to be restricted to the 

The reason for the more general neglect is 
that many crop

deficits. 


of bulkiness, high water retentivity
residues are inconvenient to use becau: 


and smokiness when burnt, and because much 
more attention to the fire is
 

often needed.
 

then tlic direct combustion of the waistes
Where the demand is for heat 

efficient way of capturing and utilizing the 
will in most cases be the most 

nvoIving ferMenLation, gasifitation, carbonenergy they contain; routes 


cannot offer any increase in the absolute yield of heat.
 ization, etc., 


Efficient direct burning may require special types of appliances, 
such as
 

designs are evailable
Lhe IRRI-type husk burner 2 4 .,nd Petersen-tyTz boilers; 

Where the demand is for shaft power, then the utilization of
for these. 


biomass inevitably requires mosr complicated and most costly plant. 

Processes will normally involve either stem-raising with 
associated
 

piston or turbine engines 2 5 or gasification with associated I.C. ongines. 

Again, basic designs are available though some adaptive development 
may
 

be necessary to match the charzcteristics of the local wastes.
 

Determining whether there arp opportunities to usefully introduce
 

and promot, this sort of technology and hardward cannot be undertaken
 

in the abstract, since essential elements in necessary economic appraisal
 

will include, inter alia, the operatitig margins, the avaiability and
 

opportunity cost of capital, the costs of alternative equipments, the oil-


Also to be taken
derived fuels, the (in-plant) cost of available biomass. 




into account will be the question of the seasonality of the biomass supply;
 

this may or may not coincide with the plant's cycle of operations. With
 

this nimbe, of variables it is clearly infeasible to try to identify here
 

very specific examples of possible applications of these technologies.
 

There is a substantial body of opinion that holds, however, that
 

unless and until there is a substantial reduction of the gap between
 

the realized price for oil-derived fuels in the domestic market, and
 

the relevant shadow prices, then in the absence of actual physical shortages
 

there will be little incentive for energy users who have already adopted
 

If this is true, and
the oil-based technology to swing back to biomass. 


in the hypothetical situation where the gap between the two price levels
 

is not changed, then it could be that the main energy savings could come
 

from industries that already use biomass, such as bagasse, and are willing
 

improve usage efficiency.
to in-jest simply to 


Certainly it is difficult to see the smaller agro-industry units,
 

such 3s the small rice mills, being weaned away from diesel power 
while
 

fuel prices remain low, unless there are some very special incentives,
 

such as concessionary credit terms. Possibly these could relate to
 

additional equipment such as pyrolysis plants, currently the focus of
 

This process differs somewhat from those
empirical work at Bandung. 


it ranks as an energy-producer not an energy-consumer,
considered above in that 


The future for this process in Indonesia
hence its treatment separately. 


if the prices of petroleumwill be determined by relative prices: 


derived fuels and wood charcoal stand above the break-even prices for
 

pyrolysis oil and char, then there is a change that it may become
 

-. If they stand below then it is unlikely.
pop.' 


Given the present state-of-the-art, it seems unlikely that in 
the
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agro-industry subsector there is very much scope at present for 
the
 

If the coal resources
application of solar power, windpower or methane. 


were to be more intensively developed then, provided the price
 

relativities allow, coal could replace some oil-derived fuels, 
and, indeed,
 

Given the prevailing
possibly some of the currently used wood fuels. 


prices for electrical energy as supplied by PLN it seems unlikely
 

that there will be much development of the use of energy from 
this
 

Larger plants will continue auto-generation, mostly dieselsource. 


powered.
 

Forestry and Timber Subsectors
 

Forestry and timber extraction offer few opportunities to
 

vary the rural sector energy consumption pattern, other than 
through
 

For the internal operations
the household consumption of by products. 


they are heavily dependent on diesel-driven mobile equipment; 
there are
 

Major conversion plants, on the
 no substitues, at present, for these. 


other hand, can use wood waste for the development of shaft 
power
 

Many older plants were equipped to do this
for static equipment. 


some more modern plants have .tilized
through the steam rout,-


It seems likely that the use of such plants could be
 gasifier plants. 


extended. As in the case of agro-industries, a precondition for this
 

to happen could be rise in the price of oil-derived 
fuels.
 

'hereare undoubtedly many opportunities to increase the
 

useful yield of the forest resources by utilizing biomass that
 

now goes to waste for the purpose of making charcoal in 
either static
 

This fuel has never gained the popularity in
 or mobile plants. 


Indonesia that it has in some other countries - fortunately, some may
 

be disposed to argue - and the concomitant of any significant development
 

of this resource is a change in the domestic energy consumption 
pattern
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so as to favor this fuel. It is by no means certain that this
 

would happen spontaneously on a significant scale in the absence
 

Some advocates of
of a substantial rise in the kerosene price. 


charcoal have accordingly suggested institutional effort to promote
 

If this should be necessary
the distribution and use of charcoal. 


it may be a legitimate question to ask if timber concessionaires
 

will consider the prospects of the market sufficiently good to invest
 

Possibly institutional support
in the manufacturing operation. 


To some observers the case for
 may be needed in this area, too. 


attempting to develop a much larger charcoal industry is far from
 

self-evident, and it is clear that there should be careful appraisal 
of
 

all the ramifications of any proposed charcoal project.
3
 

of timber are
It has been estimated that some 4 million m 

26
 

still pit-sawn into planks annually in Indonesia . In energy terms
 

this is perhapc not very important; it does nevertheless 
provide an
 

example of the difficulties attaching to developmental 
planning
 

Technically the equipment is obsolete; economically

in Indonesia. 


the productivity may be low, and socially the reqards 
may be inadequate.
 

Substitute mechanical saws and the productivity will 
certainly
 

increase (and the energy consumption will increase), 
but unless
 

the market expands some sawyers will now get no rewards 
at all.
 

sort somewhere

Almost invariably there is a social ccit of this 


as a concomitant of a technical change.
 

Extractive Industries
 

The usage of energy in the extractive industries 
is predominantly
 

for providing the process heat used for calcining 
limestone or
 

As with the cement industry (also extractive but
 for firing clay. 
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regarded here as part of the industrial rather than the rural sector)
 

neither process is fuel specific. With appropriate methods the
 

common calcareous raw materials can be calcified using wood or coal
 

For clay products the range is even wider, reflecting the
 or oil. 


product diversification. In addition to the fossil fuels the biomass
 

materials that may be burnt include rice husks and straw. Both
 

processes antedate the oil era, and neither necessarily demands
 

sophisticated or costly plants.
 

With the availability of cheap oil-derived fuels there has been
 

a marked switch to this mode, showing a standard micro-economic response.
 

It would also seem that this has been accompanied by some degree of
 

structural change in these subsectors, with more of the activity 
in the
 

hands of larger enterprises, and also some degree of spatial 
shift,
 

with the loci of industry moving away from the biomass sources and
 

nearer to the best input material sources and oil sources, Although
 

of varying quality, calcareous material and clays suitable for
 

There have been
brickmaking etc. are well distributed in Indonesia. 


social benefits and disbenefits attaching to these moves; environmentally
 

there has been some relief for overpressed firewood resources, 
but at
 

the same time a source of income has been lost to many who have
 

no other activity in which to engage.
 

At the risk of some over-simplification - production is
 

geographically well distributed so generalizations tend to be
 

difficult - the prospects for change that appear most attractive
 

Technically

relate to the possible use of coal on a much wider scale. 


this would pose few problems at the consumption end, except perhaps
 

Assuming

in relation to the high water content of most Sumatra coal. 


supplies were to te more readily available, the subsector could 
be
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expected to switch to coal if the price relativites so favor;
 

notwithstanding the evidence in relation to the use of A.D.O. as a
 

substitute for residual oil, micro-economic appreciations can te keen,
 

as the use of used automobile sump oil as a supplement to R.O. for
 

limeburning testifies.
 

some use of rice husks
As has been mentioned earlier there is 


to produce low quality bricks. Research has shown that the product
 

Under the Ministry of Industry's
can be imprcved by perforating. 


BIPIK Project for assisting small-scale industries there are arrangements
 

for the provision of suitable extruders to small brickyards adopting
 

this practice. Other relevant energy-related research efforts are those
 

27
 

being carried out by LIPI/LFN and the Cermanics Research Institute
 

(Bandung) on improved kilns for wood-fired limeburning. These
 

hold promise of reducing the amounts of wood fuel needed, where this
 

method is feasible and acceptable. Consumers have shown a preference
 

for wood-burnt lime because, generally, it is of higher quality 
than
 

oil-burnt lime.
 

It is impossible to predict the effect, on the overall energy
 

demand of the extractive subsector, of contemporary developments 
of
 

In the form of cement renderings,
cement manufacturing capacity. 


concrete blocks and cement/trass blocks cement competes with 
many
 

el> that
other extractive industry products, and it would seem 1 


a3 cement capacity grows it will make inroads into the markets 
now
 

held by the more traditional products. Some indications on this would
 

be desirable before contemplating specific intr'ventions to, say,
 

In energy planning terms there would be
 promote the use of coal. 


little point in seeking to minimize oil consumption in the 
brick
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subsector, for example, if marginally higher costs are likely to
 

simply divert demand to a cement subsector continuing to use oil.
 

Small-scale Manufacturing Industry, Food Industries etc.
 

Very limited generalizations are possible when the lower end
 

of the industry scale is under consideration. Partly this is because
 

it is the area where least reliance can be placed on the available
 

data; it is also most diverse in terms of the activities undertaken.
 

Economic behavior is less predictable; by all other standards the
 

returns may sometimes be vanishingly small when other opportunities
 

for enterprise or employment are scant.
 

Kerosene and firewood figure strongly in the energy budgets of many
 

small enterprises, and it would seem reasonable to suppose that
 

for heating purposes the choice is often simply determined by relative
 

can be surmised that in thermal terms many of the utilizing
costs. It 


divices for firwood are of low efficiency and it could be expected
 

that as and when there is the adoption of more optimal designs
 

at the household level t.hen there will be some spin-off to the informrl
 

productive sector. Depending on their field staff strengths some of
 

the concerned agencies may be able to exert a direct influence on 
small
 

scale users of firewood, and persuade them to upgrade their appliances.
 

Charcoal is the usual fuel of Indonesian blacksmiths, and
 

If good quality
there is an observed preference for teak charcoal. 


coke can be obtained, then this can satisfactorily substitute for
 

charcoal.
 

some quarters on the
Considerable weight has been placed in 


potential of rural electrification schemes to promote small-scale
 

rural industries. It is certainly true if the machines and processes
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of typical small-scale rural industries are listed then a large
 

proportion of them can, indeed, be powered by electricity. But at
 

the same time it will also be found that a very high proportion 
of these
 

functions can also be powered in alternative ways, which in practice will
 

The number of processes for which electricity is a
 prove cheaper. 


In many ways the situation
 necessary adjunct are, in fact, small. 


with rural industry is analagous to that in agriculture: historically
 

the systems that have evolved and developed linkages with supplies,
 

markets and skills have been the ones requiring low energy inputs. 
It
 

will take a lot more than the simple supply of a new source 
of energy
 

(It is worth
 to bring about any major transformation in this area. 


observing that the relevant comparable experiences elsewhoere are 
the
 

The
 
contemporary ones, not even those of ten or fifteen years 

ago. 


tremendous growth in motorized transport in the rural areas in 
the
 

intervening period has had significant effect on the lives and 
spending
 

propensities of rural people; the prospects for rural industry have to
 

Those in charge of the BIPIK Project
be viewed in today's conditions.) 


do not express any confidence that electric power will be a 
potent
 

force for change; where they give support for the installation 
of powered
 

equipment they favor engine-driven layshafts etc. rather 
than electric
 

motor drives. At present price levels the cost of on-site diesel
 

power is probably less than half the cost of delivered electric
 

power. With Yanmar-type engines currently costing (bare shaft basis)
 

around Rp 50,000 per hp, the capital cost of diesel and electric
 

installations will be around the same level.
 

Small Water and Electricity Supply Schemes
 

It is to be expected that the number of such schemes will continue
 

diesel powered

to grow. Spontaneous development is likely to center on 
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to
units; institutional support will certainly be needed if there is 


be any significant exploitation of renewable energy sources-


Blanket assessment of the
micro-hydro, wind-power, solar power, etc. 


not possible; not only are
inherent feat3ibility of the latter is 


conditions in potential sites variable, but the yardsticks 
for
 

comparison- diesel installation cost and diesel running costs.per
 
3 3
 

Kw and Kwh, or m /hr and m - may well change if fuel prices are
 

An increasing output from the Indo-Diesel plant in
adjusted. 


Surabaya could be an influencing factor.
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VII POLICY OPTIONS
 

Government has a wide area of choice as regards policy options 
that
 

can be used to modify directly or indirectly the pattern of energy 
usage
 

On the supply side it can, for instance:
in the 	rural sector. 


1) 	 Encourage, through its rural development programs and
 

projects, increased production of fuelwood from homegardens,
 

division strips and banks, woodlots, etc.
 

Increase the supply of firewood, and charcoal, from the
ii) 

forest reserves.
 

Increase the output and improve the distribution systems
iii) 

for coal.
 

Regulate 	the amount and mix of oil-derived fuels rcleased
iv) 

on the market.
 

Increase 	centralized and decentralized electricity generating
v) 

capacity 	and e:'tend the distribution networks.
 

Promote research and development of alternative energy
vi) 

sources, such as solar energy and wind energy, and biomass
 

conversion.
 

the pricing structure for fuels and
vii) 	 Exercise control over 

power supply.
 

The policy instruments at hand to exercise these optious include 
the
 

funding of centraf or local governmelit projects, investment in 
parastatal
 

28
 
and tariff


operations, research grants, management of refinery capacity 


regulation.
 

On the demand side Government can, again through development
 

Through its attitudes towards, and
 programs, influence usage. 


support for, farm mechanization proposals it can profoundly 
affect
 

the input of energy to agriculture, and in so doing contribute 
to
 

It can develop the linkages in the
raising agricultural productivity. 


distribution chain that will be needed if there is to be a 
higher level
 

of coal consumption for purposes that currently consume oil-derived 
fuels.
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Support for research and development work can help the evolution of
 
29
 

biomass
appropriate energy using devices, such as steam prime movers 


fireboxes, solar driers, etc. Assistance can also be given to raise
 
30
 

the indigenous output of diesel engines suitable for rural area use
 

Appropriate programs can endeavor to raise the efficiency of biomass
 

consumption in the informal enterprises subsector.
 

Forecasting the effectiveness and areas of impact of the policy
 

instruments, and thus evaluating the policy options, will call for keen
 

It would seem to be a reasonable proposition
economic judgment. 


that the corollary of a large gap between the shadow and realized prices
 

for fuel inputs to local industry may be a similar gap as between the
 

realized and shadow prices for the products, assuming not too imperfect
 

This could be expected tu make for low demand/price elasticities.
markets. 


(The evidence from the brick industry is consistent with this). 
 It is
 

possible to see that in such a situation the inclination to switch 
fuels,
 

inresponse to price escalation relating to one type, may well be sensitive
 

to the steepness of the escalation over time (and the degree of inter

enterprise competition).
 

Impacts must be judged, however, by more than economic criteria.
 

A whole array of social and environmental side-effects need to be 
taken
 

into account. This will be particularly true in relation to biomass
 

exploitation, where there are risks of insidious soil depletion and
 

degradation that may only become apparent after s-me years 
use of some
 

practices.
 

It is manifest that much more needs to be known about the entire
 

pattern of energy use in the rural areas, the more especially on 
the
 

If there is to be a pinpointing of where
biomass supply side. 
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pressure on biomass.resources needs to be relieved by some sort of
 

remedial action (either on the demand or on the supply side) then it 
follows
 

Given that

that disaggregated data for biomass production will be needed. 


reiources may be scarce then identification of critical areas is 
a sine qua
 

non for establishing intervention priorities.
 

The discussion above has centered on what may be the energy-purposive
 

But equally important are the energy implications
elements of policy. 


of the more general alternative developmental strategies, insofar 
that
 

Three cases can be
they are relevant to and affect the rural areas. 


considered here, viz:
 

i) Agriculture is treated as a dependent variable, and the 

prices of oil-derived fuels raised towards the shadow level. 

ii) Agriculture is treated as an independent variable, stimulated 

with mechanization in the transmigration areas; no adjustment 

of shadow/realized price relativities. 

iii) Agriculture as in case (ii); fuel prices as in case (i). 

In case (i) it is to be expected that there would be a net drop in the
 

sector's oil demand; increased biomass demand; some sharp local biomass
 

price increases; (level agricultural output, level agro-industry, reduced
 

small-scale manufacture and worsened income distribution). 
In case (ii)
 

the expectation is that there would be a rise in the sector's 
oil
 

more or less level biomass demand and prices; (increased agricultural
demand; 


some growth of rural industry able to benefit, locally,
production; 


from increased agricultural incomes). In case (iii) total oil demand
 

would remain level or drop slightly; pressure on biomass increased
 

(increased agricultural production, structural
severely in some areas; 


and spatial adjustment of non-farm economic activity, locally 
worsening
 

Case (ii) favors the sector, but at the cost of
 income distributions). 


the return on the modest increase in oil consumption is
 fuel subsidies; 
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Case (iii) probably provides the conditions for
likely to be good. 


the best returns on the development of alternative energy 
sources, but
 

not without social costs in the system. These are at best only
 

indicative conclusions and it should be obvious that to be 
of planning
 

value more elaborate and refined models are required and 
the scenarios
 

to which they apply need to be regionally referenced in real terms.
 

It is towards the meaningful execution of such exercises that 
the
 

present project is intended to move.
 

C53
 



VIII DEMAND PROJECTIONS
 

The samp qualifications apply to the projections of demand for
 

purchased fuel for the years 1990 and 2000 that are presented in Table 7.
 

as
The rationale for the growth rates applied to the 1978 base figure is 


follows:
 

- Food Crop Agriculture - 10 percent
 
Assumes steady mechanization from a very small base.
 

- 3 percent
- Plantations and Estates 

Discounted from Repelita III target for Agriculture (3.5%) 

and rea11-wd Avricultural Growth 1973-78 (3.4%) to cover 

diminishing reLurns to inputs and limits to spatial 
expansion.
 

- Agro-Industry - 3 percent
 
Assumed to grow pari passu with Agxiculture.
 

- Forestry - 2 percent
 
Reflects -medium-termdiminution of forest reserves.
 

- Extractive Industry - 5 percent
 
- 9.0%)
Shares Construction growph (Repelita III target 


but discounted below GDP growth to cover urban skew
 

and substitutes.
 

- Food 	Industries - 4 percent
 
Assumed slightly above Agriculture.
 

- 3 perceat
- Small-scale Industries N.E.S. 

Assumed to grow pari passu with Agriculture.
 

- Social ( Water and Electricity) - 10 percent
 
Assumes steady growth from a very nmall base.
 

When these growth rates are applied to the 1978 estimates the
 

overall growth rate of purchased energy voroximates 3.5 percent; the
 

rate for the biomasz element is 4.2 percent and the rate for the non-blomass
 

is 3.3 	percent.
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TABLE 7 

PIUiCiASED O=.EG,MEAL SECrOB: POJEctIONS - 1990. 2000; SOE x 106 (HUOK) 

2000-------------------............1990 .....................-
978
-.-.------------


Totals Non-Biooass Blomass TotalsAssumed Non- Biomass Biomass Totals Ron-Biomass Biomass 
-

Grouth __ __ 
---

NIOE NDOE NIOE NBOE 
Rate -1 HNOE HBOE "WOE HBOE 	 NBOE 

Agriculture: 	 O.65
 
0.25 " 	 0.65 

- Food Crops 10_ 	 0.08 - 0.08 0.25 

- Plantations and - 2.43
 
31! 	 1.27 - 1.27 1.81 - 1.81 2.63 

Estates 


8.33
6.95 1.38
1.03 	 6.21
4.35 	 5.18
3.63 0.72
3?
A2ro-Industry 

3.46
- 2.84 3.46 

- 2.24 2.84 
Forestryand Sawmills 27 	 2.24 


5.76
2.37 	 3.192.08 	 3.53
1.97 	 1.45

5 	 0.81 1.16 


Extractive 	Industry 

2.46
1.09 1.37
0.93 	 1.67
1.04 	 0.74


4% 	 0.46 0.58 

Food Industries 


0.25 0.30 0.55
 
Small-Scale Industries 


0.18 0.23 0.410.13 0.16 0.29 
U' N.F 37 

- 0.650.25 	 0.65 
-	 0.08 0.25 -
Social (water. Electricity) 102 	 0.08 


(von-Biomass) (3.37)
 
6.44 	 2.29
16.97 	 17.85


2.62 	 11.32 12.70 4.27 

TOTALS 	 (Biomass) (4.2%) 8.70 


(Total) (3.5%)
 

1/ 1978-2000. Compound.
 

2/ Includes Fish Procossinr, and Tanneries.
 

Itncludes Craft and Textiles Industries.
3/ 


Suurces Study Estimates.
 



NOTES AND REFERENCES
 

1. 	The 'Reference Energy System' (RES) approach was developed
 
at Brookhaven National Laboratory, USA, as a standardized
 
vectorial analysis of energy flows from sources, through
 
conversion and transfer subsystems, to utilizing devices and
 
end uses. Its use is described in a comparison r-port on
 
"Energy Demand in Indonesia" by A. Doernburg.
 

2. 	The definitions of what constitute 'Large' and 'Medium' scale
 

enterprises have been subject to period adjustment, more particularly
 

with respect the fixed and working capital employed. For most purposes,
 

however, the employment of upwards of 100 persons places an enterprise
 

in the 'large' category, and the employment of between 20 and 100
 

persons places it in the 'medium' bracket.
 

International Standard Industrial Classification.
3. 	ISIC: 

(UN. 1968)
 

4. 	 'Small-scale' industrial enterprises are those employing between
 

5 and 20 people. 'Household' or 'Cottage! enterprises are
 

those employing fewer than 5 people. It should be noted that the
 

industry' is commonly used to denote any manufacturing enterprise.
term 	' 


5. 	This conclusion is reached notwithstanding the validity of the
 

data generated by various valuable studies on the reliance on
 

biomass fuels, and the adequacy of supply, in a number of specific
 

areas. The coverage of such studies needs to be much wider, however,
 

before a synthesis can be made showing the overall pattern.
 

'The 	situation of wood and agricultural waste
6. 	S. Hardjodarsons: 

products as fuel in Indonesia at this moment and its prospect'.
 

7. 	Figures given in Hardjodarsono's paper have been widely cited,
 

or used as a basis for calculation by, inter alia: 0. Soemarwoto;
 

H. Soesastro; S. Hadi, Buharman, B. Pernama and Hartoyo;
 
R.T. 	Skrinde's Preliminary draft -
Arismunandar and Kadir. 


'Assessment of Biomass as an Energy Resource in Indonesia'
 

also relies heavily on HardJodarsono's figures.
 

8. 	See A.M. Strout, BIES XV (1)March 1979.
 

9. 	Indicated, for instance, by a complete lack of stochastic
 

variability of employment per enterprise in the household
 

industries subsector in the regencies of D.I. Yogyakarta.
 
A priori assumptions of employment in household and cottage
 

industries possible feature more frequently than some authors
 

have recognized. The conclusions of one study attempting to
 

correlate labor-intensity and energy-intensity are unconvincing
 

on this account.
 

10. 	 For brick and tile making, limeburning, tobacco curing etc. the
 

range of energy inputs per unit of output is confined within fairly
 

close limits. These coefficients are useful for checking purposes.
 



NOTES AND REFERENCES (continued)
 

11. 	 For agriculture cross checks have included the areas cultivable
 

and irrigable by the inputs nssumed from mechanical equipment,
 

and calculations of human and animal capabilities using ergonomic
 

performance findings.
 

For example, Soelistijo has calculated firewod consumption 
on the
 

12.. 

(as used in 'World
basis of a supposed bulk density of 125 kg/m 


Energy Supplies, 1950-74 UN) whereas Hardjodarsono (1978) converts
 

on the basis of 620 kg/rn. If variability on account of varying
 

moisture content is allowed for, thei the energy content
 
' a m of firewood' will
attributable to what is termed 


span a range of values embodying a factor of 6 or more.
 

13. 	 It needs to be emphasized that throughout these tables the
 

amounts (and derived percentages) shown are the values arising
 
Full 	figures have been
from 	the arithmetical techniques used. 


retained only to avoid the compounding of approximation errors 
in
 

successive stages of the analysis; accordingly they should not be
 

regarded as indicating either the absolute precision of the 
analysis
 

or the 'confidence level' of the estimates (see following Section V).
 

3 of 250 kg.
14. 	 2.4 BOE/ton or 0.6 BOE per m 


so happens that the rupiah cost of a gross calorific
15. 	 As it 

energy is not greatly different as between kerosene and firewood
 

(taking the cost and thermal values adopted for this study) this
 

hypothetical adjustment is thermally inconsequential.
 

Although when presenting industrial consumption estimates
16. 

Hardjodarsono refers only to 'firewood', he juxtaposes these
 

estimates (together with those for household consumption) with 
his
 

estimates for 'firewood and non-wood' (i.e. waste from food
 

crops, coconut, oil palm and tea) when estimating apparent
 

surplus or deficit.
 

'sugar factory' in his

17. 	 HardJodarsono explicitly refers to 


consumption estimates but does not include waste from sugar
 

plantations in his estimation of non-wood fuels (which, in any
 

case, he says are not in fact much used).
 

High 	aromatics vaporizing oil, as used for kerosene-fuelled
18. 

I.C. engines, has not been widely available in Indonesia. 

The
 

investment here referred to is, therefore, that for heat production.
 

It would appear that the use of A.D.O. is not merely a temporary
 
once
 19. 	

substitution to overcome the periodic R.O. supply shortages; 


the investment has been made in the equipment to burn 
A.D.O. then
 

the tendency is to stay with that fuel.
 

P 



NOTES AND REFERENCES (continued)
 

20. 	BPS, Statistik Industri, 1976 and 1977.
 

21. 	 Volume comparison. Pertamina data.
 

22. 	 Direktorat Bina Produksi Tanaman Pangan
 

23. 	 For the period to January 1981, the realization of Repelita III
 
transmigration targets was less than 40 percent overall.
 
Direktorat Jenderal Transmigrasi.
 

24. 	 For larger throughputs some research by the Directorate of
 
Building Research, Bandung on fluidised-bed burning of rice husk
 
(for rice hush ash pozzolana) may be relevant.
 

25. 	 Early steam threshing plants on the N. American prairies
 

burnt straw.
 

26. 	 LPHH, Bogor.
 

27. 	National Institute of Physics, Indonesian Institute of Sciences.
 

28. 	 Under Repelita III output of residual oil is projected to almost
 
double as between 1979/80 and 1983/84. Hydrocracker capacity
 
coming on stream is intended to diminish residual oil production
 
and increase yield of kerosene. Operations clearly need to be
 
monitored in relation to the market demands.
 

29. 	 e.g. Ricardo-type. Developed in the 1950's, with flash fired
 
biomass boilers.
 

30. 	 During Repelita III sawah areas are projected to rise by
 
350,000 ha and further technical irrigation will certainly
 
be needed.
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RURAL SECTOR ENERGY CONSUMPTION ESTIMATES: 1978
 

DATA SOURCES, METHODS OF CALCULATION AND CONVERSION FACTORS 

AGRICULTURE 

- Cultivation: (Food Crop Areas) 

- Mechanical
 

Tractor inventory (adjusted for 1978)(see Table A4)
 
converted to aggregate horsepower.
 

Total annual fuel consumption from aggregate hp x hours/yr.
 
x hourly consumption (diesel fuely/hphr.
 

Converted to BOE
 

(check: ha expected performance v. ha 'mechanized')
 

- Human and Animal
 

Ratio of horsepower-hours inputs:
 

Nos x power x hrs/day x days/yr (see Table Al)
 

Performance:
 

Ha x fuel equivalent/ha.
 

Converted to BOE and apportioned according to input ratio.
 

(check: correspondence of input and output)
 

- Irrigation
 

Pump inventory (adjusted for 1978)(see Table A4) converted to
 
aggregate horsepower.
 

Total annual fuel consumption from aggregate hp x hours/yr x
 
hourly consumption (diesel fuel)/hphr.
 

Converted to BOE (check ha x m expected performance v. ha
 
'technically irrigated')
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- Estates Subsector 

Pertamina distribution (see Table A3), adjusted for 1978,
 
Converted tu BOE.
 

- Plantations Subsector
 

As for Estates Subsector above.
 

AGRO-INDUSTRY
 

All industry data derived from various tables in BPS publications (see
 

Appendix 	2) showing the results of the Industrial Census 1974/75, and from
 

the Annual Surveys of Manufacturing Industry (1975 and 1978).
 

- Large Scale
 

(Large and MediLm Scale Manufacturing Enterprises)
 

- Petroleum Fuels (except Residual Oil), Natural Gas, Coal & Coke: 

1978 Physical quantities (at ISIC 5-digit level) converted to
 
BOE, judgmental apportionment of sector share (see Table A2)
 

- Electricity
 

1978 costs from difference between total fuels, lubricants and
 
electricity costs, and fuels and lubricants costs. Converted to
 
Mwh. Converted to BOE; judgmental apportionment of sector
 
shares (see Table A2).
 

- Other Fuels (Firewood, Residual Oil) 

Judgmental attribution of "other fuels" costs to fuel type. 
Converted to physical quantities. Converted to BOE. Judgmental
 
apportionment of sector share (see Table A2).
 

(Check: 	consumptions, rubber, sugar and other agro-industries
 
compared with Pertamina direct distributions to 'rubber',
 
'sugar' and 'other agriculture' (see Table A3).
 

- Small-Scale 

(Household, Cottage and 'Small-Scale' Enterprises).
 

- Household and Cottage Industry
 

Subsector costs (at ISIC 5-digit level) for "other materials
 
consumed" (SI 76-01 Tab. 3.6) in toto equal consolidated fuels
 
costs plus consolidated containers etc., costs (SI 77-04(lA)
 
Tab. 5.00).
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(Fuel costs total disaggregated into subtotals for
 

kerosene, wood, charcoal and 'other'.)
 

Judgmental attribution of costs to fuel types.
 

(check: Summation of fuel type costs compared against
 
the sector-wide subtotals in census data)
 

(see note below).
Conversion of 1974/75 costs to 1978 costs 


Conversion to Physical units. Conversion to BOE.
 

Judgmental apportionment of sector share (see Table A2).
 

- 'Small-Scale' Industry 

Units assumed to employ 10 persons (between definitional limits of 
5 - 20). Per capita energy consumption assumed equal per capita 
consumption in Household and Cottage Industries subsector. 
Energy consumption from units x 10/employmemt H & C subsector. 
(i.e. SS sub-sector treated as numerical extension of H &C sub
sector). Monetary units to physical units. Converted to BOE.
 
Judgmental apportiornment of sector share (see Table A2).
 

Note: Escalation of user prices for energy, 1974/75 to
 
1978 calculated at 34%, this being the weighted average
 
(mid-term subsectoral total costs as weights) of changes
 
in energy costs/unit physical output in individual subsectors, at
 
the large and medium enterprise level.
 

FORESTRY 

- Extraction
 

Pertamina Distribution (see Table A3) adjusted for 1978.
 
Less Large and Medium Scale Sawmilling Estimates 

- Conversion (Large and Small Scale)
 

As for Agro-Industry
 

EXTRACTIVE INDUSTRY 

- Quarry 

Pertamina Distribution (see Table A3) adjusted for 1978.
 
10% 'Other' of Extractive Subsector. 

- Bricks and Tiles 

As for Agro-Industry, but plus Judgmental increment to Residual Oil 
consumption in light of Pertamina Distribution. 
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- Lime
 

As for Bricks and Tiles, above.
 

- Other Extractive
 

As for Agro-Industry. 

FOOD, CRAFT, TEXTILE AND OTHER INDUSTRIES 

As for Agro-Industry, above. 

NON-PLN ELECTRICITY
 

Units x hp x hrs/yr x litres/hphr. Conversion to BOE.
 

WATER SUPPLY
 

Assumed equivalent to Non-PLN Electricity.
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TABLE Al
 

RURAL SECTOR ENERGI INPLTS: LNITS, RATINGS, PERFORMANCE, SPECIFIC
 

CONSUMPTIONS AND UNIT COSTSyETC.
 

TRACTORS: Hp Hrs/yr Litres (Diesel)/hphr.
 

2-wheel 8 1 000 0.2
 
Mini-tractor 15 1 000 0.2
 
Standard 30 1 000 0.2
 
Tracked 50 1 000 0.2
 

IRRIGATION PUMPS Hp Hrs/yr Litres(Diesel)/hphr
 

2" 10 500 0.2
 
4" 20 500 0.2
 
6" 30 500 0.2
 
8" 40 500 0.2
 
8"+ 50 500 0.2
 

(Note: Diameter normally.varies inversely with duty head, hence 
linearity diameter- power ) 

CLTIVATIONS ( Food Crops)
 

- Inputs 

No. Hp Hrs/day Days/yr

- Human 

- Animal 3m 0.4 5 120
 

- Task Ha. Hphrs/ha Litres(Diesel)/ha
 

13m 150 30
 

(Note: 150 hphrs/ha represents input required for double-pass
 
cultivation. Work actually performed on soil varies with the
 
physical characteristics, depth of cultivation, degree of
 
Dulverisation etc., but will normally amount to about 25 hphr/ha/pass
 

NON-PLN ELECTRICITY
 
(Excluding Estates)
 

No. Hp Hrs/yr Litres(Diesel)/Hpt
 

4,000 5 1 500 0.2
 

ENERGY COSTS (1978)
 
Unit Rp
 

Electricity (PLN) Kwh 30
 
A.D.O. (Solar) litre' 29
 
I.D.O. (Diesel) " 26 
Kerosene " 25 
Charcoal ton 3 40 000 
Firewood m (250 kg) 2 500 

(Note: Estimates for other commercial fuels based on physical data, and ,
 
therefore insensitive to average consumer price assumptions)
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Table Al (Contn.)
 

BOE CONVERSIONS ( On net calorific basis)
 

Unit 


Gasoline(Bensin) KI 

ADO/IDO sf 


Kerosene of 

Residual Oil "3 

Natural Gas m 

Coal (Sumatra) tonne 

Coke " 

Charcoal " 


3
Firewood m

Electricity Kwh 


TEAPORAL ADJUSTMENTS 

Tractors and Irrigation Pumps,
 
(Food Crops), Nos of units,
 

1977 to 1978 


Pertamina Distributions to 
Sector, 1978 to 1979 


Energy Consumption ( Physical
 
units), Small-Scale, Cottage
 
and Household Industry,
 
1974/5 to 1978 


EMPLOYMENT
 

Average no. of persons engaged 

per Small-fcale Industry unit
 

BOE ( Barrels Oil Equivalent)
 

5.75
 
6.32
 
6.10
 
6.64
 
0.00578
 
5.05
 
4.84
 
5.02
 
0.6
 
0.000621
 

+ 5%
 

+ 5% 

Nil
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TABLE A2
 

INDUSTRY SUBSECTORS INCLUDED IN RURAL ENERGY ASSESSMEN: 

ISIC CODES, RURAL SECTOR SHARES. 1/
 

Rural Sector Share,% 2/
 

Industry Group/Subsector ISIC Code Household Small- Large
 
& Cottage scale Medium
 

- Agro-Industry Industry Industry Scale
 

Industry.
 
- Sugar Production 31181 
 100 100 100
 
- Rice Milling 31161/2 100 100 90
 
- Rubber Processing 35521/2/3 
 100 100
 
- Coconut Oil 
 31151 100 100 100

-Grain Milling 31169 100 100 
 -
- Tea (Drying) 	 31220 100 100 100
 
-Edible Oils 31159 90 90 50
 
- Tobacco (Drying) 31410 100 100 i00
 
- Animal Feed Milling 31280 
 - 100 100 
- Coffee (Washing) 	 31163 
 - 100 100
 
- Fish Processing 	 31140 100 -
 -

- Tanneries 
 32310  100 

- Extractive Industry
 

- Sawmilling 33111 
 100 100 100 
- Bricks, Tiles 36410/20/90 100 100 100 
- Lime 36330 100 100 100
 
- Minerals 
 36900 100 100 100
 
- Other Clay Products 36120 
 100 - 

- Food Industries 

- Tahu & Tempe 	 31242 90 80 
- Emping 	 31250 80 80 
 -
- Bakeries 
 31179 80 50 
- Dairy Products 31120 50 - 
- Beverages 31310 100 100 
- Tapioca 	 31210 
 100 100 
- Other Food Products NES 31290 
 80 80 

- Craft Industries 

- Blacksmithing (Agric.Tools) 	 38111 100 100 
 -
- Bamboo and Rattan Products 33130 100  -
- Blacksmithing (General) 	 38112/90 80 80 
- t (Boat Fittings) 38411 100 - -
- Furniture Making 	 33210 80 80 
-Handicrafts 	 32115/30
 

32290/330 80 80 
 -
33112/20/40/908
 
33220
 

- Rope Making 	 32150 
 100 - 
- Footware 
 32400 80 80 

- Textiles 

- Spinning and Dyeing 32111 100  -
- Weaving 	 32112 80 
 80 
- Batik 
 32114 80 80 
 -

- Garments 
 32210 80 
 80 
- Other Textiles NES 32120 80 80 
 -

- Other Industries NES 

- Manufactures NES 	 39090 80 80 
- Others NES 
 -	 80 - - ) 

A7 
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Table A2 (Contn.)
 

Energy consumption in the following subsectors has been disregarded,
 
either because the recorded expenditures on fuels are relatively small
 
or because they are not likely to be strongly represented in ;he rural
 
areas.
 

ISIC Code 


32150 

33130 

34112 

34190 

34200 

35600 

36110 

36190 

38114 

38120 

38140 

38411 

39010 


2/ Study Estimate.
 

Scale
 
H
MC: Household/Cottage
 
SS: Small-scale ) 
SS 
SS 
HC/SS 
HC/SS
 
HC/SS
 
HC
 
HC/SS
 
HC
 
SS
 
HC/SS
 
SS
 
SS
 
HC/SS
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TABLE i3 

PERTAMINA DIRECT SALES, 1979,
 

(Selected Sectors) I/ Kilolitres
 

Gasoline Automotive Industrial Residual 
Diesel Diesel Oil 
Oil Oil 

AGRICULTURAL 

SECTOR 

- Agriculture 371 30 076 38 

- Plantations 17 649 124 170 32 759 7 104 

- Forestry 10 157 355 172 2 997 1 020 
- Others 128 117 783 2 640 99 

,OwINDUSTRY
 

- Sugar 13 382 38 404 36 590 104 226
 

- Rubber 180 82 732 7 909 3 511
 

EXTRACTIVE
 
SECTOR
 

- Bricks, Tiles 
and Lime 24 938 28 909 89 039
 

Others 341 103 606 123 274 45 127
 

(Dealer Network C3 208 573) (1 500 339) (236) (45) 
Sales) 

Notes: 1/ Excludes Aviation Fuel Sales, Agricultural Sector.
 

2/ " Rubber manufactures.
 

3/ " Cement manufacture.
 

Source:
 

Pemakian BBM Seluruh Indonesia, Tahun 1979.
 

Pertamina VJT. PDN. (Consolidation of data reported monthly by 8 Pertamina
 

districts)
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TABLE A4
 

Tractors and Irrigation Pumps employed for Food Production, 1978 (Estimated 

( Excludes equipment in Estates and Plantations subsectors) 

No of Units
 

Java/Bali Outer Islands Total
 

Tractors 	 2-Wheeled 1 530 153 1 683 

Mini-tractors 72 249 	 321
 

Standard 95 	 89 184
 

Tracked 3 47 	 50 

Irrigation Pumps 	 2" 1 542 27 1 569 

4" 637 6 643 

6" 518 70 588 

8" 500 26 526 

8"+ 239 13 	 252
 

Source: 	 Inventarisasi Alat Dan Mesin Pertanian di Indonesia, 1974-78.
 
Direktorat Bina Produksi, Direktorat Jeneral Pertanian Tanaman Pangan,
 
Departemnn Pertanian, Jakarta, 1981.
 

( Note: 	 Some data relate only to 1974-7. 1977 figures have been 

upwardly adjusted by 51 to yield 1978 estimates) 
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TABLE A5
 

PURCHASED FUELS: LAGE AND MEDIUM SCALE INDUSTRIES (RURAL SECTOR), ESTIMATES, 1978, nnF.
 

Industry GroupuSubsector Electricity Natural C".sjaIIjne 

Gas (Bensin) 

A.D.0. 

(Solar") 

I.D.O. 

(-Diesel) 

Kerosene Residual 

Oil 

Coke Coal Charcoal Fireuood Totals 

- Ar.ro-Indtistry 
- Sligar Production 

- MzceHilling 

5 816 

-

518 

-

90 056 

696 

191 490 

18 979 

475 188 

765 

1 147 

433 

666 324 

--

31 537 1 949 

-

-

-

- 1 464 025 

20 873 

- i.htber Processing / 
- Coconut Oil 

- Tea (tryinr) 

- t:ible Oils and Fats 

- Tobdcco (lIrying) 

Animal Feed Hilling 

- LofIee (Washing) 

(SubtouaLs) 

9 666 

3 395 

124 

1 615 

103 

145 

186 

(21 050) 

- 8 240 

- 2 771 

- 701 

- 517 

- 2 122 

- 1 138 

- 230 

(518) (106 471) ( 

413 126 63 744 

50 149 24 237 

14 163 607 

12 406 16 344 

3 868 82 

25 179 -

2 433 32 

731 793) (580 999) 

14 256 

1 995 

3 776 

842 

25 693 

287 

366 

(48 795) 

9 296 -

- -

- -

- -

- -

-

- -

(675 620) (31 537) 

-

-

-

(1 949) 

-

-

-

-

518 328 

1 JO. 93 847 

50 800 70 171 

2 000 13 7v:, 

52 100 83 9f.8 

- 26 749 

- 3 247 

(116 200)(2 314 932) 

- LxLr.ILLIVc Ineltstry 

- '>aihl1inf, 4/ 

Bricks, Tiles etc. -

- line 

- Mizner.ls -

(Subtotals) 

2 070 

145 

-

186 

(2 401) 

-

-

3 058 

-

(3 058) 

17 762 

236 

931 

885 

(19 814) 

239 319 1 668 

12450 34406. 

37 819 13 99; 

14 308 9 987 

(303 86) (60 053) 

2 385 

2263 

2 361 

18 

(7 027) 

272 240 

245 680 

16 600 

(534 520) 

-

-

-

-

-

-

-

-

-

-

-

-

-

263 204 

321 740 

303 841 

41 984 

(930 769) 

TOTALS 23 451 3 576 126 285 1 035 689 641 052 55 822 1 210 140 31 537 1 949 lb 200 3 245 701 

I/ 

2/ 

Includes Smoking. remilling and crumb 

Includes soap-making 

rubber production. 

3/ 

4, 

5/ 

6/ 

Includes cassava irocessing 

Entered under Forestry in consolidated Energy Table ( Table 

Includes structural clay products 

Includes Kaolin, Ageregate, Sand etc. 

AIO) 

Source: Study Estimates. 



TABLE A6
 

PURCHASED FUELS: HOlUSEHOLD, COTTAGE & SMALL-SCALE INDUSTRIES (RURAL SECTOR), 

ESTIMATES. 1978, BOE.
 

A.D.O. Kerosene Charcoal Firewood Totals 

Industry Group/Subsectors (Solar) -

- Agro-Industry 

- Rice Milling 755 776 - -- 755 776 
- Rubber Processing 18 801 - 30 500 49 301 
- Sugar Production - - 505 000 1036 891 
- Coconut Oil 26 365 - - - 26 365 
- Grain Milling 84 339 - - - 84 339 
- Tea (Prying) 1/8 499 " 9 100 17 599 
- Edible Oils & Fats- - 3 672 - - 3 672 
- Tobacco (Drying) 
- Animal Feed Milling .. 3 269 

- - 14 400 14 400 
269 

- Coffee (Washing) 4 576 - - - 4 576 
- Fish Processing - " " 37 700 37 700 
- Tanneries - - " 3 100 3 100 

(Subtotals) (901 625) (535 563) " (599 800)(2036 988) 

- Extractive Industry 
- Sawmilling 3/ 19 177 - - - 19 177 

- Bricks, Tiles etc - - - 902 200 902 200 

- Lime - - - 209 500 209 500 
- Minerals - 10 678 - - - lO67V 
- Other Clay Products 

(Subtotals) 
-

(29 855) 
-

w 

-
-

47 000 47 000, 
(1 158 700)0 188555) 

- Food Industries 

- Tahu and Tempe - 311 450 - 295 700 607 150 
- Emping - 89 997 - 85 400 175 397 
- Bakeries 26 127 - - 65 200 91 327 
- Dairy Products - 14 884 - - 14 884 

- Beverages 
- Tapioca 

-
-

10 492 
8 296 

-
-

-

-

10 492 
8 296 

- Other Food Products NES - 25 702 105 800 131 502 
(Subtotals) (26 127) (435 119) (25 70.) (552 100)(1 039 048) 

- Craft Industries 

Blacksmith (Agric.Tools) - - 55 847 - 55 847 

- Bamboo and Rattan Products - 41 480 - - 41 480 
- Blacksmithing, (General and 

Boat Fittings) - - 17 695 - 17 695 

- Furniture Making - 8 003 - - 8 003 

- Handicrafts - 4 490 - - 4 490 

- Rope Making 
- Footware 

-
-

2 684 
2 147 

-
-

-
-

2 684 
2 147 

(Subtotals) - (58 804) (73 542) - (132 346 

- Textiles 

- Spinning and Dyeing - 3 172 - - 3 172 
- Weaving - 7 222 - - 7 222 
- Batik - - - 50 700 50 700 
- Garments - 4 880 - - 4 880 
- Other Textiles NES - 9 760 - - 9 760 

(Subtotals) - (25 034) - (50 700) (75 734Y 
- Other Industries NES 

- Manufactures NES - 5 075 - - 5 075 
- Others NES 37 714 - - 39 700 77 414 

(Subtotals) (37 714) (5 075) - (39 700) (82 489) 

TOTALS 995 321 1 059 595 99 244 2 401 000 4 555 160 

A12 ......Contd. (Footnotes)
 



Table A6 "Contn). 

l/ Includes soap-making
 

2/ Includes cassava processing
 

3/ Entered under 'Forextry, In consolidated Energy Table
 
(Table A1O)
 

41 Includes structural clay products
 

5/ Includes Kaolin, Aggregate# Sand, etc.
 

Source: Study Estimates.
 



TABLE A8 

INDUS'1RY SUBSECTORS INCLUDED IN RURAL ENERGY 
NUMBERS OF INDUSTRY UNITS,( RURAL SHARE 

ASSESSMENT: 
) 

Industry Group/Subsectors 

Household & 
Cottage
Industries 
(1974/5) 

Small-Scale 
Industries 

(1974/5) 

Large and 
edium Scalt 
Industries 

(1978) 

- Agro-IndustrY 

-Sugar Production 
-Rice Hilling 
- Rubber Processing 
- Coconut Oil 
- Grain Milling 
- Tea (Drying) 
- Edible Oils 
- Tobacco (Drying) 
- Animal Feed Milling 
- Coffee (Washing) 
- Fish Processing 
- Tanneries 

(SebtotalS) 
- Extractive Industry 

240 878 
13 362 

9 595 
24 328 

830 
881 

2 238 
-
-

4 667 

(296 779) 

1 243 
10 934 

316 
468 
486 

368 
46 

1 125 
31 
70 

53 
(15 140) 

-

56 
165 
101 
103 
-

59 
16 

500 
26 
14 
-

11 040) 

- Sawmilling 
- Bricks, Tiles, 
- Lime 
- Minerals 
- Other Clay Products 

(subtotals) 

14 981 
49 793 
3588 
5 252 

19 323 
(92 937) 

2 253 
4 095 
1472 

102 
-

(7 922) 

389 
212 
70 
47 
-

(718) 

- Food Industries 

- ?ahu and Tempe 
- Emping 
- Bakeries 
- Dairy Products 
- Beverages 
- Tapioca 
- Other Food Products NES 

(Subtotals) 

5!, 427 
20 209 
4 990 

717 
1 172 
5 0il 

25 286 
(112 812) 

8 848 
1 664 

810 
-
44 
858 
710 

(12 934) 

-
-
-
-
-

- Craft Industries 
- Blacksmithing(Agric.Tools) 
- Bamboo and Rattan Products 

5 090 
476 896 

89.3 

- Blacksmithing (General and 
Boat Fittings ) 

- Furniture Making 
- Handicrafts 
- Rope Making 
- Footware 

(Substotals) 

5 951 
19 696 
19 316 
21 752 
1 175 

(549 876) 

326 
1 560 

483 
-
290 

( 3 552) 

-
-
-
-
-
-

- Textiles 
- Spinning and Dyeing 

- Weaving 
- Batik 

3 278 
29 951 
39 694 

-
1 785 
1 277 

-
-

- Garments 5 051 421 

- Other Textiles NES 
(Subtotals) 

-Other Industries NES 

8 810 
(86 784) 

330 
(3 813) 

- Manufactures NES 
- Others NES 

(Subtotals) 

13 702 
10 532 

(24 234) 

366 
-

(366) -

TOTALS 1 163 422 43 727 1 758 
1/ Rural Share calculated using apportionment from TableA2 

Data Source: BPS A15 



TABLE A9
 

INDUSTRY SUBSECTORS INCLUDED IN RURAL ENERGY ASSESSMENT:
 

NUMBERS OF PERSONS ENGAGED, (RURAL SHARE). I/
 

Industry Group/Subsectcis Household & Small-Scale Large and 
Cottage Industries Medium Scale 
Industries 2/ Industries 
(1974/5) (1974/5)- (1978) 

- Agrn-Industry 
730 223 12 430 67 407- Sugar Production 


- Rice Milling 54 870 109 340 4 939
 
-	 3 160 17,948
- Rubber Processing 


- Coconut Oil 32.447 4 680 5 110
 
83 912 4 860
 - Grain Milling 


- Tea (Drying) 3 602 3 680 3 145
 

- Edible Oils 3 084 460 1 168
 

- Tobacco (Drying) 9 831 11 250 33 731
 
- Animal Feed Milling 310 2 504
 

700 849
- Coffee (Washing) 
 -
15 905 - Fish Processing 

530 - Tanneries 


(151 400) (136 801)
(Substotals) (933 874) 

- Extractive Indust!%

- Sawmilling 51 136 22 530 29 432
 
166 097 40 950 6 731
- Bricks, Tiles 

- Lime 	 15 169 14 720 2 099 
16 617 1 020 2 367 - Minerals 

-
56 448 
- Other Clay Products 


(Subtotals) (305 467) (79 220) (40 679)
 

- Food Industries
 
183 323 88 480 - Tabu and Tempe 

- Emping 71 001 16 640 

- Bakeries 18 630 8 100 
-
2 812 - Dairy Products 


3 632 440 
 -

- Beverages 


13 750 8 580 
 -
- Tapioca 

7 100 - Other Food Products NES Fa 477 


(3'8 625) (129 340) 
 -
(Subtotals) 
- Craft Industries 

-19 800 8 930 
- Blacksmithing(Agric.Tools) 

- Bamboo and Rattan Products 1 451 194 

- Blacksmithing ( General and
 
Boat Fittings) 	 19 968 3 260 

-- Furniture Making 65 024 15 600 


- Handicrafts 
 67 054 4 830 

- Rope Making 67 867 

-Footware 4 605 2 900 

(Subtotals) (1 695 512 ) ( 35 520) 
- Textiles 

-
11 097 - Spinning and Dyeing 

91 426 17 850 

- Weaving 

122 347 12 770 

- Batik 

-
17 409 4 210 
- Garments 


27 182 3 300 
- Other Textiles NES 


(269 461) (38 130) (Subtotals) 
- Other Industries NES 

- Manufactures NES 43 405 3 660
 
42 136 

- Others NES 

(Subtotals) (85 541) (3 660)
 

437 270 177 480TOTALS 	 3 668 4 

1/ Rural Share calculated using apportionment from Table A2 

2/ Assumes average of 10 persons engaged per Small-scale Industry Unit.
 

A16
Data Source: BPS 




TABLE AiO
 

ENERGY INPUTS: RURAL SECTOR, ESTIMATES, 1978, WE. 

Elect- Nat. Gasoline I.D.O. I.D.O. Kerosene Residual Coke Coal Charcoal Fireuood luman Animal Totals 
ricity Ga_ (lein) (SoTar (-iT)) -el 0 - -

DOE DOE DOE 110E DOE !OE DOE DOE DOE DOE DOE DOE OE DOE 
AGR ICUI.TUJRE 

- Food Crops 

-Cultivations - - - 33 243 .... .. 1 770 000 885 000 2 688 243 
-Irrigation - - - 50 452 - - - . ... 50 452 

- Estates - - 2 031 181.029 229 - - 183 289 

- klantatLions - - 96 650 747 385 197 178 - 44 925 . .- - 1 086 138 

(1 770 000) (885 000) (4 008 122)
(Subtotals) - - (98 681) (1 012 109) (197 407) - (44 925) . ... 

AGHO- ININISTRY 

-Larre-Scale
 

- Sugar Production 5 816 518 90 056 191 490 475 188 1 147 666 324 31 537 1 949 - - - 1 464 025 
- Rubber Irocessing 9 666 - 8 240 413 126 63 744 14 256 9 296 - 518 328 
- Coconut Oil 3 395 - 2 771 50 149 24 237 1 995 - - - 11 300. - 93 847 
- Tobacco (Drying) 103 - 2 122 3 C68 82 25 693 - - - 52 100 - 83 968 

- 2 000 - 33 724 - Eulible. Oils & Fats 1 615 517 12 406 16 344 842 - 

- Animal Feed Hillig 1145 - 1 138 25 179 - 287 - - - - 26 749 
- Tea(Dlrying) 124 - 701 14 163 607 3 776 - - - 50800  70 171 
- Pice ?Hilling - - 696 18 979 765 433 - - - 20 873 
- Cof fee (Washing) 186 - 230 2 433 32 366 - - -  3 247 

(S1ttotall) (21 050) (51b)(lOf 471) (731 793) (560 999) (48 795) (675 620) (31 537) (1 949) - (116 200) . - (2 314 932) 
- smsll-sc:ale 2 

- lHi,. Hillin - - 755 776 - - - - - - 755 776 
- Sugar Pioi'ction - - - 531 891 - 505 000 - 0306 891 
- 1.1.11 - - 84 339 --Hllin  - - 84 339 
- Cocollut Oil - - 26 365 -.. ... 26 365

49 301 
- Rubber Processing - - - 18 801 - - - - 3 -p 

- Tea (Drying) - - - 8 499  9 100 - - 17 599 
- Cut lee (Washlng) - - - 4 576 -  4 57b 
- Lahble Oils and Fats - - - 3 672 .. .... 3 672 
- Animal Feed Hilling - - 3 269 - -. .. 3 269 
- listh Processing  - 37 700 - - 37 700 
- Tubacco (Drying) - - --... 14 400 - - 14 400 
- Tasnries .. ..... .. 3 100 - - 3 100 

(Subtotals) - - (901 625). - (535 563) .. .. (599 800) - (2 036 988) 

FORESTRY 

- Lxtraction - - 17 860 1 818 478 16 371 - 6 450 . . .. 1 959 159 
- Conversion 

- larce Scale A! 2 070 - 17 762 239 319 1 668 2 385 - 263 204 
- Small Scale 2/ - . 19 177 - - - 19 177 

(Subtotals) (2 070) - (55 622) (2 156 974) (18 039) (2 385) (6 450) . . ... (2 241 540) 

................................................................... Contd.
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TABLE AID 
continued 

Elect- - Hat. A.D.O. 1.D.O. Kerosene Residual * Coke Coal Charcual Firewood* Human Animal Totals 

ricity Gas (Bensim) (Solar) (Diesel) Oil 

DOE DOE DOE COE DOE DOE MOE DOE DOE DOE DOE DOE DOE DOE 

EXTRACTIVE INDUSTRY 

- Quarrying 
- Flnera:ls 

- 187 62 361 74 199 .- 136 747 

- Larce Scale / 186 - 885 14 308 9 987 18 16 600 - - 1 984 

- Small Scale - - - 10 678 - - le 678 
Lime 

- Large Scale - 3 058 931 37 819 13 992 2 361 245 680 -- 5- - 303 84)1 
- Small Scale 21 . - - - - 209 So .- - 209 

- Clay Products 

- Large Scale 11 
- Bricks, TTles 145 - 236 12 450 34 40. 2 263 272 240 . .. - - 321 740 

- Small Scale 21 
- Bricks, Tiles 
- Otherroducts 

- - -
-

-
-

-
-

-
- -

902 200 
47 000 

-
-

-
-

9C2 200 
47 000 

(Subtotal) (331) (3 058) (2 239) (137 616) ( 132 584) (4 62) (534 520) - - (1 159 700) -- (1 973 690) 

1O(0 INIIISTRILS I/ 

- Tahu and Tempe 
-Emping 
- Bakeries 

-

-

-

-

-
-

-

-
-
.. 

26 127 

-

-

311 4SO 
9 997 
-

-.. 

-.. 

-

. 

. 
295 700 
55400 
65 200 

-
-
-

-
-
-

607 lO 
175 397 
91 327 

Dairy Products-Beveraf~es . . ... .. 14 8a10 492 .. ..... - 14 810O492 

-Tapioca 
- Other Food Products -. - -

- 8 296 
- -

-

25 702 105 
-

800 -

-

-
8 296 

131 502 

(Subtotals) - - - (26 127) - (435 119) - - - (25 702) (552 100) - - (1 039 048) 

CRAFT INDUSTRIES 1/ 

- Blacksmithing (Agric) - - - - 55 847 - - 55 847 

- Bamboo and Rattan - - - 41 480 - - - 41 480 

- Blacksmithing (Gen.) 

- Furniture 

-

-

-

- . 003 
17 695 

-
-
-

-
-

17 695 
8 003 

- Ropemakin 
- Footuare 

-
-

-
-

-
-

2 68" 
2 147 

.. 
.-. 

. 

... 
.... 2 68 

2 147 

(Subtotals) - - - (58 804) - - - (73 542) - - - (132 346) 

TEXTILES j/ 

- Weaving 
- Batik 
- Garments 
- Spinning and Dyeing 
- Othiet Textile nds. 

(Subtotals) 

-

-. 

-
-

-

-

-

.-

-

-

-

-
-

-

7 222 
-
8804 S 

3 172 
9 760 

(25 034) 

.--. 

..--
-
..-

-

-

- -

-

-... 

50 700 

-. 

(50 700) 

-

-

-
7 222 

50700 
4880 
3 172 
9 760 

(75S 734) 

OTIER INDRIETiES 11 

- Hanufactures - - - - - 5 075 .--. 5 075 

- Others 
(Subtotals) 

-
-

-
-

-
-

37 714 
(37 714) 

-
- (5 

-
075) 

-

-

39 700 
(39 700) -

-

-

77 414 
(82 489) 

NON-Il N LLECTRICITY - - 37 920 - - - - 37 920 

WATER StillLY - - 37 920 - . .... 37 920 

T 0 T A i. S 21 451 3 576 263 011 5 079 789 929 029 1 115 417 1261 515 31 537 1 949 99 244 2 517 200 1 770 000 885 00 13 980 729 

I/ I.are and Helium Scale Enterprises. 2/ Ilousehold. Cottge and Small-scale Enterprises 
. : '.lit',1"I "|I Il It "*.. 
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A. 	Introduction
 

areas ranks high among
Meeting the energy needs of rural 


House
the current priorities of energy planning in Indonesia. 


is of particular importance. It is recognized
hold energy use 


of energy in the home, together with its costs,

that the use 


has a direct relationship to welfare and basic needs. The
 

need
 
Indonesian government is concerned, therefore, 

with the 


a bearing on energy

to review national policies that have 


This sector accounts for
 
consumption in the household sector. 


a
 
per cent of total national energy consumption (or,


about 65 


per cent, if only commercial fuels are taken in
significant 25 


to account).
 

needs of Indonesia's 28 million

Meeting the basic fuel 


households (81 per cent of whom are in the rural areas) is of 

fundamental importance. And there is an urgent need to design 

appropriate responses to the rapid increase in kerosene 

consumption in the past decade. 

energy problems and result-
The current interest in rural 


ing investigations have revealed very great uncertainties 
and
 

use. The primary
 
gaps in the knowledge of household energy 


demand
and composition of fuel 

area of uncertainty is the level 


Since the demographic composition of the
 
for domestic uses. 
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for Developcountry is predominantly ru' al, the Energy Planning 

focused its effort *on defining an appropriatement Project 

in rural areas through a housemethodology for collecting data 


hold survey. The analysis of this information reported here is
 

a first step towards acquiring a fuller understanding 
of the
 

demand in rural Indonesia.
 
current level and composition of fuel 


The rural household energy survey carried out under this
 

It was conducted in
project was designed as a pilot survey. 


eight regions of the country, in Java, North Sumatera and
 

during the months of October and November, 1980.

Sulawesi, 


The following were the objectives of the survey:
 

data base for policy analysis.
11 To establish a minimal 


2) Develop local capability to collect and analyze energy
 

data.
 

3) Develop a methodology and survey instrument for
 

future use.
 

4) Strengthen the capacity of the DJK to manage such
 

efforts.
 

The survey aimed at collecting data to construct a profile
 

for each of three broad income groups.
of household energy use 


be collected on physical
It was intended that the primary data 
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This data in conjunction with
 
levels of consumption of fuels. 


the energy content of fuelwood 
species, and
 

secondary data on 


te used to
 
relative efficiencies of energy 

conversion would 

on 


Such a profile
 
estimate present levels of energy consumption. 


change,
 
in examining the possible effects 

of income 

is useful 


for policy-making.
in technology

fuel substitutions or changes 


Given the demographic, economic 
and physical variety of
 

a pilot effort
explicitly

Indonesia, the scope of the project was 


With this limitation, the survey 
had the
 

to test a methodology. 


second important objective 
of making a practical contribution
 

capability to undertitke the
 
towards the development of 

a local 


design and supervision of 
such a data collection and 

analysis
 

a coopera-

The project was planned from 

the outset as 

exercise. 


include the active participation 
of several
 

tive undertaking to 


university teams, thereby 
to enlarge the range of experience
 

and to draw upon the
 
energy issues,
about rural
and awareness 


among
 
considerable range of expertise 

about such issues 


institutions outside the Ministry of Mines and Energy. 	 Any
 

a
 
future effort to expand the scope of data 

collection to 


and continued
resources 

level will require the human 


national 


support of such institutions.
 

important opportunity to
 
pilot survey also provided 

an 

The 
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appropriate survey questionnaire and methodology 
for
 

develop an 


*future appl',caton in a representative national 
sample. A number
 

undertaken in the past

of small-scale regional surveys have been 


energy consumption, but
 
ten years to examine patterns of rural 


at defining the appropriate
previous attempts
there have been no 


While the U.S.
 
design for a national rural energy data base. 


project staff developed the initial questionnaire based on previous
 

was the product of
 
surveys in other countries, the final design 


U.S. project team, an
a collective effort on the part of the 


In
 
advisory team of Indonesian experts, and staff of the DJK. 


refining the questionnaire several pre-tests were carried out
 

in various regions.
 

All phases of preparatory training and of the field work
 

were carried out under the supervision of DJK's staff, in
 

The data analysis
association with university team leaders. 


the result of a cooperative
was
(including tabulation) also 


selected for analysis,

In a first phase, certain data were
effort. 


reduce the costs of processing, and a preliminary analysis
 so as to 


was carried out by the
 
of local (i.e., university team) results 


During a second
in their respective regions.
university teams 


phase, after a discussion in Jakarta of these results and of the
 

field experience in a special week-long workshop, a centralized
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undertaken under DJK's supervision.

data analysis effort was 


phase of data analysis.
final
A university team assisted in this 


be analyzed at a future
 
Portions of the collected data remain to 


revise the
 
It will be an important future step to 
stage by DJK. 


reliable
 
estimates of energy consumption reported here when 

more 


income is made available for the households
 
information on 


surveyed from data collected in the SUSENAS 
survey of the same
 

unavail-
These data were 

households conducted in January, 1980. 


It is quite likely that
 able 	at the.time of the EPFD survey. 


information will substantially alter the pattern of fuel
 
this 


as reported here. The
 
consumption among various income groups 


present results should be treated, therefore, as preliminary.
 

review the uncer-

In the remaining parts of the Appendix, we 


rural energy consumption based
 
tainties in exl'sting information on 


overview of
 
a selected number of previous studies, present an 


on 


the methodology of the EPFD survey and then present its major
 

are made for appropriate
In conclusion, recommendations
findings. 


follow-on steps. 

B. Uncertainties in Existing Information
 

There has been a considerable amount of previous work 
on
 

to
 
rural 	energy consumption in Indonesia, and it is useful 
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place the current survey in perspecreview these, in order to 


about this previous

One of the most interesting facts
tive. 


per
 
work is the great variety of the 

conclusions with respect to 


Table 1 illustrates this
households.
capita consumption in rural 


major efforts to date that have attempted to make
 
variety in all 


It is apparent from these
 
estimates of biomass consumption. 


when the first maj survey was
 
independent data since 1971, 


carried out by the Forest Products Research Institute 
(for 1,250
 

as to
consensus 

in East Java (,) there has been no 


households 


Our review of these major studies 
suggests
 

actual consumption. 


particular
 
that while eyisting Information 

is often limited to 


regions, they contain large uncertainties.
 

of energy consumption
on the level
The divergence of views 


the
 
in rural households, is especially great with respect 

to 


consumption of traditional biomass fuels (primarily wood, agri

case of
 
to a small degree, charcoal); in the 


cultural waste, and, 


fuels, primarily kerosene, per capita estimates from
 
commercial 


considerreliable, but there is still 
sales information are more 


able variation in estimates developed 
on the basis of survey data.
 

level tend to
 
Estimates in earlier studies at the national 


- .9 cubic meters
.7 
a relatively narrow range of 

converge towards 


The precise methodologies employed
 
of wood equivalent per capita. 
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Table I 

Per Capita Biomass Energy Consumption In Rural Indonesia
 
(Cubic meter of wood equivalent per capita per year)
 

Location 	 Year Sonsumption Source/Study by
 
,capita/yr.)__ __ _(m 

All Indonesia 	 1956 0.5 Team Survey LPHH (1970)
 
1970 0.7 FAO Estimate;
 

T. Silitonga (1974)
 
1975 0.9 Chandrasekharan (1977)
 

1976 0.8 R. Atje (1979)
 

R. Atje (1979)
Java 	 1976 0.8 

1978 1.0 S. Hadi et al. (1979)
 

East Java 	 1971 0.5 Sumarna & Sudiono (1973)
 

1978 1.3 S. Hadi et al. (1979)
 

Central Java
 
S. Hadi et al. (1979)
Whole province 	 1978 0.6 


0.7 	 (1969)
Solo watershed 1969 LPHH 


Solo watershed 1975 0.4 Wiersum (1976)
 

Solo watershed 1976 1.1 Wangsadidjaja et al.
 
(1979)
 

Wonogiri area 1968 0.8-0.9 Directorate of Land
 
Use (1969)
 

Wonogiri area 1977 0.5 Yudodibroto (1978)
 

West Java
 
2.1 	 (1977)
Whole province 	 1977 H. Haeruman et al. 


1978 0.4 S. Hadi et al. (1979)
 

Citanduy watershed 1977 2.2 Nasendi (1978)
 
0.5-1.2 Cited by H. Haeruman
Cimanuk watershed 1978 


et al. (1979)
 

Citarum watershed
 
et al. (1979)
(seguling) 	 1979 2.5 Rusydi 


1977 (Cited by Wiorsum, 1979)
Sukabumi area 0.4 


Bogor area (Babakan) 1977 0.4 Komarudin (1977)
 

Bandung area
 
(Salamungakl) 1979 1.0 O.S. Abdoellah (1979)
 

R. Atie (1979)
Outside Java 	 1976 1.C 


(1979)
Bali 	 1978 1.1 S. Hadi et al. 


Source: H. Soesastro, Reference (2). 	 1A t
 



unclear Presumably, the
 
arrive at this national level are 


to 

small-scale studies, concentrating 
for
 

results of various local 


some
were combined through
the regions of Java,
the most part on 


But, as
estimates.
national
arrive at
weighting procedure to 


there is no unanimity among these local studies.
 
Table 1 shows, 


This is true even of those studies 
carried out within periods
 

geographic region.

each otber, and within the same 
close to 


the 1975 and 1976 estimates for 
the Solo watershed
 

Examples are 


in 1977 and 1978. In
for West Java

region in Central Java, and 


Java case are extremely large,

in the Westfact, the differences 

timesconsumption fiveshowing a level of 
with Haeruman's figures 

3 (2)3 ( 2 Very
by Hadi (2.1m versus 0.4 m3)

the level estimatel 


the national
 
can be attached, therefore, to 

little confidence 

estimates shown in the table.
 

differencesarise as much from 
The great variations probably 

they do from inaccuracies
as

in methodology and definition 


consumption in rural
 
embedded in the field measurement 

of fuel 


differences among the studies with respect to
 
areas. There are 


(some includefuelwoodin the definition of
what is included 

who is included 
wastes and charcoal, others do not),

agricultural 
consumption""householdand what constitutes 

in the "household", 

include household industry, while
 
of fuel (for example, some 


-8- A\\ 



to cooking and lighting alone).
others restrict themselves 


A second hallmark of the existing information on rural energy
 

trend over
 
consumption is the absence of quantitative views 

of its 


This is hardly surprising in view of the uncertainty 
of
 

time. 


a whole in any single time period.
estimates for the country as 


Indeed, most field surveys have not addressed themselves to the
 

relationship of survey design to policy problems faced by decision

historical perspective. This does not
 
makers which necessitate an 


are
 
mean that those who have prepared and conducted such 	surveys 


in energy

unaware of the necessity to consider the time trends 


limited physical and
 
consumption, but rather it reflects the 


resources that have traditionally restricted the scope

financial 


and to small samples. Nonetheless,

of field work to short periods, 


energy consumption

it remains that the picture of changes in rural 


over time is even more clouded than the static view.
 

on
for example, alternative views
It is possible to find, 


growth of aggregate fuel consumption in the scope of
 the annual 


(3) 
In the period 1967 to 1976, the growth of
 

a single report 


one government report at
 wood consumption has been estimated by 

(4)
 

For roughly
 
an annual compound growth rate of 2.35 per cent 

4 


period, a more recent government agency shows wood
the same 


of 11.3 per cent, and
annual
consumption growing at an rate 


-9



(5)
 

recent growth in kerosene consumption
more rapidly than the 


on changes in
 
Needless to say, such drasti.cally differing views 


the relative importance of fuels in the country make the rational
 

design of national policy an impossibility.
 

estimates of kerosene consumption for household
In general, 


and its trend over time, are more reliably known because
 
uses, 


and regional levels are availsales information at the national 


of 0.6 - 0.7
 
able. This information shows a current level 


sales between 1970 and 1979
 liters per household per day. Total 


faster than population
rate of 10.4 per cent, much 
grew at an annual 


the
 
growth in the same period, and almost twice as rapidly as 


same period (approximately 5.6
 annual growth of GDP in the 


per cent).
 

Survey data show levels of household consumption in rural
 

areas to be considerably higher than shown by sales information.
 

In one recent study based on surveys carried out in West Java by
 

6 )
 average consumption per household, while varying 
within
 

CSIS , 


a wide range, depending upon locality and household income, was
 

Another recently completed survey,
noted at 1.7 liters per day. 


carried out by Weatherly and Arnold, also showed kerosene consump

(7)
 

tion to be higher than the national average
 

the existence of large regional variations
This points to 
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The last two
as a domestic fuel.
in the importance of kerosene 


mentioned estimates were based on careful 
measurement over
 

Even allowing for seasonal variations which
 several months. 


might account for some variance, it is likely that the observed
 

indicative of much higher consumption
are
levels in survey data 


average.
in particulav regions than the national 


The regional sales data allow a preliminary analysis of
 

but only in the broadest
 per capita variations among regions, 


terms. Since Java accounts for 75 per cent of sales and 65 per
 

cent of the rural population, its per capita consumption is higher
 

The actual reasons for regional

than in the outer islands. 


A plauible view
be only speculatively assessed.variations can 

is that kerosene consumption is affected 
by variations in regional
 

income.
 

Recent studies of national kerosene consumption, bised on
 

and showinformation between 1970 1979, that 
historical sales 

half the growth in total kerosene sales of 10.4 per cent
 
well over 


per year can be accounted for by changes in per capita income.
 

the
 
The balance of this very rapid growth is probably due to 


relative change in kerosene prices in the 
period, which in real
 

cent each year(8)
rate of abou.t 7 per
annual
terms, declined at an 


However, there is no confirmation of such 
behavior at the level
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relationship between
of sub-regions 	to clarify the nature of the 


household income and kerosene consumption, other than the infor

mation contained in SUSENAS' information from household budget
 

surveys 9 ) , which shows predictably that household income and
 

expenditure on 	kerosene are positively related.
 
(10)

phenomenon

Since kerosene consumption is primarily a rural 


can affect the
it can be speculated that factors other than income 


These factors
relative importance of kerosene in different regions. 


might include 	local physical endowments of woodfuels, or the pattern
 

of labor availability and its allocation to household tasks such as
 

a fuel collection.
 

While it is possible to arrive at an estimate of aggregate
 

over

kerosene consumption, and, to some extent, analyze its trend 


time, there is much less evidence on how kerosene is used in the
 

rural household, especially in relation to other traditional fuels.
 

The available information allows alternative judgments about
 

for lighting. From
the use of kerosene as a fuel for cooking and 


survey data, the fraction of total kerosene sales used for cooking
 

40 and 60 per cent.
and lighting has been estimated by Strout to be 


20 per
S. Hadi's estimates for roughly the same period are 80 and 


cent. 	 Such inconsistent views make it very difficult, if not
 

evaluate the impact of selected national policies.
impossible, to 
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is much evidence to show 	that the very
For instance, there 


policy
rapid growth of kerosene consumption is tied to a national 

of providing subsidies to consumers through controlled prices for 

at great national economic cost (direct costs
 
petroleum products, 


calculated to be about $630
 
to the national treasury have been 


the economy much higher). One can
 
million, with real costs to 


than they

claim that these subsidies benefit richer families more 


do the poorest sections 	of the population. Data from national
 

budget surveys carried out by SUSENAS show that kerosene purchases 

for only 6 per cent of the poorest households. These house
account 


the lower 40 per cent of the income ladder, apparently

holds, 


.
 
only 20 per cent of all 	kerosene sold (1 1 )
 consume 


However, a consistent national picture of regiornal variations
 

overall pattern is not available. If kerosene is more
 in this 


than as a fuel for lighting as suggested

important as a cooking fuel 


of kerosene subsidies will
 by S. Hadi's estimates, 	then the removal 


serious impact than is commonly assumed.
 a more
undoubtedly have 


data on a consistent basis becomes
 
The collection of national 


as
evaluate an issue such this.

imperative in order to 


Survey
C. Methodology of the Present 


C.l 	 Analytical Framework
 

The methodology developed for the rural household energy
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survey was intended to result in a simple, and cost effective
 

a later time in a nationquestionnaire, which could be used at 


wide survey, allowing consistent regional comparisons. The method

ology also was designed to allow for uncertainty in the quality of
 

the data, and the use of information from secondary sources, while
 

as
retaining the ability to absorb new and improved data these
 

become available.
 

Another main con.ideration was to have an analytic approach
 

capable of highlighting the structural composition of current
 

energy demand, in relation to different types of fuels used,
 

"end uses" (cooking, lighting, transport, etc.), and allowing a
 

simulation of the impact of income growth, technology changes
 

and fuel substitutions in the future. And, finally, it was deemed
 

important to adopt an information-systems approach in which data
 

on the rural sector are seen as only one component of a larger
 

body of energy demand data that will be collected and maintained
 

over time.
 

The present survey shares a number of concerns with the
 

the consumption of
earlier work we have cited; we have focused on 


fuels. Previous studies, by contrast, emphasized the supply-side
 

effects of current consumption, especially with respect to fuelwood.
 

The interrelationships between fuels have been largely neglected
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in previous work, with the notable exception of the above-mentioned
 

efforts of CSIS, and of Weatherly and 	 Arnold. 

The chosen analytical approach utilizes a modification of
 

been widely
the Reference Energy System (RES) framework which has 


The principal feature

used to analyze national energy options. 


of the RES approach is the integration of a set of estimated
 

allocations
 energy demands, energy conversion technologies, fuel 


into an overall energy supply-demand
and energy resources 


balance, at the sectoral, regional and national levels. For 

a whole, the RES approach requires
the energy system as
a view of 

use, and efficiencies
information about the details of demand by end 

with which each demand is satisfied by each fuel.
 

An additional requirement guiding the 	choice of methodology
 

a simple econometric
is a need for a projection technique using 


demands are related

estimation procedure in which household fuel 


tt.e income and demographic
as
to e set of explanatory variables, such 


supply-side influencescomposition of households, cooking habits, 

other collected fuels and

such as the availability of wood and 


relative prices. If the statistical analysis reveals a strong 

variables and the level of
relationship between the explanatory 

the estimated relationship from survey datd
 
household fuel demand, 


can be used to predict fuel requirements, based upon alternative 
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the set of explanatory variables.
assumptions about changes in 

be in the useThere are some well-known problems to overcome 

The choice of explanatory
of such a projection approach. 


of the model) is often extremely
variables (i.e., "specification" 


difficult, especially when the expianatory (or "independent")
 

some unknown
variables are themselves systematically related in 

way. Furthermore, the use of cross-sectional data collected at 

over time is subjectpredict changes
a single point in time to 


criticisms. The essential predictive relationshipsto numerous 

can quite readily change over time. Therefore, it is always 

preferable to use "pooled" cross-sectional data, collected over
 

a
 
a sufficient period of time (several years, at least) when 


A much more fundamental
is to be developed.
projection model 


is that econometric techniques
criticism at the methodological level 


of projection are often inapprbopriate to the analysis of 	socio

economic phenomena in developing countries. In settings 	where
 

are

"non-market" forces, such as tradition and caste status, 


important determinants of group behavior, a more qualitative
 

approach may be more appropriate. In principle, complex models
 

into account this multi-layered set of
 can be built to take 

of rural groups. In practice,that affect the behaviorinfluences 


however, the data requirements (and hence, the costs) of such
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complex models are so enormous as to severely reduce their
 

utility to policy-makers.
 

With these limitations in mind, the methodology adopted in
 

the present study placed emphasis on the data for the much
 

simpler RES similation approach. However, sufficient data
 

included to allow the specification of very
categories have been 


simple log linear regression equations to analyze variations in
 

pattern of energy demand among the households sampled(12).
the 


The regression analysis will be completed in a future phase
 

of the present study. The results presented in this report focus
 

on profiles of fuel consumption in the RES format. But it is
 

important to recognize that the methodology of the survey was
 

constructed to allow this important further analytical step.
 

This step will eventually contribute towards a more complete
 

presented in
understanding of patterns of household energy use 


the RES format.
 

C.2 	 Data Collection Procedures and Scope of Data
 

are
The categories of data collected in the survey shown in
 

a questionnaire,
Table 2. A fixed interview technique with 


was utilized.
combined with field measurements of fuel consumption, 


three categories of information:
The questionnaire focused on 


(a) household characteristics and income-related information,
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Table 2
 

Principal Data Collected
 

III. 	FUEL MEASURD(ENTI. FUEL DATAI. 	 HOUSEHOLD 
CHARACTISTICS (from Recall) OF COOKING AND 

LIGHTING. FUELS 

Income-Related
 
Information__________
 

& 1. Cooking Fuels
1. 	 Family Size & 1. No. of Fuels used 

TypeComposition Solid Fuels 
- quantity used
collected fuels
2. 	 No. of Persons 
 in weight, day 1,

Eating Mealn at 

__purchased fuels day 2.


Home 

Fuel 	Collection Liquid Fuels
3. 	 Fami]' Income 2. 

- quantity used 
from: in liters, day 1,sourceswages (cask) 

labor required per day 2. 
wages in kind 

week (in time)other income(cash) 
Number of Persons fed 

other income(in 	kind) 
- day 1, day 2.3. 	 Fuel prices 

4. 	 Land Ownership, _by type 
Area Farmed, 
Cattle Ownership. 4. Electricity Use 2. Lighting (Kerosene) 

- quantity usedsource 
1, day 2.

5. 	 Transport Require- _fuel used for local day 

ments 	by Principal generation
 
no. of persons using
Mode 
shared generator. 

5. Seasonal variations for 
each 	fuel used: 

perestimated use 
month in: 

months of some 
use 

months of high
 
use 

number of months of
 
use
 
high use
 

some use 
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Table 2 
(continued)
 

V. LOCAL CHARACTERISTICSIV. DEVICE DATA 
OF FUEL USEfrom direct observation 

& recall, by type of device(Village level data 
from observation and(cooking, lighting .& 
'interviews),appliances) 

1. Fuel PricesNumber owned 

keroseneSize characteristicsif applicabledeieoneso wooddeviceiaplclewood 


Full consumption rate
 

if applicable or available charcoal
 

Weekly fuel consumption 
2. Main Energy Using

if applicable 
Establisbments 

schools, churches
 
etc. 
commercial 
establishments 

of fuels used-types 
by end used
 

3. Fuel Supply Issues 

sources of purchased 
fuel 

- export of fuels 
uses of agricultural 
waste for nurposes 
other than fuel
 

if anyshortages, 
deforestation
 

VI. SECONDARY DATA 
DATA FROM PUBLISEM) 
SOURCES OR INTERVIEWS 

Fuel content of wood 
species & agricultural 
wastes by weight 

conversl onoff iclency 

characteragroecoaamic 

istics (wages by 
occupations & agricultural 

of region,characteristics 
water requirements_ 
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the recall of respondents, 	and
(b) fuel consumption based 	on 


(c) information on energy-using devices.
 

collected served a particular purpose
Each category of data 


in the analysis:
 

(a) 	Data on Household Characteristics: The primary purpose
 

and income-related characteristics
of the information on households 

allow a comparison of energy consumption
of the household was to 


economic well-beingpatterns among hou.;eholds at different levels of 

and to examine these differences according to the major uses of
 

fuels. 

Based on the recall of respondents,(b) Fuel Consumption Data: 

the types and quantities
the questionnaire sought information on 


the information
of various fuel uses. Of particular importance was 


sources. This
 on how traditional fuels are collected, and their 


field measurements, and
as
information was used a cross-check on 


used to relate the observed level of fuel consumption to the
 

local fuel supplies. The information
particular characteristics of 


on seasonal variations was necessary for purposes of computing an
 

consumption frci the observations during field
 
annual level of fuel 


measurement.
 

(c) Data on Energy-using Devices: This information was
 

required primarily to determine the level of electricity consumption, 
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in the
the numbers and capacities of devices present

based on 

In the cas'e of other fuels, estimates provided by

household. 


the weekly use of devices allowed a crossthe respondents on 


Lastly, the information collected
check of field measurements. 

devices is important in projecting possible 
effects of changes
 

on 


in technology or utilization practices. 

(d) Local Characteristics of Fuel Use and Secondary Data 

for Analysis: Each university team was called upon to gather 

energy utilization at the
 
background on economic activity and 


data on local species of
Also included were
community level. 


This information
 
wood, and information about supply conditions. 


to convert
 
combined with other data from published sources 
was 


Price data, partic
physical quantities of fuel to energy units. 


ularly for kerosene, were also collected.
 

C.3 Field Measurement Procedure
 

An 	important requirement of the field work 
involves the field
 

for cooking and lighting.
daily fuel consumption
measurement of 


three consecutive days in each household
 
Measurement occurred on 


a 48-hour period.
estimate of consumption over
to permit an 


During a pretest of the questionnaire, it became apparent
 

ten fuels may be stockpiled (in small amounts)

that as many as 


This fact influenced
as cooking fuels.
in the homestead for use 
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survey. Given the 	limitathe field approach 	adopted in the actual 


tions imposed by the pilo; scale of -the study and the time and
 

manpower allotted to field work, a comprehensive measurement of
 

was ruled out. Instead, households werc required
all cooking fuels 


for use during the measurement
to preselect a particular fuel 


household preference and availability.
period, based on 


A stockpile of the selected fuel was measured by the interview
 

least a full day's consumption for
 
team, sufficient to cover at 


daily rate of cooking fuel consumption was estimated
cooking. The 


stockpile.at the end of each 	 24-hour period by noting changes in the 

record changes in the stockpile through
(Households were required to 


purchasing during the measurement period to allow
collection or 


accurate consumption estimates.)
 

measur-
Kerosene consumption was measured in a similar way by 


ing liquid stock on hand, including the contents of stoves and
 

at the start of each 24-hour period.
lamps, 


C.4 The Sample 

In principle, sampling for a national or regional survey
 

can be approached in a number of alternative ways. A multi-step,
 

target population
stratified sampling approach is applicable when the 


is very large. In 	Indonesia, given its large rural population and
 

economic and physical characteristics, stratified
wide variations in 


' k\ > 
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sampling would be appropriate. The proper approach in sampling
 

design would be to select criteria for sampling that would
 

capture the major differences in regional characteristics. These
 

may include upland or lowland agriculture, variations in
 

physical location that influences energy consumption such as
 

topographical differences, variations in biomass resources, and
 

economic variation among regions based on per capita income, income
 

distribution, landholding, or the pattern of rural industry.
 

Another question to be faced in sampling design includes the
 

decision to use a random or purposive approach. If the purpose
 

at hand is to understand the dynamics of household energy consump

tion among various socio-economic groups, it is often useful to
 

.
 use a purposive rather than a random approach (13 )


The choice of households to be included in the present survey
 

did not employ a systematic sampling design that took these
 

factors into consideration due to limitations of time and resources.
 

Since the survey was designed as a pilot study, a pragmatic view
 

required the use of an existing sample frame.
 

The sample of households was randomly drawn from the list of
 

rural census blocks defined in the SUSENAS survey, ca ied out in
 

January 1980. The lists were made available by BPS. The sample
 

for the current study is a subsample of the SUSENAS national survey
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Each census block covered from one

carried out in January 1980. 


to five Kabupatans (districts). This sampling procedure was
 

guided by the need to limit field work to a one-month period,
 

within regions defined by considerations of accessibility. One
 

hundred households were randomly selected within each 
of eight
 

the eight university locations. The
 
census blocks contiguous to 


initial 800 households. As Table 3
 
total sample consisted of an 


sample, after sorting for enumeration errors,
shows, the final 


procedure had the advantage of eliminating
793. This
was reduced to 


a sample frame. In addition,
the expensive task of assembling 


it will allow a future comparison with energy and income data
 

survey. This will be particularly important
collected in the BPS 


revising estimates of household income, which in the 
present


in 


a very simple approach using respondent
survey design were based on 


recall and reported occupational structure.
 

The limitations of this sampling procEdure should be kept in
 

The estimates of 'regional'

mind when considering the results. 


patterns of 'onsumption are, strictly speaking, reliable only for
 

the selected Kabupatans (districts) in which the survey was
 

SUSENAS sample is
 conducted. (This assumes, of course, that the 


representative.)
 

drawn to represent a cross-section
Since the sample was not 
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Table 3
 

Distribution of Households by Income Group
 

Province 


N. Sumatra (Medan) 


W. Java (Bogor) 1 


W. Java (Bogor) 2 


W. Java (Bandung) 3 


C. Java (Semarang) 1 


C. Java (Jogjakarta) 2 


E. Java (Surabaya) 


S. Sulawesi (Ujungpandang) 


All Regions 


Less 

than 

228,000 


12 


28 


16 


50 


57 


42 


26 


30 


261 


Income Group
 

(Rupiahs) 


228,000-

480,000 


52 


31 


31 


29 


25 


26 


33 


36 


263 


Total 
Greater 
than 
480,000 

42 106 

40 99 

51 98 

23 102 

9 91 

31 99 

31 90 

32 98 

259 783 



Districts Surveyed in Each 


University 


Universitas Sumatera Utara, 


Medan (USU)
 

Lembaga Penelitian Hasil Hutan 


(LPHH), Bogor
 

Institut Pertanian Bogor (IPB), Bogor 


Institut Teknologi Bandung (ITB), 


Bandung
 

Universitas Diponegoro 

(UNDIP), 

Samayang 


Universitas Gajha lada 


(GAMA), 

Jogjakarta 


Institut Teknologi Surabaya 


(ITS), 

Surabaya 


Universitas Hasanuddin 	(UNHAS), 


Ujungpandang 


Total Number of Households: 783
 

Table 4
 

Province and Participating University
 

Province 	 Kabupatan District
 

North Sumatra 	 Deli Serdang
 

West Java 	 Bogor
 

West Java 	 Bogor
 

West Java 	 Bandung
 

Central Java 	 Semarang
 
Demak
 
Kendal
 

Central Java 	 Jogjakarta
 
Sleman
 
Bantul
 
Kulonprogo
 

Gunung Kidul
 

East Java 	 Surabaya
 
Lamongan
 
Sido3rjo
 

South Sulawesi 	 Gowa
 
Marcos
 



of income groups among the households of each district, the
 

approach to disaggregating the sample according to household
 

the
income employed an 'ex poste' approach. Survey data on 


income
reported occupational structure and reported annual 


and in kind) of each household were examined. The

(in cash 


783 households
observed rank distribution of income for all 


size.
 was the basis for defining three income classes of equal 


was defined as the income range of the

The highest income group 


those
 
top third of the distribution, the middle income group as 


next third, and the low income group
in the range of income of the 


those in the income range of the lowest third.
as 


D. Results
 

D.1 	 Fuel Demand
 

uses in the
The pattern of fuel consumption for domestic 


average sampled household is shown in Table 5 according to
 

fuels and end uses. On average, among all regions studied,
 

fuels for cooking and lighting
the annual consumption of all 


amounted to 6.99 b.e.e. per household. This is equivalent to a
 

per capita consumption o 1.33 b.o.e. per year.
 

Wood for cooking is the primary component of domestic
 

energy consumption accounting for about 70 per cent of the total.
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Table 5 

Annual Fuel Demand
 

(Barrels of Oil Equivalent)
 

regions - 783 households)
(Average for all 


Per Capita
Per Household
Fuel/End-Use 


Wood and Agricultural 
.93

Waste for Cooking 4.92 

Kerosene
 

.18.93Cooking 

.22"1.14Lighting 


.40
2.07
Total Kerosene 


1.33
6.99
Annual Fuel Demand 
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The annual per capita consumption level of 0.93 b.o.e. is
 

equivalent to a level of approximately 0.88 kg per day.
 

Per capita kerosene consumption of 0.40 b.o.e. annually
 

is equivalent to approximately 0.2 liters per capita per day.
 

Kerosene is primarily a lighting fuel, accounting for 16.3 per
 

cent of total energy demand. Kerosene use for cooking accounts
 

for the remaining 14 per cent of annual fuel consumption.
 

D.2 Basic Energy Demand
 

Differences exist in the relative efficiency with which
 

fuels are converted to light or to the effective heat delivered
 

to the cooking pot. These differences are reflected in the
 

calculation of basic energy demand shown in Table 6. On a
 

per capita basis the useful energy consumed amounted to 0.17
 

b.o.e. annually. We have assumed the following relative
 

efficiencies 	in the use of fuels: 

Lighting kerosene: 0.18 

Cooki g 
Wood and agricultural waste: 0.06
 

Kerosene: 0.40
 

Viewed from the perspective of its share in total basic
 

energy demand, kerosene, as shown in Table 6, emerges as the
 

primary fuel, its share of 65 per cent being More than one and
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Table 6 

Annual Basic Energy Demand Per Capita
 

(Barrels of Oil Equivalent and Shares)
 

Basic Energy
 

Demand Shares (M)
Fuel/End-Use 

Wood and Agricultural 
Waste for Cooking 0.06 35.3 

Kerosene
 

0.07 41.2
Cooking 

0.04 23.5Lighting 


0.11 64.7
Total Kerosene 


100.0
Total Annual Basic Energy Demand 0.17 
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per cent). The reason,
half times the share of wood (35 


as 	a lighting

clearly, is the higher efficiency of kerosene use 


or 	cooking fuel.
 

D.3 	 Resource Requirements
 

in the process of refining,
There are efficiency losses 


are supplied to
conversion and delivery through which fuels 


overall efficiency of petroleum
consumers. Assuming an 


refining and delivery of 0.88 in the production 
of kerosene,
 

the total resource requirement is 1.39 b.o.e. per capita. 
This
 

conversion

is shown in Table 7 (it is assumed that there are 

no 


losses in the supply of wood and agricultural waste).
 

D.4 Income Variations in Fuel Demand
 

To 	explore variations in energy consumption among 
different
 

groups, the sample of 783 households was partitioned into
 
income 


As 	Table 8 shows, high income households
 three broad income groups. 


than middle and low Income
 tend to consume only slightly fuelmore 

households (8.36 b.o.e. compared with 7.83 and 7.37 b.o.e. or 

middle and low income households). On a per capita basis, fuel 

larger size of
 consumption declines, explained in part by the 


a marked tendency towards
 high income households, and in part by 


as
satisfy cooking needs 
the substitution of kerosene for wood to 


income rises.
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Table 7 

Per Cbpita Resource Requirements 
(BOE)


Annual 


Assumed Efficiency 
of Resource 

Resource Conversion and 

Fuel/End-Use Requirement Distribution 

Wood and Waste
 1.00
0.93
for Coaking 


Kerosene
 

0.88
0.21
Cooking 
 0.880.25Lighting 


0.88
0.46
Total Kerosene 


Annual Resource
 
1.39
Requirement 


-32



Fuel/End-Use 


Wood for Cooking 


Kerosene
 

Cooking 
Lighting 

Total Kerosene 


Total Annual
 
Fuel Demand 


Table 8 

Demand (BOE) by Income Group
Annual Fuel 


Middle Income
 

(Rp 228,000--


Low' Income 480,000) 

Per Per Per Per 

House Capita House Capita 

5.69 1.12
6.12 1.43 


0.180.28 0.07 0.93 
0.240.91 0.21 1.21 

.42
1.19 0.28 2.14 


7.83 1.54
7.37 1.71 


High Income
 

(Rp 480.000+)
 

Per
 

House Capita
 
Per 


5.41 0.92
 

1.41 0.24 
1.54 0.26 

2.95 0.50
 

8.36 1.42
 



sharp 	increase in kerosene 
This is reflected in the 


The. average high income household
 income rises.
consumption 	as 


the average
as much kerosene as
five 	times
tends to consume 


There is a corresponding decline 
in
 

low income household. 


wood 	consumption.
 

A clearer comparison of how households 
differ with respect
 

to the consumption of particular fuels 
appears in the information
 

Here the relative importance of 
fuels
 

in Table 9.
contained 

is shown for 	each income group. While
 
according to 	their uses 


income
 
cooking remains the dominant fuel-using activity 

among all 


the total declines from 83 
groups, the importance of wood in 


per cent in the case of low and
 
per cent to 	approximately 65 

groups. There is a corresponding four-fold increase 
high 	 income 

a
 
as a 	cooking fuel. Kerosene as 


in the importance of kerosene 


lighting fuel also increases in importance with rising income, 

rising from
 
but its growth is less sharp (its share in the total 


to 18 per cent).
12 per cent 


of particular combinations of fuels 
The relative importance 

and for the sample as a whole 
for each income groupand end-uses 

in each
10. 	 The distribution of households of 

is shown in 	Table 

show 	that the use of wood for
 
six categories of fuel/end use 


single most important
 
cooking arn, kerosene for lighting is the 
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Table 9 

Fuel Demand by Income Groups (%)
The Structuire of Annual 


Fuel/End-Use 


Wood for Cooking 


Kerosene
 

Cooking 


Lighting 


(Total Kerosene) 


Low Income Middle Income High Income 

83 72.7 6"4.4 

3.8 11.9 16.9 

12.3 15.4 18.4 

(16.1) (27.3) (35.3) 

100 100 100 
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Table 10 

Income Groups (BOE)

Annual Basic Energy Demand Per Capita by 


Fuel/End-Use Low Income Middle Income High Income 

Wood for Cooking 0.09 0.07 0.06 

Kerosene 

Cooking 0.03 0.07 0.10 

Lighting 0.04 0.04 0.05 

(Total Kerosene) 0.07 0.11 0.15 

Total Annual Basic 
Energy Demand 0.16 0.18 0.21 
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59 per cent of all sampled households fall into this
 
category; 


kerosene exclusively are a very
group. Households who use 


(category 5 and 6 in
significant 22.6 per cent of the total 


followed in order of significance by households who
 Table 10), 


kerosene for lighting
both kerosene and wood for cooking, and 
use 


(category 3 in Table 10).
 

D.5 	 Income Variations in Basic Energy Demand
 

energy consumed among
in amounts of useful 


income groups have important policy implications. These
 

which shows a trend quite
 

Differences 


differences emerge in Table 	11 


consumption (seen in Table 8).
different from that of fuel 


Though per capita fuel consumption declines with rising income,
 

This not unexpected

the consumption of useful energy increases. 


the relatively higher efficiency of
 result is accounted for by 


we have seen, plays a more important
kerosene use, which, as 


part in the consumption pattern of higher income 
households.
 

For projection purposes, these differences in energy
 

consumption imply that a 10 	per cent increase in 
basic energy
 

much
 
demand among high income households requires almost twice as 


a similar increase in consumption
oil as would be required by 


levels among poor income households (A 10 per cent increase in
 

basic energy requirements generates approximately 
.03 b.o.e. per
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Table 11 

The Distribution of Households
 
According to Fuel Mix & End Use
 

Fuel Mix and End-Use Combinations*
 

Income
 
6 Total
Group 	 1 2 3 4 5 


5 261
Low 	 3 211 18 24 


1 54 5 263Middle 	 1 150 61 

O High 	 5 102 52 2 76 22 259 

9 463 131 	 3 145 32 783
Total 


% of Total 	Sample 1 59 17 .4 18.5 4.1 100
 

* Note: 

1 - Wood for cooking
 

2 - Wood for cooking, kerosene for lighting
 
3 - Wood and kerosene for cooking, kerosene for lighting
 

-I 	 4 - Wood and kerosene for cooking only (no lighting)
 

5 - No wood, kerosene for cooking, kerosene for lighting
 

6 - No wood, kerosene for cooking only
 



capita additional oil resource demand compared with .06 b.o.e.
 

in the case of low and high income househo'ids, respectively.
 

D.6 Regional Comparisons
 

The comparative view provided by the survey of the pattern
 

of energy use among regions is one of striking differences in
 

the level and composition of fuel consumption. There are some
 

underlying similarities as well.
 

Most obvious among the similarities is confirmation of
 

the trends already noted for the sample as a whole. Fuel demands
 

per capita fall, and basic energy demands rise with rising income
 

in most regions. Wood is everywhere the primary fuel though its
 

use declines in absolute and relative amounts among higher income
 

households. For middle income and high income households in all
 

regions, however, kerosene provides the larger share of useful
 

energy needs for cooking. (North Sumatra and the Jogjakarta
 

area of Central Java are exceptions.) But the similarities are
 

overshadowed by the contrasts among regions, as Tables 12, 13
 

and 14 show.
 

There are very substantial differences in average fuel
 

and basic energy demands. In the average household in Semarang,
 

annual per capita fuel consumption is almost three times as high
 

as in East Java (2.51 b.o.e. as compared with .91 b.o.e.).
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Table 12 

Regional Variations in Fuel Demand 

(BOE Per Capita Per Year) 

Middle 
Income 

High 
Income 

Average 
,(All Households) 

I N. Sumatra 

W. Java (Bogor) 

W. Java (Bandung) 

C. Java (Semarang) 

C. Java (Jogjakarta) 

E. Java 

S. Sulawesi 

2.42 

1.36 

1.60 

2.57 

1.15 

1.02 

1.20 

1.56 

1.11 

1.38 

2.59 

1.42 

.94 

1.06 

1.37 

.94 

.96 

2.33 

1.43 

.90 

.99 

1.48 

1.07 

1.31 

2.51 

1.34 

.91 

1.02 

S-x 



Table 13 

Regional Variations in Basic Energy Demand 
(BOE Per Capita Per Year) 

Province Low Income Middle High Average 
Income Income (All Households) 

N. Sumatra 0.21 0.15 0.16 0.17 

W. Java (Bogor) 0.12 0.14 0.16 0.15 

W. Java (Bandung) 0.16 0.20 0.23 0.19 

C. Java (Semarang) 0.20 0.35 0.38 0.26 

C. Java (Jogjakarta) 0.09 0.11 0.23 0.11 

E. Java 0.13 0.16 0.14 0.14 

S. Sulawesi 0.12 0.14 0.22 0.16 



Table 12 

Regional Variations in Fuel Demand 

(BOE Per Capita Per Year) 

Province Low Income 
Middle 
Income 

High 
Income 

Average 
,(All Households) 

C 

N. Sumatra 

W. Java (Bogor) 

W. Java (Bandung) 

C. Java (Semarang) 

C. Java (Jogjakarta) 

E. Java 

S. Sula.esi 

2.42 

1.36 

1.60 

2.57 

1.15 

1.02 

1.20 

1.56 

1.11 

1.38 

2.59 

1.42 

.94 

1.06 

1.37 

.94 

.96 

2.33 

1.43 

.90 

.99 

1.48 

1.07 

1.31 

2.51 

1.34 

.91 

1.02 



Table 14 

Demand
The Structure of Fuel 

Each Province
 

By Fuel/End-Use & Income 
Group in 


Fuel Demand)
(% of Total 


S. Sulawesi
E. Java
C. Java
C. Java
W. Java
W. Java
North (Semarang) (Jogjakarta)
Fuel/ (Bandung)
(Bogor)
Sumatra

End-Use 


Low Income
 75.0
58.8
87.0
89.6
81.2
84.0
83.5

Wood (Cooking) 
 10.00 7.8 10.0
8.8 -7 " 
Kerosene: 33.410.0
5.0 13.02.9 9.710.0(Cooking) 13.6 1.0 

(Lighting) 

100.0
100.0
100.0
100.0
100.0
100.0
100.0


Total 


Middle Income 66.0
-?.2
84.5
69.5
69.6
68.0 20.2 !.
76.9 .0 

Wood (Cooking) 19.6 18.9 
 17.05.2os16.0 26.6
1. 


5.2 16.0 10.8 11.6 
26.6 1--Kerosene: -1.6 15.5(Cooking) 10.816.017.9

(Lighting) 
 100.0
100.0
100.0
100.0
100.0
100.0
100.0

Total 


High Income
 40.4
55.6
76.9
60.1
38.5
52.0
69.3 

Wood (Cooking)
- Kerosene:510263.20044 41.420.0
3.5
23.6
51.0
25.0 24.418.211.7 19.6(Cooking) 10.5 16,3

23.0
19.0

(Lighting) 
 100.0
100.0
100.0
100.0
100.0
100.0
100.0


Total 



are almost as sharp. 	 The
 

Differences in basic energy 
demand 


are made across
 
are magnified when comparisons
differences 


for households at comparable levels of income. 
They
 

regions 

s in the relative importance 

of
 
e
nc
 

arise from underlying 	differ


demand, and from differences in 
the
 

cooking in total fuel 

ison kerosene

in the total. Dependence
of keroseneproportion 

highest in the regions of East and 
West Java, and in South
 

Among high income households, 
kerosene consumption
 

Sulawesi. 


in the Bandung region
significance

is of relatively greatest 


those in East Java
 
low income households,

of West Java. Among 

use as a lighting
 
rely most heavily on kerosene, 

where its 

tend to 


fuel
 
significant component 	

of total 

a much more 
fuel appears to be 


demand than elsewhere.
 

0.7 Electricity Use 
by theareas covered

of electricity in the 
The consumption 

of electrified villages.
by the low proportionis limitedsurvey 

and Bandung, under 30 	per
 

With the exception of 	South 
Sulawesi 


served by electricity.region are 
cent of the villages in each 

l d s the use of electricity in 
of hojuse :l reporting

The proportion 

:iny 
a very small 8 per cent, with most of 

form ,as consequently 
ofestimateA preliminaryincome group.

V',.se in the high 

shows annual levels 
in each income group

consumptionI.rctricity 
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below the 1 kilowatthour level.
 

of per capita consumption well 


among households in each 
income group is
 

Average electricity use 


We have excluded electricity 
use in
 

illustrated in Table 15. 


that
reason
consumption for the 

the earlier estimates 

of fuel 


on electricity sources
 
analysis of the collected data 


a full 


assume, however, that
 It is safe to 

be completed.
has yet to 


in the present
 

the inclusion of centralized electricity 
use 


sample will not significantly alter 
the relative composition
 

because of its infrequency
 

of fuel demand among income 
groups, 


of use.
 

D.8 	 Prices
 
was reported
biomass fuels 


The purchase of wood 
and other 


surveyed.
the households 

in only a very small 

proportion of all 


of these
 
evidence of large-scale 

commercialization 

is little
There 


some households reported 
the availability of wood
 

fuels, although 


large, wood remains a 
non-commercial
 

By and
in local markets. 


fuel collected by family members who 
spend, on average, less
 

fields
 

than four hours each 
week gathering wood 

from gardens, 


reported by households
as
prices,

and nearby forested 

areas. 


in each locationconducted
by informal interviews 

(and confirmed 

by the survey teams), 
show considerable variation 	

between regions
 

in Table 16.
 as shown 

even within a given 

region,

and 
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Table 15 

Electricity Use - Preliminary Estimates 

Annual 

Income 
Group 

No. of Electrified 
Households 
Villages 

% of All 
Households 

Per Capita 
Consumption 

KWH BOE 

Low 
6 2 .18 .11 

Middle 12 4 .21 .13 

.82 .50 

High 

All Households 

47 

65 8 .42 .26 



Table 16 

Fuel PricesAverage 
(Rp per Kg)
 

Kerosene
Wod
gion 


57.8
13.6
N. Sumatra 


56.96.1W. Java 62.315.7 
48.216.3 

57.218.0C. Java 76.1-
59.415.2 

56.8
11.7
C. Java 
 59.710.7 
69.910.0 
53.59.5 

64.313.1 53.3
E. Java 

69.232.3S. Sulawesi 75.916.0 
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sales of firewood for 	domestic use are not

While commercial 


of wood in rural industries was reported
widely reported, the 	use 


as tile and brickmaking, food processing (such
in such industries 

The highest prices reported
among the regions surveyed. 


as the manufacture of cassava chips) and eating establishments. 

Prices reported in these instances were in a narrower range of 

Rps. 6 to 12 per kilogram. 

Kerosene prices as shown in Table 16 also showed variation 

were 

Java (Rp 76 per liter). To examine
in South Sulawesi and 	 Central 

the relative importance of income and price in explaining
 

observed variations in kerosene consumption 
a preliminary econo

and price elasticities, was attempted
metric estimation of 	income 

incomelevels of kerosene consumption, householdusing observed 

and prices paid as reported by each household. The estimated 

elasticity of 0.40 and price elasticity of 0.45 did not
 income 


This suggests that there is
 appear to be statistically reliable. 


considerable room for improvement in the 
reliability of the
 

both income and prices.
collected information 	on 


D.9 A Comparison of 	Results 

have estimated from
consumption we
The annual levels of 	fuel 


based on an approximate adjustment
the survey data have 	been 


the year.
to account for seasonal variations during

procedure 
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are to raise slightly the 
effects of seasonal variationsThe 

levels of both daily kerosene and wood consumption.
 

of kerosene consumption (on average,

The estimated level 


variations) is 
for all households after adjustment for seasonal 

This is considerably lower 
0.9 	liters per household per day. 


households in West Java,
 than the recent survey of rural 


estimated
 
carried out by C.S.I.S., where average consumption was 


However, it is considerably
1.7 liters per household 
(14
 

at .
 

levels of kerosene consumption indicated 
by national
 

closer to 


a
household consumption at 

sales data which puts average rural 


level of 0.6-0.7 liters per household each day. They alsoare 

close to the estimates of Weatherly and Arnold. Aggregating 

their results for Central Java, South Sulawesi and East Lombok, 

for purposes of comparison, kerosene consumpand adjusting them 

liters
 
tion (in all 164 households studied by them) averaged .81 


per household each day.
 

to 
There is a noticeable tendency for 

most survey re- u l t s 

kerosene consumption considerably 
higher 

suggest levels of rural 


on kerosene sales.
 be derived from the data 
than those that can 


with other recent studies,
share this featureThe present results 

However, for purposes of
 
though the difference is narrower. 


this differenceto examine 
national energy planning,'it is 	 advisable 
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regional
often biased by their 

Survey results are 


more closely. 


The present study is no exception. 
Even among the
 

composition. 


have made note of
 
regions covered by the present study we 


significant regional variations 
in both the composition of fuel
 

demand and the absoluta levels 
of consumption recorded for 

each
 

from a
 
In the case of kerosene, for example, the 

range was 

fuel. 


liters per household
 to a high of 1.1 
low of 0.51 (Central Java) 


There were significant intraregional
 - Bogor).(West Java 


well. (In contiguous sub
in consumption levels as 


differences 


regions of West Java, the difference in kerosene 
consumption was
 

Only larger and more regionally 
representative
 

60 per cent.) 


to arrive at more
regional variations

samples can clarify these 


of fuel demand.
national estimatesreliable 

The recent surveys by CSIS and by Weatherly and Arnold
 

show the presence of wide variation 
in wood consumption levels
 

This is confirmed also by the 
results of the present
 

as well. 


The range of average household 
wood consumption in
 

survey. 


from a low of approximately 
4 kilograms
 

the present study was 


a high of 8.5 kilograms (Central Java) per day.
 
(East Java) to 


to 41.1
 
in West Java found a range 

of 0.1 

The C.S.I.S. study 

kilograms per day. Weatherly and Arnold reported for the regions
 

ofand East Lombok a range
South Sulawesiof Central Java, 
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per day. The average level
kilogramsapproximately 6.3 to 8.2 

households in
 
of wood consumption in the present 

study (for all 


regions), 4.6 kilograms per day, is lower than these 
previous
 

all 


and 7 kilograms per day respectively, for the
 
surveys C8.1 

The meaning of these 
C.S.I.S. 	and Weatherly/Arnold 

studies). 


with the estimates of kerosene consumption,
 
different estimates, as 


clarified only through more 
regionally comprehensive surveys.
 

can be 


of wood consumption depend 
upon the
 

Variations in the level 


on income differences,
as a cooking fuel,of kerosenepenetration 


of which vary

and biomass fuels, all 

and the availability of wood 


region.
widely from region to 


D.1O Policy Issues
 

We have referred to the variability 
and uncertainties
 

On the other hand,
 
attached to the results of 

these surveys. 


date and
 
the EPFD survey employed the 

broadest national sample to 


key policy issues.
highlighted several 


The importance of kerosene
 Kerosene Consumption:
(a) 


is represented
 
consumptiol' in total energy 

for domestic uses 


The
 
by its dominance in per 	capita basic energy 

demand. 


significance of kerosene is 
confirmed not only by its importance
 

in basic energy demand, but also by the very high proportion of
 

their energy needs:
for some portion of 

use the fuelhouseholds who 
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the sample. In fact,
99 per cent of all households in present 

kerosene
22 per cent of all sampled households used 

a substantial 

as the exclusive domestic fuel.
 

growth of kerosene 
Policy alternatives to reduce the rapid 

demand must be formulated in the face of such 
concrete evidence 

Since it is apparent that in the 
regions 

of its widespread use. 


both
 
covered by the present s.pvey, kerosene 

is important to 


reduce the
 
lighting and cooking requirements, attempts to 


use require consideration of specific
growth rate of its 


to its use as
few alternatives
There are
technological options. 


decentralized

in the absence of centralized or 
a lighting fuel, 

its displace-As a cooking fuel,
rural electrification strategies. 

ment implies a substantial increase in the demand for biomass
 

the survey did not indicate the presence of severe 
fuels. While 

(primarily wood), the scattered evidence
 
shortages of biomass fuels 


for severe
 
suggests that there is the potential
from other studies 


areas of
 resource base of many rural 
degradation in the biomass 


policy design, the implication is that any
 
the country. For 


areas should be
of kerosene in rural
limit the use
efforts to 


effort to examine ways of guaranteeing
 
a substantial
accompanied by 


of biomass resources.
the efficient use 


on
 
(b) The Relative Importance of Income and Price 
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Fuel Consumption: The preliminary statistical analysis of survey
 

data does not provide a firm quantitative basis for estimating
 

the relative importance of income and price influences on the
 

consumption patterns observed in the studied regions. There is
 

evidence enough, however, to conclude that the composition of fuel
 

demand changes with rising income in favor of kerosene, and that
 

kerosene demand is responsive to price changes. In addition, the
 

information collected provides an adequate view of the degree of
 

reliVance on kerosene among low, middle and high income families.
 

From this information, it is possible to conclude that kerosene
 

is clearly of much more significance in high income than in
 

low income households. (See Tables 9 and 10.) On the other hznd,
 

almost all (99 per cent) low income households reported the use of
 

In the case of the average
kerosene for some part of total needs. 


low income household, almost half of its useful energy requirements
 

are provided by kerosene. It is quite likely that changes in its
 

availability, either as a result of concerted policy efforts or of'
 

temporary disruptions in supply, will have a very broad impact
 

on all segments of the rural population in the regions covered by
 

the current survey.
 

E. 	Conclusions and Recommendations
 

The present pilot survey was successful in establishing'a
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workable methodology for expanded effort in the future. The
 

survey instrument and field procedures, with some refinement,
 

for a more regionally comprehensive survey.
can provide the basis 


Most important of all, all those who participated in the pilot
 

study gained valuable experience in all the phases of carrying
 

out energy surveys in rural Indonesia -- from preparation and
 

training, to pre-testing, implementation and analysis. For future
 

on
efforts, some recommendations in the form of guidelines based 


the present experience are relevant:
 

E.1 Design of a National Survey
 

The sample for a national survey must, quite obviously, be
 

energy
considerably enlarged if estimates of national rural 


c).. 'ion are to be made. The most cost-effective approach
 

to sampling will be to use an existing sample frame such as
 

For an expandedexists for the SUSENAS survey, carried out by BPS. 

sample design so that the 
survey, adequate time must be devoted to 


and income-related
sample can be t,-uly representative 	of regional 


The sample should be determined
variations in energy consumption. 


the basis of the accuracy required of the results. The SUSENAS
 on 


utilized as a basis for the sample

sample frame for 1980, which was 


housein the present survey, contains approximately 35,000 rural 


holds. A ten per cent sample of these households should be a minimum 
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sample size.
 

While the pilot study contributed to the design of a working
 

methodology and survey instrument, extension of the survey to the
 

adequate pre-testing than was
national level will require more 


Given the large
possible within the scope of the present survey. 


scope for regional variations, the questionnaire design of the
 

present survey should be pre-tested in locations other than 
those
 

This effort will require a minimum
chosen for the pilot study. 


on the areas which
effort of six months. The pre-test should focus 


were not well represented in the pilot study.
 

survey should involve
An additional component of any national 


field work. Rural energy
a more extended time period for 


fuels are a

consumption is innately seasonal when traditional 


large fraction of total fuel consumption. Patterns of fuel
 

vary with the seasonal availability of fuels

consumpl.ion tend to 


and with the allocation of labor within the households to seasonal
 

period of data collection
tasks. It is advisable to extend the 


to a full year covering all seasons. An extended survey should
 

visits per household, depending upon
therefore include several 


climatic and agricultural seasons in each region.
 

present
To improve the reliability of the 	results from the 


a full-scale national survey,

sample, an intermediate step, .prior to 
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might involve a resurvey of a sub-set of households drawn from
 

be visited in the Immedia'te year ahead.
the present sample to 


improved
If properly timed, these visits might result in an 


variations, and to reduce
evaluation of the importance of seasonal 


the uncertainty of the present estimates of annual consumption
 

levels. Such a step is highly recommended because it will require
 

It is a practical step, as well, from
minimal financial support. 


There is clear interest among
the standpoint of implementation. 


the university teams for follow-up activities, and there is now
 

the necessary experience accumulated during the 1980 survey effort
 

to allow adequate supervision and management by DJK.
 

E.2 Training
 

The week-long training workshop held in Jakarta in August 1980
 

was an important contributing factor to the success of the pilot
 

study. It is advisable in the future, however, to separate the
 

training 	of supervisory staff from the training of interviewers.
 

a field
In general, a distinction is required during training for 


survey between transferring an understanding of the methodology
 

and purposes of a survey, and an understanding of field procedures
 

A two-phase training in which supervisors are first
and techniques. 


thoroughly grounded in the purposes of the survey and then are
 

required to participate in th2 training of interview and measurement
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teams is essential. For an expanded national survey, the time
 

require considerably more
allotted to the training tasks will 


than one week. As far as possible, the survey should utilize
 

the services of professional interviewers rather than student
 

help.
 

E.3 	 Supervision
 

The present survey was successful in part due to the
 

enthusiasm of all participants, including the supervisory staff.
 

An expanded national effort will require, however, a greater
 

attention to the details of day-to-day management. For this
 

purpose, it is recommended that the DJK undertake a review of
 

the management experience gained during the pilot study. In
 

to
particular, it will be important during a national survey 


establish lines of communication between those in the field and all
 

a valuable exchange of field
supervisory levels. This allows for 


experience during implementation, and for corrective action when
 

course of field work,
unanticipated difficulties arise during the 


as is inevitably the case.
 

E.3 	 Data Analysis
 

The pilot study attempted to decentralize the tasks of
 

reducing data processing costs. Given the
analysis with a view to 


difficulties experienced in this effort, it is recommended that
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data
 
it -. future, regardless of the scale of the survey, 

all

:he 


Wysis tasks from questionnaire screenitg, 
data reduction,
 

' 
a centrali7-" -esponsibility.
keypunching and analysis be 
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63 per 
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to the rural areas.
sold was 


(1.) Ibid. 

are of the well-known forms 
(12) 	 These equations 

Log Bi + b2 .Log B2..... + bn'Log Bn .
Log E = a + b1 

where E may be household or per 
cap4.ta demand for a single 

group of fuels, and the explanatory 
variables
 

fuel, or a 
are seecced from a number of 

relevant economic 

income or prices, or data on or 
ue, 

physical data (such as 

The estimated parameters 	bl'.'"bn 

regional resources). 

are interpreted- as partial elasticities with 

respect to
 

They show the relative responsive
these selected variables. 

ness of energy demand to 	changes 

in these 'independent'
 

variables.
 

Using the collected data on 
household income and kero

sene prices, the following 
equation was estimated for
 

259 households from the 
group of 783 surveyed households
 

(selected on the basis of households 
using kerosene, and
 

reporting price data)&
 

Log E - 3.55 + 0.395.Log B1 - 0.454.Log B2 
(0.224)
(1.61) (0.097) 


and price (02)
' of income (B1)
The combined influen 

explained only 7.5 per cent 

of the observed variations 

in household kerosene consumption 
(R2 = 7.5) and the 

possible error in the estimated 
elasticities (shown
 

by the standard deviations 
of the estimated constants
 

judged to be statistically too
 was
in parentheses) 

high to allow confident predictions 

of household kero

sene consumption on the basis 
of this equation.
 

A number of possible explanations 
arise for the absence
 

Most
 
of a stronger relationship 

than estimated above. 


likely among these is that 
household income data collec

ted are unreliable.
 

A Framework
 
Ramesh Bhatia, "Energy Survey Methodologiess
(13) 

for Measuring Non-conventional 

Energy Sources in Develo-

Energy Statistics,onESCAP/IEA Workshopping Countries," 

Karachi, October, 1980
 



"HOUSEHOLD QUESTIONNAIRE"
 

SCHEDULE I
 



VILLA3E ENERGY SURVEY
 

Location: Census Block: 

DLstrict 

Province 

Sample number 

Nee of head of family 

Date of vists first date 

second date
 

third date 

DIRECTORATE GENERAL OF POWER
 

MINISTRY OF MINING AND ENERGY
 



Sample Number : Village 

Census block : District 

TML CODE 

CODE NUMBERTYPE OF FUEL NAME 

0.1
Firewood 1. (local name) 

2. (local name) 0.2 

3. (local name) 0.3
 

4. (local me) 0.4 

5. twigs, branches, etc. - indicate type 0.5 

6. wood shaf4b, sawdust 1.6 

1.1
Bamboo 

Coconut 1. Coconut fronds 2.1 

2.22. Coconut fibres 

2.33. Coconut husks 

2.44. Coconut palm trunas 

2.55. Others, (indicate) 

Agicultural vastes 1. hulls 3.1
 

2. paddy stalka 3.2 

3. other agricultural wastes (specify: such 
as cane pulp, peanut shells, corn or tapioca 
stalks, etc.) 

3.3
a. 
3.4
b. 


3.5
c. 

4.1
Charcoal 1. bought 

,'22. self-made 
5 

Liquid fuels 1. kerosene 6.1
 

6.22. gasoline 

6.33. diesel oil 

6.44. alcohol 

6.5
5. coconut oil 


LPG 7 

Electlricity 1. PIN 8.1
 

8.2
2. Self-generated 


8.3
3. Other, non-PLN 




FUEL CODE
 
Page 2
 

TYPE OF FUEL NAME 
 CODE NUMBER
 

Battery 1. Dry Cells 
9.1
 

2. Wet Ceils 
9.2 

Other 
 Specify 1. 
10.1 

2. 

10.2
 

3. 

10.3
 



Sample Number: 

Census Block: DETAILS ON COLLECTION - PRIMARY SOURCE, FIRST LOCATION 
(Only for collected fuels) 

Village: 

District; 

Fuel Code * 

Fuel Name 

Source Code CA 

Distance to Collection 
point (meters) *** 

Time of travel to collection 
point (uinutes) **** 

Amount collected in one 
trip (local units) 

Amount collected in 
trip (kg) 

one 

Time required to collect 
above amount (minutes) 

Frequency of collection 
per week 

Time between collections 
(days) 

Who usually collects * 

S2 

C) 

•) 
Fuel Code bakar (see fuel code) 
Source Code: 1 - ;urchased and carried hoe by household/purchaser 

- purchased and delivered to household 

CCC) 

**) 

Usual distance 
Person Collecting: 1. adult male 

2. adult female 
3 - collected in the yard 3. children (under 12)

4 - collected in garden AC*C) If transport is used, indicate what type (bicycle, cart, etc.)
 
5 - collected in fields
 
6 - collected in forest
 
7 , collected elsevhere
 



Village:
Sample Number: 


- PRIMARY SOURCE, SECOND LOCATION District:
DETAILS ON COLLECTION
Census Block: 


(Only for collected fuels)
 

Fuel Code * 

Fuel Name 

_ _ Code__ __rce 

Distance to Collection
 
point (meters) ***
 

Time of travel to collection
 
point (minutes) * **
 

Amount collected in one 
trip (local units)
 

Amount collected in one
 
trip (kg)
 

Time required to collect
 
above amount (minutes)
 

Frequency of collection
 
per week
 

Time between collections
 
(days)
 

Who usually collects L 

) Fuel Code bakar (see fuel code) C**) Usual distance
 

CC) Source Code: 1 - purchased and carried home by household/purchaser CtCC) Person Collecting: 1. adult male
 

2 - purchased and delivered to household 2. adult female 

3 - collected in the yard 3. children (under 12) 

4 - collected in garden *CC) If transport is used, indicate what type (bicycle, cart, etc.) 

5 - collected In fields 

6 - collected in forest 
7 - collected elsewhere
 



Village:Sample Number: 

SOURCE, FIRST LOCATION District:DETAILS ON COLLECTION - SECONDARYCensus 3lock: 
(Only for collected fuels)
 

Fuel Code * 

Fuel Name 

Source Co.e * 

Distance o Collection
 
point (meters) **
 

Time of travel to collection 
point (minutes) **** 

Amount collected in one
 
trip (local units) 

Amount collected in one 
trip (kg)
 

Time required to collect
 
above amount (minutes)
 

Frequency of collection 

per week 

Time betveen collections 
(days)
 

Who usually collects ()U 

A) Fuel Code bakr (see fuel code) )Usual distance 

• ) Source Code: 1 
2 
3 

=purchased and carried home by household/purchaser 
= purchased and delivered to household 
- collected in the yard 

*****) Person Collecting: 1. adult male 
L- _-dult female 
3. children (under 12) 

4 
5 

- collected in garden 
- collected in fields 

****) If transport is used, indicate what type (bicycle. cart, etc.) 

6  collected in forest 
7  collected elsevhere 



Sample Number: Village:
 

Census Block: DETAILS ON COLLECTION - SECONDARY SUICE. SECOND LOCATION District: 

(only for collected fuels)
 

Fuel Code I 
Fuel Name 

Source Code * 

Distance to Collection
 

point (meters) **
 

Tire of travel to collection 
point (minutes) *
 

Amount collected in one
 

trip (local units) 

Amount collected in one
 
trip (kg)
 

Time required to collect
 
above amount (minutes) 

Frequency of collection
 
per week
 

Time between collections
 
(days) 

Who usually collects ...
 

C) Fuel Code bakar (see fuel code) **) Usual distance
 
CC) S'srce Code: I -purchased and carried hoe by household/purchaser CCCCC) Person Collecting: 1. adult male
 

2 - purchased and delivered to Iousehold 2. adult female
 
3 -collected In the yard 3. children (under 12)
 
4 = collected in garden C*CC) If transport is used, indicate vhat type (bicycle, cart, etc.)
 
5 - collected in fields
 
6 - collected In forest
 
7 - collected elsewhere 



Sample Number: 

Census Block: 

UNITS OF MEASURDMWT AND PRICES Village: 

District: 

No.: No.: No.: No.: No.: No.: No.: No.: No.: No.: No.: No.. 

Name Name Name Name Name Name Name Name Name Name Name Name 

SOLID FUEL 

- local unit of measurement 

- equivalent in Kg. 

- purchase price/local unit of 
measurement 

- highest prices/local unit of 
measurement 

- highest prices/local unit of 
meamsrurement 

LIQUID FUEL 

- local unit of measurement 

- equivalent in liter 

- purchase price/local unit of 
measurement 

- highest priceslocal unit of 
measurement 

- highest prices/local unit of 

measurement 



Sample Number: 

Census Block: 

PATTERN OF CONSUMPTION OF FUEL Village: 

District: 

Code and 

name of 

fuel 

Present Use 

Month of use (cirele months in rows correspond-

ing to level of use in one year. 

Consumption of fueli 

In months of high-
est use. Insert 
also the unit of 
measurement used 
e.g., loadc/sonths, 
liters/month. etc. 

Past Use (Ho): 

higher - 2 
&beginI 
oe -

lowr - 0 

Past Use 

Now maay years ago 

did high use 
egin 

b 

Reason for svtch-

Ing from this fuel. 

hige,(*) 

medium 

1 213415678910 1112 

1126 89 011 26 17i1 

i il[7 
[-1 

1 ] 

none 1 1 2 1314 1 16 7 8 19 1 0 1111 12 

highest l1 1314 6 7 1 19I 0 II 

__ _ medium 1 1213 14 516) 89011 2 

none 1 I e 5, 6 7 S 9 110 111 12 

______ 

highex 

medium 

112134 

12 1 

7 816 1 I9 101 i112 

6 17 18 19 110 i1112 l l 
none i 2 1 5 1612 3845 6101l 122 

For notes see page 12 



Sample 

Census 

Number: 

Block: 

PATrERN or comsuspnon oF rj Village: 

District: 

Code 

name 

fuel 

and 

of 

Present Use 

Month of use (circle months in rows 

InRto level of use in one year. 

correspond- Consumption of fueli 

in months of high-

est use. Insert 
also the unit of 
weaurement used -
e.g.. loads/months, 
liters/month. etc. 

Past Use (H): 

higher - 2 
lwer -
lover - 0 

Past Use 

Row *tny years ago 

did high use 

dir 

begin) 

Reason for switch-

Ing frm this fuel. 

highest(0) 

modion 

1 1213 14151617 8910 

11213 16671t9 

1112 

10 1112Iil 

E = [ i~ll 
none 11 12 1314 5 6 7 ! 9 11 K 

highest 1" I1 71 1 12 

Medium 1 2 - 4 5 6 7 8 9 11o i 112 " " i 1' 1 'I1 7 I ' i 'I-l I 
none [IlT 3 1415167is89101112 

[ ] 
DI 

highest 12314 567i, 910 11iiiihouz,, 112 
medium 
,~on 

3 
123,i. 

5 6 7 8 910111-12 
567691! i l0111?ll 

ror notesm. Pon* 12 



Samlple 
Census 

Number: 
Block: PATTERx OF COMW.HI.ION OF Fum Village: 

node 

n f 

ofd 

F c~odee =wPr sentUseDistrict: 

Uus-e'
onth Of use (circle ammehs in rOy8 correnpcw'd-

f u lIg tie euf s n o e y a .t 

highest M, 
D 

nedlm M a E! j l 2 

COSMto Of fulPa 

mont hs o f h igh-
est Use. Insert 
also the unit of 
neasurement used -
e-.. •loads/months,
liters/mont, etc. 

s 

ao 
higher - 2 
amie -I 

lower - 0 

Pasten 

W O mny year s 
did high use 
begin? 

E] 

ago Re as on fo r sw t h 
Ing from thi ul 
* . 

highest 

meditum 

1 

1 

2" 

56789.01 

0 1 2 
- - - -- - -  - -

highest 1 2 92 21 

F 0r note s 



C) "ligbest" in this case means: months when thiBs Particular fuel wms used more 

CA) "Past" means three 

frequently than the average. 
or more years ago. 

J*) "Reasons for switching fuel: I - family is larger 
2 - family is smaller 
3 - harder to find 
4 " easier to find 
5 - other fuel used
6 - other household devices earlier 
7 - more devices now
8 - higher income nov 
9 - lower Income nov10 - shorter collection time nov11 - longer collection time nov 

12 - other 



CensusS8-ple Nuaber:Block: 
Fill in wi/th 0 if not used. I If used 

VlaeIDistrict:
 

_SFuel Code Cooking Village:for Cooking forSaeFamily gtnroig 
roig Space Beating Dry/ig 

Other 

Notes "others" includes _ use In household industry such as workshop
firing bricks or tiles and other similar activities 



Sample Number: REASONS FOR USING FUELS Village: 
Census Block: Indicate reasons using numbers corresponding to code below District: 

U Cooking Lighting Ironing Space Heating Drying Other 

No. Code NHMO 

*) Reasons: 1 - easy to use and relatively cheap
2 - fuel has preferred characteristics 
3 = can be used in relatively cheap devices 
4 - no other alternative 
5 - used to it 
6 - easier to use 



Sample Number: Village: 

Census Block: Districet: 

DEVICE CODE FOR AEL USE 

Type of Use Fuel 

Cooking - Wood and agriculture 
Vests 

Charcoal 

Kerosene 

Alcohol 

Gasoline 

LPG 

Electricity 

Other 

Lighting Kerosene 

doconut oil 

Alcohol 

Electricity 

LPG 

Wax 

Others 

Name of Devices Code Nmber 

Hearth, earecify:
 
1 001
 

2 002
 

3 003
 

Charcoal Stove 004
 

Karosem Stove 005 
Kerome Pump Stove 006
 

Alcohol Stove 007
 

Stove 008
 

store 009 

Electric Stave 010
 

Specify: 1 011 
2 012 

Petromax 101
 
Lamp 102
 
Small lamp 103
 
torch 104
 

Coconut Oil Lamp 105
 

Alcohol Lamp 106
 

Incandescent Bulbs 107
 
Noon/fluorescent 108
 
Battery Lights 109
 

LG Imp 110 

Candles 111 

Ironing 201 
Radio 202 
?an 203 
Car 204 
Motorcycle 205 
Tractor 206 
Generator 207 
Electric motor 208
 
Pump 209
 
Other device*
 

1 210
 
2 211
 



Sample 	Number: FUEL-CONStMINC DEVICES Village: 

Censur 	 Block: District: 

Device 	Code
 

Principal Fuel Used 

Number 	 of these devices 
used 

Capacity 

lenght of use each day,
 
(minutes; distance, in
 
case of vehicles)
 

Rate of fuel use 
(liters/km; liters/day) 

Other fuels used with 
this device, if any
 

Note: 	 If tvo or more devices of different capacities exist, use separate column; e.g.., if three sizes of light bulbs 
(40W. 60W, 1Oa) use 3 columns, one for each size. 



Sample 	Number: FUEL-CONSUHING DEVICES Village: 

Census 	 Block: District: 

Device 	Code
 

Principal Fuel Used 

Number of theme devices 
used 

Capacity
 

lenght of use each day,
 
(minutes; distance. in
 
case of vehicles)
 

Rate roffuel use
 
(liters/ku; liters/day)
 

Other fuels used with 
this device, If any
 

Note: 	 If two or more devices of different capacities exist, us- separate column; e.g., If three sizes of-light bulbs 
(40W, 60W, lOOa) use 3 columns, one for each size. 



Saple Number: 

Census Block: 

FUEL-COHSUNING DEVICES Village: 

District: 

Device Code 

Principal Fuel Used 

Number of these devices 
used 

Capacity 

lenht of use each day, 
(minutes; distance, in 
case of vehicles) 

Rate of fuel use 
(liters/k; liters/day) 

Other fuels used wlth 
this device, if any 

Note: If tvo or more devices of different capacities exist, 
(40W, 60W, 1Oa) use 3 columns, one for each size. 

use sepsrate column; e.g., if three sizes of-light bulbs 



Sample Number: Village: 

Census Block: District: 

ELECTRICITY AND BATTERY USE 

Electricity Source PL? Local 
Utiity 

Self 
Generated 

Wet Cell Dry Cell 

Source used 

Year 
Use 

of since first 

Fuel node for 
self-generated 
electricity 

Quantity of 
each week 

fuel used 

Number of occupants in 
all houses, if 
electricity is 
connected and used by 
more than this house
hold alone 

Note: *) vrite 

and 

M 
Elf 

if used 

if not 

\A 



No. Sample 

Census Block : 

Use 

0o 

AjS 

Village
 
KEROSENE CONSUMPTION HEASUEMrI 

District
 

FPRS VISIT - Date:
 

SECOND VISIT - Date: 

Observation Result of Observation 

Amount measured prior to use (in first
 
visit)
 

Amount after use (measured in 2nd visit)
 

Additions to fuel (units added in liters)
 

Total use
 

How many times was a meal prepared between 
the two visits? 

Total cumber of persons eating eac time 1 2 13 I4.16 7 I 

Measurement before use CfIrst visit) 

Amount after use (second visit) 

Amounts added in litres 

T l
Total use 



2 

No. Sample t Village 

Census Block : District 

jIEaSMUE2I OF SOLD FUEL CONSUMPTIONI 

FUEL CODE 

Amount 

Measurment 

Visit Activity 

Total mount of available fuel 

Total mount of fue set aside for use 

Total amount of fuel set aside for use 

Amount added to solid fuels met aside 

.mount taken from fuel set aside 

Total mount of fuel set aside for use 

Amount added to solid fuels set aside 

3 

Amount taken from fuel set aside 

Visit Nuber of people eating at each meal 

2 

Number of people eating 

at each meal 
1 2 3 4 5 6 7 8 

3 
Number of people eating 
at each meal 

2 



"HOUSEHOLD QUESTIONNAIAE" 

IDENrITICATION AND ECONOMIC CHARACTERISTICS 
OF HOUSEHOLDS 

SCHEDULE iI 



IDENTIFICATION 	 AND ECONOMIC CHARACTERISTICS 

OF ROUSEHOLDS 

No. Saple t 

Cansus Block 

Village 

Subdistrict
 

District
 

Province 

Interviewer 

1. Name
 

2. Univarsity/Inhittute/Organization
 

DIRECTORATE GENERAL OF POWER 

MINISTRY OF MINING AND ENERGY 



No. Sample : Village : 

Census Block District •
 

Identity of the Respondent
 

3Visit 1 2 

Name
 

Age 

Sex 

Education
 

Status within
 

the family * 

Social status * 

Fill In: * 1. Illiterate ** 1. Heac of family 

2. PBH Type of School 2. Wife/Husband 

3. SD " " t 3. Child 

4. SLP " " " 4. Brother 

5. SLTA " " 5. Relative 

6. SM " " 6. Other person in dwelling 

7. SarJana College
 

*k* 1. Non government employee 

2. Government employee
 



No. Sample : LIST OF PERSONS STAYING IN HOUSEHOLD District: 

Census Block: AND IIgCOE FRON .MLDYM Village 

No. N a a e 

Status in 

Household Sex Age Education Work 

Income 

in money 

monthly 
no. 
per 

of montus 
year 

_ 

in kind 

per year
(physical 
-mits) 

Notes 
(name of 

in kind 

payment) 

1 Does not work1.I. Head of family 1 Illiterate1. 
2. PBH Type of school 2. Skilled worker (carpenter, chauffeur, repairman, etc.)

2. Wife/Husband 
3. SD - of ,, 3. Agricultural labor

3. Child 
4. Government employee4. SLTP " n ,4. Relative 
5. Work in private office

5. Other person in dwelling 5. SLTA " " 
C. College 6. Factory labor 

7. Professional (lawyer, doctor, engineer, accountant etc.) 

8. Other (specify) 



No. Sample Village 

Census Block District 

INCOMEFROM SELF-DIPLOYIHNT 

(in the last year) 

Yearly income 

In money In kind In Rupiah 

Agriculture 

- Rice 
- Second crop
 
- other (most 

Important) 

Livestock products
 

- Beef
 
- Milk
 
- RUs
 
- Live animals
 

Fish
 

Household industry 

Trade 

- store, 
- restaurant 
- market 

Rental of land 

Rental of things 

- house
 
- car
 
- animals
 
- money credit
 
- other
 

Other 

- barber
 
- wood peddler
 
- repairman 



No. Sample 

Census Block : 

Village 

District 

t 

: 

AGRICULTURAL PRODUCE IN OEl TEAR 

Name of Crop 
Total Yearly Production in 

local units 
Amount Sold In 

lo.al units 

Equivalent of local units in Kg 

1. 

2. 

3. 



No. Sample Village 

Census Block District : 

USE OF AGRICULTURAL LAND 

operated 

Area Amount owned (in Amount rented-out Amount of land Unused land Total.mount of cul-

Type of local units) (in local units) rented-in, or share- (In local units) tlvated land (In 

farming cropped (in local local units) 

(Dy Irrization) __units) 

Irrigated 

Acreage 

Unirrigated 

Acreage 

2

E q in Muivalent of local unts 



I
No. Sample 2 Viliase 

DistrictCenums Block z 

Type 

ONUSHIP OF LIVSTOCK 

Nuaber Owned ubcr OvMed 

Hale Fmale 

Number Owned 

Young 

Water Buffalo 

Cove 

Pigs 

Goats, sheep 

Other, specify 

1. _ 

2. 



Village :No. Sample : 


District :
Census Block t 

HOUSING 

Ownership of house 

a. owned
 

b. rented cent per year 

c * flogild
 

Observations
 

Flor--

Corru-
Wall. 1 o8 ated Shinale Thateh Other tarth Wood Baboo Plaster other 

oof &ad Roof 

masonry 

Half masonry oFloor 

Board/wood 

Woven bamboo 

Dimensions of house 

a. less than 20 a 

b. 21 - 40a 2u2 l 
c. 41 - 60 n

2
 

2
 
d. 60 - 80 a 


2
 
a. greater than 80 a 



No. Sample ; Vil1ae t 

Census Block : District 

PERSONS EATING IN ROUSEiOLD 

now many times eating In one weak 
No. N am 

eals cooked Neals cooked 
In household outside household 

A UmjLLuMbU 

1
 

2
 

3
 

4
 

5
 

6
 

7
 

8
 

9
 

10
 

3 Non mily Members 

1
 

2
 

3
 

4
 

5
 



No. Sample 

Census Black 

NOTORIZED TRANSPORT NEEDS 

HOUSEHOLD MEMBERS 

VIllage 

District 

A 

Node of transport 

Number of persons who 
traveled last week & 

BuS Minibus Van Motorcycle 

3 Distance traveled for tripe 

C 

C If the number of persons traveling make more than one trip, include total trip in the calculator. 

CC Number of household ambers 



FACE SHEET 

HOUSEHOLD AND FAMILY INCOME DATA 

I Family data 

Size of family 

Number of childran 

Average age 

Family membere who eat at home (weakly) 

Non family ambers who eat at home (weekly) 

Total average number of meal. per person 

Average number of eals per person eaton outside home 

II Yearly family Income (ruplah) 

Total money wage income 

Total money non-wage income 

Total other Income In money 

Total non money income 

TOTAL YEAiLY INCOHE 

III Use of agricultural land 

Size of cultivated area 

and income in 1 year 

J Hctares 

Name of crop Sixe of planting 
this year (hectares) 

Lan-l of production 
in 1 year (rupiah) 

Level of productio 
sold in I year 

1. 

2. 

3. 



IV. Livestock 

Number of water buffaloes 

Number of cove 

Number of pigs 

Number of goats 

Other 

V. Size of floorspse (square meters) 

VI. Transport 

Most frequent (from page 

Average total kilometers 

frequently used. 

9, line A) 

each person each week - most 

1. 

11. 

FUEL DATA 

Number of type of 

Collected fuels 

Purchased fuels 

Collected fuel. 

fuel used 

Source Hain Source Sacodary Source 
(Enter fuel code) let location 2nd location let location 2id locai n 

2. 

3. 

5. 



Amount and labor tines required 

Weekly labor time and aou-t collected 
for each type of labor from all 
locations 

Total mount collected 
veskly (all sources 

Fuel Code and places) In KS. Mae . . F Le Childrni 

1. 

2. 

3. 

4.
 

5
 

6. 

I1. Price of fuels (purchased) 

Fuel Code 

1. 

2

3. 

4. 

5. 

IV. Electric supply 

Sel~f-gaerat ed 

Fuels used 

Amount of fuel/wook
 

Number of persons using such ganaraor together
 



V. Heasurement of fuel use 

Cooking (solid fuel) 

Fuel Code 

Amount used betveen visit&1 & 2 

Amount of meultimes between visits 1 & 2 

Amount used between visits 2 & 3 

Amount of meal times between visits 2 & 3 

Cookini kerosene 

Fuel Code 

Amount used between visits 1 & 2 

Amount of mealtmms between visits 1 & 2 

Amount used between visits 2 & 3 

Amount of meal times between visits 2 & 3 

Lighting (kerosene) 

Fuel Code 

Amount used between visits 1 & 2 

Amount used between visits 2 & 3 



VI. Devices 

Device Fuel Other Amount of 
Code Code Fuel Used Devices Owned Heasure/Capacity 

Rte of use Unit of Amount work/ Unit of 
of fuel Measurment week Hesurment 



VII. Seasonal Variations & Fuel Use (see fuels-puchased and collected) 

Full Code from End Use Reasons for using this fuel 
Page 1 From Page 12 from p. 11 

For each end use, indlcate (2 boxes, 
on g 



Number of years Reason@ for change, if any. 
Fuel Code since first use Enter up to 6 reasons 

!,>
 



UNIVRSITY TEAM - SU)OARY DATA SHEETS 



To be f illed in by University Tom 

Simary (for all 100 households) 

1. 	 Income/Land Ownership 

Total households divided Into three groups by income 

and 	 three clases of land ownership
 

Land ounership
 

Rupiah Income 0 - 1,99 Hectares 1 to 2 hectares 2 hectares or more 

0 - 149,999
 

150,000 
249,999
 

250.000 and
 
higher
 

(Total of households in all boxes should be 100) 

II. 	Consumption pattern of fuel in physical units 

(1) * Average conaumption of firewood per household 
and per capita and standard deviation. 

(2) 	 Average consumption of waste par household and per
 
capita and standard deviation
 

(3) ** Average consumption of kerosane per household per
 

capita and standard deviation
 

(4) 	 *** Average consumption of electricity per household
 
per capita and standard deviation
 

(5) 	 Average consumption of other fuels: - charcoal
 
- diesel, gasoline
 

•) 	 (1) and (2) are based on three groupings of information for the 
questionnaire:
 

a) collection details
 
b) seasonal variations (patterns of fuel use) 
c) measurements 

a,) (3) based on: 

1) seasonal variations (Patterns of fuel use) 
2) use of fuel devices 
3) measurements 

(4) based on Information 	 on device use and information on 
device capacity.
 

111. See folloving page 



AVERAGE CONSUHPTION 

Income 

(Rp.) 

Firewood per 
household/ 
per capita 

(kg) 

SD-

Agricultural ast* 
per household/ 
per capita 

(kg) 

-

Kerosene 
per houaehold/ 
per capita 

(it) 

SD* 

Electricity 
per household/ 
per capita 

(vatt) 

SD* 

Other Fuel 
(charcoal, diesel, gasoline, etc.) 

SD* 

0 - 149,999 

150.000 -

240.000 

250.000 

dan lebih 

*) SD - Standar Deviasi 

cross out unneeded category 



"AMII - EXCERPTS FROM UNVERSITY TEM REPORTS" 



A. INSTltU' TUENMLOGI P.JIUWG (BADUN 	 *G,WS JAVA) 

Village Observation 

11. 	 Leanasnari VillaMe. Leban Sub-district, a type of Self-work Vilae 

a. 	 Fuel supplies are:
 

Firewood from fields or Sarder j.
 

Kjrone, generally purchased in small shops
 

- shopowners: village people
 

- price : + Up. (50 - 60)/ltr.
 

Electrical enargy is not available.
 

b. 	Fuel consunption: 

- collectively/group : none
 

- home industry none
 

Villagers are in general farm labourars; and most of the village
 

in inaccesaible to vehicles.
 

family planning program can be applied to 10 - 15 percent of the village.
 

Dry 	 farming Is the rule.
 

2. 	 Jeti Village. BanJaran Sub-district, a type of Salf-wrk Village 11 

a. 	 Fuel supplies are:
 

Firewood obtained from fields, 
 and forests. 

Kerosene 	 from village markets, and sull shops. 

Price : Rp. (50 - 60)/ltr.
 

Electrical energy is not available, 

b. 	 Fuel consumption:
 

for its loud speakers.
Collectively : a mosque uses batteries 

Home industry : none 

Village Income derived from farming. Being a rmote village, it is 

inaccessible to vehicles; and also to family planning programs. 

3. 	 Biru Village, Halalaya Sub-district. a type of Self-work Village I 

a. 	 Fuel supplies ao: 

from 	 dry fields.
 

a hill about 400 mters away 
 from 	the village (Albasia wood 

and twigs).
 

Kerosene can be purchased in local small shops.
 



b. 	 Fuel consumption : 24 textile power loom. 

c. 	 glectricity is available to about 25 percent of the village.
 

Transportation consists of two-whealed vehicles.
 

Fsaily planing program are accessible to 15 - 25 percent of the vil4e.
 

Education facilities:
 

- 3 Inpres lomentary Schools
 

- 3 Government Elementary Schools
 

- 1 Subsidized Zlamic Elementar7 School
 

- I S,'bsidised Islamic Religious 1:-mentary School
 

:d. 	 Village ecouAom, 

* 	 75 perceaL firz workers/textile factory laborers 

* 	25 percent Zarers/rice field owners 

4. 	 Panvirapan VilUse. Soree Sub-ditrfic. a type of Self-york Villate I 

a. 	 Fuel supplies are: 

Kerosene - the stals or shops purchase from a dealer around Sorean
 

sub-district about 2 kes away; from Partamina tank-cars (5000 liters)
 

once in 4 - 5 days against payment of Rp. 43, or lp. 4,-/Iiter.
 

Retail pitce is Rp 60 per liter.
 

Firewood - directly obtainable froa a nearby plantation of albasia wood,
 

or purchased roo shops at Ip. 600, - per "pikulan" (+ 137 lbs.).
 

Dies a l - no retael sale, and available only at P. 65, - per liter.
 

Charcoal - is sold In plastic packages (of + 0.25 kg.) at RIP.40, 

per package.
 

b. 	 Places that require a lot of fuel: 

The only two hullers of the village, who both use Kubota machines. 

Three privately owned stone-crushers that use dyncaite. However, during 

this survey, the crushing was done manually as the SAPUJAGLT* Operation 

(OPSCAT) was being enforced by the Government at the tine. Group 

activities are of private ownership; and manual labour is from the village. 

c. 	 Locations and other information: 

The village is situated north of Soremang sub-district (about 2 ks . off the 

mainroad). and has quite good and clean streets. 

Population: male : 2.550 people 

female : 2.564 people 

total : 5.114 people 

* supression of firearms and explosives. 



Consisting of 1.288 heads of family. 

d. 	 Beak-up on skill, profession etc.: 

Army 

Government mployes 

Village authorities : 


Pensioners a 


Private employees : 


Farmers 


Traders : 


Laborers .
 

University students : 

Students (school) : 

Land Ownership: 

Privatelyownedo 	 vet fields 

land 

fishponds 

Village ownership 	 dry fields 

cemetary 

Government land : 	 RIM 

GG 

Buildings:
 

Education:
 

Elementary Schools, 


Islamic 	Schools 

Courses 

Buildings
 

Other: 

Viilm'e Council Hall 

Public Health Center (opening veekly) 

Family Planning Center 

Ieighborhood office 

Civil Defense post 

Guard Post
 

10 mosques
 

37 prayer houses
 

4 people
 

46 people
 

9 people
 

36 people
 

11 people
 

1049 people 

156 people
 

89 people
 

4 people
 

1582 people
 

: 121 ha 

: 413.350 ha 

: 0,750 ha 

1.645 ha 

0,250 ha 

0,975 ha 

0,925 ha 

3 buildings 

I building 

: I building 



imber of radios : 326 radios 

TV sets : 20 met& 

Village transportation - Bicycles, and a few motor cycles. Transport 

to Soreang mainroad Is by dogcarts at RP. 50, -

The Village Unit Cooperative is inadequate and handles only the savings 

and loans of harvest yields. Fertilizers have to be purchased at sub

district level. Urea/TSP costa rp. 70, -/I. 

Family Planning Program - 463 use pills; 21 use IUD; other nans are 

not favoured. Some people though sympathetic to the program, do not 

nake use of the facilities available In the village. 

5. 	 Kopo Village, Soreang Sub-distyict, a type of Self-work Villas 11 

a. 	 Some difficulties undergone during the survey:
 

- inability of meeting respondents' ambers of family who generally
 

are at work on rice fields.
 

- problem of ccimnication.
 

b. 	 Fuel supplies: 

- cooking is by firewood collected from dry fields, and lighting is 

by kerosene sold in small shops or by retailers at Rp. 50, -/liter. 

-	 wood and kerosene are easily available because of good
 

transportation
 

c. 	 The two privately owned rice-hullers of the village make use of solar
 

energy.
 

d. 	 Other Information: 

- of the population of 8120 people, 90 percent live by farming, either 

as farmers or as farm workers. The majority own their lands. 

- water for domestic needs is from wells. Water supply for farming/ 

irrigation purposes is good. Electricity is not available. 

- transportation within the village and outside Is by mini-buses (colts) 

The fare to Soreang (+ 3 kls. away) is Rp. 75,-/per head. 

-	 Central Government Service: 

Family planning program - usually held in Soresng sub-district or through 

information at the Village Council Hall. 

Mass Guidance - fertilizers credits with the approvf,.' of the village head. 



6. 	KAMas Village. Banjaran Sub-district, a type of Self-Supporting Village I 

a. Fuel is available at small ehope. A kerosene distributor sells the 

kerosene at Rp. 50,-/per liter nd there is no report so far about 

the difficulties in obtaining fuel. 

b. 	Industrial use of fuel:
 

- four privately mined rice buller use solar fuel.
 

-	 four roof-tile factories privately omned use firewood. 

-	 one privately owned brick-factury uses firwood.
 

c. 	Means of livelihood: farming, trading
 

orne water supply: wells, vet fields, irrigation
 

Electricity supply : available
 

Transport within the village : dog-carts, colt minibus 

Government program : family planning, Mass Guidance, credits gvsnted 

through Bank Rakyat Indonesia. 

7. 	 Kianroke Villase. Baniaran Sub-district, type of Self-supporting Village I 

a. 	Fuel supplies 

1. 	Generally available at emall shops or through dealers. 

2. 	The existing kerosene dealer is P.T. Asia Saxta Motor. The price 

is Rp. 55,-/liter. 

3. 	There is no report about difficulties in obtaining fuel.
 

b. 	Places with fuel consmuing activities: 

No. 	 Typ Total Type of Fuel Meaced by Caacity 

I -huller 1 solar individual 

c. 	 Other information: 

1. 	Population of 5990 people - farmers, farn workers, laborers, traders. 

2. 	Water supply is from:
 

- field Irrigation, end 

- 70 	percent of the houses use PLN electricity. 

Transpor outside the village is by: 

- colt, daihatsu, honda
 

3. 	Central Government Services:
 

- Electricity
 

-	 Hass Guidance, Mass Intensification 

-	 Family Planning 



8. 	 Tenjolaya Village. Pasirj--uu Sub-district, a tMoe of Self-supporting Village I 

directly fre PERTAMDNA State a. 	 Fuel supplies - Retailers purchase either 

45,-/liter and sell for Rp. 50,-/liter; or to otherEnterprise at Rp. 

per liter, dependingretailers who then sell at Rp. 55,-/ or -Rp. 60, 

on the distance they cover to ak It available. The Pertaxina agent 

s in CIwidey, about 5 kms. away from the village. 

Firewood - People collect from their gardens or dry fields; and 

rarely from the woods. It can be purchased at Rp. 750,- per 

"pikulan" (± 137 lbs.). 

b. 	 Fuel-requiring places - Three rice mills require solar fuel for their 

diesel machines. "Suka Tani" rice mill, that was visited, uses 	diesel 

machines BUKH G 105, 1970, 1 cylinder ex. Denmark. with an average fuel 

consumption of 1 liter/hour; and generally operates 12 hours a day. The 

employs two malas and three females and generally produces 3 quintalsmill 

rice a day. All rice mills of the villege are privately owned. 

An apple Plantation Q 4 HA), privatoly owned, uses generators both for 

the day's work and for its lighting from 18.00 - 23.00. A third fuel

consuming industry of the village manufactures roof-tiles and purchases 

at Rp. 4000,- per m3. It employs 5 workers andfirewood from local people 

generally a worker produces 100 tiles a day. 

3 kma. north and of Ciwideyc. 	 Other information - The village is located + 

off the mainroad and with poor streets).(the surveyed area is + km.) and is 


Populition:
 

male 3183
 

female 3385
 

total 6569
 

consisting of 1550 families
 

Heans of livelihood:
 

Farm workers 
 1335 people 

65 peopleIndustrial laborers 

1817 people
Service/traders 


Government mployees/army aebers ±15 percent 



Area breask-up: 

Wet fields 185 ha
 

Yards 365 ha
 

Plantation 450 ha
 

State foremts 2500 ha
 

Water-supply is from wells while electricity is from PI (Electricity 

State Enterprise), except in Plantations that have their own generators. 

There is no public transport between villages because of bad roads and 

relatively short distances. 

Authorities' Service -

Goverament Elementary Schools : 3 schools 

Inpres Elementary Schools : 1 school 

Islamic Elementary Schools 2 schools 

Family Planning, Hass Guidance Programs and the Public Health Center are 

sub-district facilities available about 5 kas away from the village.
 

Participants of Family Planning prosrin are about 300.
 

Social activities Involve youth activities of sports (badminton, football,
 

volleyball, pencak silat or a system of self-defense) and arts (calung
 

music, reog dance, katuk tilu dance).
 

Village Unit Cooperative has been established at the Kampong Organization
 

level but does not run efficiently. A rice barn helps during the tims
 

of scarcity before harvest, and is a kind of saving and loaning cooperative
 

on farm produce.
 

The use of electricity in this village consists of:
 

From PLN and Plantation which is totally around 20 percent of families. 

47 television sets, 646 radios and I telephone. 

9. 	 Cikonani Village, PasirJambu Sub-District. Self-Work Village 

Particularly with Sukatani Village, its remote location and accessibility only 

on foot, posed survey problins. During the rains, even vehicles can not get to 

the village.
 

a. 	Fuel supplies:
 

Kerosene is sold in small shops; firewood is collected from dry fields
 

(bamboo garden) or the forest.
 

51'!
 



b. 	 90 percent of the village earns a livlihood by bamboo weaving sold to 

collectors who visit the village, or at SoreanS. Farm produce isgenerally 

rice and second crops (sweet potatoes, casmava, and beans). Inter-vilage 

transport is through colt mini buses (to Ciwidev). The narrow paths of 

Sukatani village renderx it Inaccessible to motor-cars, and to the village 

office that is a long distance away (+ 7,5 ki). 

10. 	 Maruyuna Village. Facet Sub-District, First Self-Supporting Village 

a. 	Fuel supplies:
 

1. 	Generally purchased from small shops or dealers.
 

2. 	The kerosene dealer is from Percamina and charges Rp. 55-/liter. The 

wholesale price is Rp. 50,-/liter. 

3. 	Fuel supply is hampered by badly damaged roads, and consequent poor
 

transportation.
 

b. 	Fuel Consuming places/groups in the village
 

No. Types of activities Types of fuel Managed by
 

1 Brick making Firewood Private entrepreneur
 

2 Crisp chip factory Kerosene Private entrepreneur
 

3 Fried soybean cake
making Kerosene Private entrepreneur
 

4 Diesel-powered electric
 
generator Solar diesel State Electric company
 

c. 	Other information:
 

1. 	Of the total population of 12.067. 44.5 percent are male;
 

farmers 65 percent
 

traders : 25 percent
 

employees : 10 percent
 

2. 	Development of water and electricity supplies: 

- Electricity - since 1978, diesel-powered electric generator from 

the 	State 'lectric Company, provides to villages nearby Villsge Center 

(Sub-district center). 

- Water - irrigated from Citarum river 

- Vehicles outside of the village: motor vehicles (opelet, colt, 

daihatsu, kijang) and a fey own motor cycles. 

3. 	 Central Government's Service: 

- Family planning program is quite successful (t percent of the women 

participate in it)
 

- Mass Guidance involves the circulation of money of Rp. 2 million/season. 

.:. IC 



11. 	 Andir Village, Pameunapauk Sub-district, a type of Self-supporting Village 11 

a. People generally purchase fuel/kerosene from small shops. The kerosene 

agent is at Dayeuhkolot, and charges Rp. 45,-/liter.
 

b. 	Industrial activities are: Five roof-tile factories owned by local people; 

and the fuel used is Lhaboo. The two textile industries belong to Foreign 

Investment Company and Domestic Investment Company; and the fuel used is 

diesel.
 

c. 	 Manse of livelihood: farmers comprise 70 percent; factory 

and building workers 20 percent; traders, etc. 

Water supply: - for houses : taken from wells 

- for fields : taken from Bojongmalaka irrigation 

Transport. within the village, bicycles; out of the village, dog-carts 

or colt mini buses. 

Government 's programs: 

- Family Planning program gained appreciation from the Regent 

- Hass Cuidenace and Hass Intensification - combined with Dayeuhkolot 

- Public Health Center - combined with Dayeuhkolot 

-	 Small Investment Credits, "Candak Kulak" Credits, are given through 

local bank. 

12. 	 Parungacrab Village, Pameunspeuk Sub-district, a type of Self-work Village V 

a. 	Kerosene is easily avaisble at small shops, through two kerosene agents 

from Partanina, who charge Rp. 42.50/liter. 

b. 	 There are no places/groups consuming much fuel in this village. 

c. 	Farming is the chief means of livelihood (80 percent); and others are
 

building workers, traders, etc.
 

Domestic water supply from wells; and fields obtain water from irrigation
 

facilitis.
 

Vehicles in the village: motor cycles and dog-carts. 

Vehicles outside of the village: colt/honda, dog-carts, motor cycles.
 

Government programs, generally adequate, are: Family planning, Mass 

Guidance, PuLoiic Health Center (to be combined with Soreang). 

d. 	Field areas measure 274.780 ha.
 

Yards measure 67.330 he.
 



13. 	 Lebak Muncana Village. Cividey Sub-district. a type of Self-supporting Villas* 1 

a. 	 Fuel supplies: 

Kerosene, widely used, is available at most semal shups at fp. 50.-/liter. 

One of the karosene sellers supplied by a private entrepreneur in Ciwidey 

by tank-car sells at Rp. 46.50/liter. 

Firwr-od, available only at a distance, is aeorally for cold days and 

purchased at ftp. 500,-/"pikul", and suffices for 4 - 5 days' cooking. Small 

low-income families conuse only abolit I liter of karosene for cooking.
 

Firewood from yards is inial.
 

Cooking-stove were introduced about 2 - 3 years ago.
 

b. 	 Fuel consmaing place/groups:
 

Four rice mills use solar fuel.
 

c. 	 Village livilhood:
 

Majority a•e traders and farmers; a few earn from fishery.
 

d. 	 Village developLent:
 

Water : from wells, neither very deep or clean.
 

Electricity : Not available
 

Vehicles : 	 There are not many within the village; and about 

4 colt mini bume operating to Ciwidey at Rp. 150-/ 

person. 

Health 	 A Public Health Center at the Village Office functions 

twice a week. 

14. 	 Ravaboso Village. Cividey Sub-district. a type of Self-supporting Village I 

Information on this village posed a problem. The reepadencs' were widely 

scattered (+ 3 ken away); and was the only means of comunication. 

a. 	 Fuel Supplies: 

- kerosene obtained from small shop@.
 

- firwood collected from dry fields/woods
 

b. 	 Fuel consumption: In Bayund Bog village, a privately owned roof-tile 

factory uses husks and rood for fuel. In Legak Sala, a privately owned 

rice mill uses solar fuel. 

c. 	 The people generally live as farmers and farumorkers (a few run their 

farmlands) 

Water supplies: obtained from water sources in "Tambak Ruyung" mountain for 

field irrigation, while water for houses Is obtained from 

wells. 



- Vehicles in the village and inter-villages are colt mini bus" 

(som of them belong to village people). 

- Governmant's Service: Family Planning Program In Cividey, Mass Guidance 

and Small Investment Credits. 

15. Cikalong Villaze. Panusiansan Sub-district. a type of Self-work Village V 

a. 	 Fuel supplies: 

Host people have used kerosene for cooking; a few use firewood, dry fallen 

branches and twigs. and bamboo collected from their yards or from 

Gunung Tiga mountain which is + 10 kms away. Of the four kerosene dealers, 

two are "large" suppliers, provisioned with about 10 - 20 drua, refilled 

once or twice a month by tank-cars. Tte smaller dealers, supply capacity 

of about 4 drums each. They wholesale prirs from tank-cars is p. 44,-/ 

per liter and sold to retailers at p. 47.50 per liter; the price of 

kerosene for consumers at small shops is Rp. 50,- per liter. 

b. 	 Fuel consuming groups: 

and six rice mills. A group visitedThere are two rice-shedding machines 

during the survey, used 2 diesel machines consuming 30 liters of diesel 

per day when in full operation; and the local price of solar is Pp. 65,-/ 

per liter.
 

c. 	Village Life: 

People live mostly from farming and vegetable gardening. Water for houses 

besides other clean wster sources. There are a lot of 

publib vehicles (Cikalong - Pangalengan, Cikelong - lnjaran - Bandung). 

Irrigation water supply is good. Electricity is enjoyed by only 0.20 

of a total of about 1,700 families. A comittee is being established 

is 	 obtained from walls 

percent 


-or the installment of electricity at the village.
 

d. 	 Governmnt's Service:
 

Public Health Center : 1
 

Birth Clinic/Mothers and Children Welfare 
Canter : 1 

: 1 

700 TV sete. 2000 radios and 2 welding places. 

Family Planning Post 

The 	village has about 



16. Fanaglengn Village. Pa~m igonan Sub-district, a type of Self-upportina 

Village U1 

Particularly Ranea Manyar Village. 

Problems in coliectng data:
 

- Host respondents are employees of PTP XIII and go born at 15.00.
 

-	 The place is quite far from Bandung. 

a. 	 Fuel supplies:
 

Kerosene ia purchased at retailing shops at Rp. 70,-/litar.
 

Firewood Is purchased in Panglengan/vulage.
 

b. 	 Fuel consuming places/groups of the village are: 

Tea and quinine plantations owned by PTP XIII which use diesel/solar fuel 

and electricity supply from PLN inLaajang. 

c. 	 Most people earn their living by planting cabbage. potatoes. squash, etc.; 

working as laborers in PTP XIII factories; and by breding milch covs
 

(they set credits from the Goverment).
 

Water is supplied from wells (1 vel is used by 3 - 4 families). Bathe
 

are taken from source water channelled through small bamboos or small
 

drains.
 

Inter-village mans of transport is colt aIni buses (the distance to the
 

nearest town is + 5 ken and the fare is Rp. 150-; per person).
 

Public Health Canter for village people is in Ciwidey while that for PTP
 

XIII employees is in Kartamanah.
 

17. Cikasunmka Village, Cicalenaka Sub-district, a type of Self-work Village ,1 

a. 	Fuel supplies:
 

Available at small shops. There is no kerosene dealer in the village. They 

have problems in getting certain types of fuel. 

b. 	Fuel consuning places/groups:
 

No. Type of xroups Total Types of fuel anaged by Capacit 

1 Rice Hill 7 Solar private 
entrepreneur
 

2 Roof tile making 7 Firewood 	 private 4 m3/10000 pca 
entrepreneur 

3 Brick making 13 Rice husks 	 private 450 kgs./ 
entrepreneur 2500 pco.
 

18. Tenjolaya. Cicalengka Sub-district, a type of Self-work Village V 

A. 	 Village people purchise fuel/kerosene from small shops. There is no 

agent/dealer.
 

b. Eight home centers make crisp chips; and fuel used is karosene. Each center 



needs 0.5 drum of kerosene/day. 

c. 	 Huns of livelihoods
 

Farm workere 1060 people
 

Farmers 	 825 people 

Traders 228 people
 

Government employees 1250 people
 

Total 10.126 people
 

rater supply for houses is from wells; and fields are irrigated.
 

Electricity was Introduced to the village in 1974-1975.
 

Inter-village vehicles are dog-carts, colt, honda, daihatsu.
 

Family planning program has been 15 percent successful.
 

Government's service is Small Investmnt Credits which were just
 

Introduced. There is no Cooperative, Village Unit Cooperative or
 

Village Unit Committee.
 

19. 	 Linagar Village, Rancaeksk Sub-district, a tYpL of Self-suprortina Villa&e I 

Fuel supplies: 

- generally purchased through small shops or dealers. The kerosene dealer 

of this village is PT asum, who sells the fuel at Rp. 50,-/liter. The 

problems of obtaining certain types of fuel is poor transportation. 

b. 	 Fuel consuming places/groups 

Ho. Type of Groups Total Types of fuel Hanaged by Capacity 

1 Chip crisp 2 kerosene individual 

factories
 

6 charcoal/ individual 2 Cassava chip 
factories 	 firewood
 

3 Vonen weaving 7 	 electricity/ private 

diesel 

solar individual 4 Rice ills 6 

c. 	 Other information: 

1. Means of livelihood:
 

Farmers 	 352 

Government employees 12Z
 

Private employees 15%
 

Traders 3%
 

Cattle breeder 12
 

masons 12
 

iarm workers 	 352 

topulation: 10.119 people
 

Q,
 



2. 	 Development of water and electricity supplies: 

- Irrigation, Introduced in 1976 

- PLN electricity, introduced in 1978, of which 10 percent is for 

doeastic use. 

Vehicles in the village: dog-carts; Inter-village vehicles are colt, honda, 

dahstsu, KiJang, opelet and buses (Garut/Tssik - Bandung) 

3. 	 Govenment's service: 

Family planning program (538 participants), Public Health Center. Mass 

Guidance and Kass Intensification. The target of Hass Guidance and Hass 

Intensification i 200 he - Rp. 6.200.000- per season. 

20. Haurpugur Village, Rencaeksk Sub-district, a type of Self-supporting Village 

a. 	 Fuel is usually purchased at or through a private dealer who buys +10 

drum of kerosene, and sells at Rp. 50.-/liter. There are no problems in 

obtaining the fuel. 

b. 	 There are no fuel-consuming places/groups. 

c. 	 The people live by farming. When work in the fields is over, they go 

to towns to work as masons/bricklayers. Water-supply for houses is 

from wells. Fields are irrigated. Government's services include Family 

Planning Program and Public Health Center which usually run smoothly. 

I 



5, INSTITUT PEITANIAN 0GO1 (BOGOI. WEST JAVA) 

1. 	 Characteristics of Agro-Economy 

Planting season in all regencies is relatively the ease. In the rainy 

season, rice is planted in the months of October through February. In the dry 

season, rice cultivation is limited to thos, sub-districts that are served by 

Irrigation. 

In all eleven sample villages, the use of fertilizers and pesticides is 

widespread. Only one village uses tractors for cultivation. Mechanized rice hullera 

were reported in use in 77 percent of the sampled villages. 

2. 	 Transportation in the Region 

Four-wheeled motor vehicles were reported in use in 90 percent of sample 

villages. Motor cycles were used in all villages. Motorized transport is not 

new to the region, though it has not completely displaced traditional modes such 

as carts and two-wheeled horas-dravn carriages. 

3. 	 Fuel Prices 

Average prices of fuels in the sub-districts of the region mere reported 

as shown below: 

Fuel Prices 

Sub-district Average price of Price of Kerosene Price of Charcoal 
firewood (Rp/kg) (rpllt) (rp/ka) 

Jan 79 Nop 80 Jan 79 Nop 80 Jan 79 Nop 0 

Ciomass 000.0 000.0 30.0 55.0 160.0 175.0 

Cioapee 10.0 12.5 25.0 60.0 000.0 000.0 

Cigudeg 00.0 00.0 47.5 67.5 37.5 50.0 

Cijeruk 00.0 00.0 40.0 60.0 125.0 125.0 

Cisarus 00.0 00.0 - 60.0 - 50.0 

Cimanggis 1500.0* 2000.0* 25.0 50.0 150.0 250.0 

3 
I Rp/mNote: 


4. 	 Energy Consumption by Government and the Conmercial Sector 

Kerosene or electric lights have been comonly used by government authorities 

or private bodies. A3osL all shops/kiosks and food stalls use kerosene lamps for 

their 	lighting. Data on the use of electricity and kerosene lamps are not available. 

Government authorities rarely seen to have their own cooking facilities or 

transportation means.
 

Table V-5 gives complete information on fuel consumption in 11 sample villages. 



5. 	 Fuel. Supplies 

Observation of the region above that traditional fuel supplies are being 

strained, while oil prices are rising. In such a situation people tend to use a 

variety of biomass fuels obtained from various locations and sources. 7irewood 

is rarely purchased. 



C. ULiVISITAS GADJAH MADA (JOGJAKARTA) 

1. 	 Farming Area 

Most selected respondents (882) are workers in the farming sector, while 

the rest york a laborers, service sellers, etc. Farmers generally own their 

land which masures less than 1 HA on the average. However, the yields from 

their lends cunatitute their main source of income. 

a. 	Land Cultivation:
 

The farmers of this survey cultivate their land traditionally, namely by 

applying inherited farming methods. For instance, cattle are still used to 

plough and rake rice fields prior to the planting season. The survey found 

instances of mechanized farming. However, it was noted that all farmers had used 

fertilizers, either manure or artificial. Pesticides were also frequently used. 

b. 	 Irrigation Problems: 

Irrigation is an important factor in farming. In general the villages 

intersected by rivers, had irrigation channls. Whereas asme villages, despito 

irrigation channels, still depend on rainwater. The surveyed villages in Gunung 

Kidul Regency, depend entirely on rain water. Of the twenty-eight villages 

surveyed, ton have Irrigated fields, four have both irrigated fields and fields 

dependent on rainwater. The remaining fourteen villages entirely depend on 

rainwater. 

c. 	Staple Crops:
 

The staple crop of both Irrigated and non-irrigated fields is rice. The 

variety planted in wet fields is generally of IR 36 type; and Gogo rice in dry 

fields. Well irrigated fields can be planted twiece a year, while 

fields dependent on rainwater can only be planted once. namely in the rainy 

season. In the dry seasons, crops such as cassava, soya beans, peanuts, and 

corn are raised. In some villages in Kulon Progo Regency, farmers also grow onions 

and tobacco. 

Som areas near Hadukiamo sugar factory are rented for slgar-cane plantation. 

The rental period is 24 months. Farmers generally plant rice in the montha of 

January through April and second crops from Hay to August. For the months of 

September through December, irrigated fields are planted with rice, while poorly 

irrigated fields are planted with second crops. 



d. 	 Crop Productivity: 

Average 	 produce of various crops in Special Area of Jogyakarta i. as follow: 

lice 57.20 quintals/ha 

Corn 	 14,72 quintale/ha 

Cassava 90,83 quintals/ha 

Peanuts 8,28 quintals/hs 

Soya besns 7,37 quintals/ha 

The avere* produce of various crops in each regency surveyed can be seen 

in Table I. 

e. 	 Prices of various crops: 

Prices usually vary according to the seasons. The lowest prices occur during 

the harvest season; and the highest during the time of scarcity before harvest. 

Price fluctuation of various produce, from the lowest to the bighest, can be 

seen in Table 2. 

f. 	 Farmers' Income: 

The sample survey of farmers' way of living shows that most of the rice 

yield 	siffics their daily needs - the rest of the rice yield is then sold. 

The farmers' annual income depends vary mch on production output and the 

prices set on the sale of first crops.
 

Farmers generally get addtional income by selling garden produce such as in 

Turi sub-district, where they earn quite a lot from their salad gardens. In 

Sentolo and Wares sub-districtc they earn extra income from their coconut gardens. 

The workers hired for field cultivation are usually from the farmers' 

families/relatives. If such help is insufficient, other farm workers are called 

upon. Workers employed are males and adult females. The payment is in cash. 

However, in some surveyed areas, farm workers get their payment for cortain 

types of work in the form of meals. dria.'a and the farm produce. 

Table 3 illustrates the wages of diffirent activities, and the difference 

in such wages that occurs because of varying work loans. For payment of vages 

in the form of money and farm produce, the value of the farm produce has been 

compenated. 



Table 1 

AVERAGE PRODUCTIVITY OF VARIOUS TYPES 

OF CROPS IN SEVERAL REGENCIES 

IN 1980 

(KM1HA) 

Types of crops 

Reg& nc 

Kulon Progo Bantul 

ee 

Gunun&idul Sleman 

Vet field rice 

Dry field rice 

Corn 

Caasava 

Sueat Potetoeu 

Peanut. 

Soya beans 

47,58 

20,70 

18,47 

102,28 

56,02 

9,29 

5,82 

5,40 

52.09 

18,00 

19,28 

170,52 

159,41 

12,02 

12,82 

5,27 

29,0 

18,35 

15,48 

74,39 

34,38 

5,09 

7,63 

2,54 

50,48 

-

20,89 

141,13 

86,57 

5.47 

11,17 

6,48 



D. UNIVERSITAS HASANUDDIN (UDJUNG PANDANG) 

GENERAL CONDITION OF RESEARCHED AREAS 

1. Geographical location 

The geographical features of South Sulawea provincial area cover coastal 

areas, low plains and plateaus; and so the maple area selected for research 

contain such geographical features. 

The researched areas comprise two regencles, i.e. Maros Regency and ows 

Regency. Maros Resgency is situated north to the Ujung Pandang Hunicipal-ty 

while Gov Regency is south to the Ujung Pandang Municipality. 

Having surveyed the geographical condition of the two areas, we can state 

that the researched areas in Maros Regency contain two coastal villages, spread 

over three Sub-district areas (Table II/1). 

The researched areas in Goave Regency boast of one coastal village, nina 

low-plain villages and three plateau villages, spread over seven Sub-district areas 

(Table 11/1).
 

Table II/I 

Classification of Sample Villages 

based on geographical location 

Regency Sub-d-ntrtct Name of Villasge Geographical Classification 

Haros Maros Baru I. BorikAsinau Coastal Village 

2. Allspolea Coastal Village 

3. Boribellaya Low-plain Village
 

Handal 1. Allaere Low-plain Village 

2. Haanuddin Low-plain Village 

3. Tompobulu Plateau Village 

Camba 1. Ceapaniga Plateau Village 

Gove Sombs Opu 1. Senate Low-plain Village 

2. Sungzinasa Low-plain Village 

3. Katangka Low-plain Village 

PalanggEs I. Bontoals Low-plain Village 

2. Julubori Low-plain Village 

3. Honcobalang Coastal Village 



Bontomarannu 1. Pakatto Low-plain Village 

2. Tiabuseng Low-plain Village 

BaJeng 1. Bontoaunggu Low-plain Village 

Bontonompo 1. Bontolanak8as Lo-plain Village 

Parangloa 1. Pattalkamg Plateau Village 

Tompobulu 1. Rappolmba Plateau Village 

2. Datars Plateau Village 

Table II/I above shows that in the two regencies to be surveyed there are
 

ten Sub-districts and twenty Sample Villages.
 

Geographically, there are:
 

3 coastal villages 

12 	 low-plain villageas 

5 plateau villages 

2. 	 Sample Villages according to village typology classification:
 

Village typology classification Is a norm of evaluation to assess the
 

progress of a village. The classification and description and the spreading rate 

of sample villages with their typology is revealed in the following table 11/2: 

Table 11/2
 

Sampl3 Villages according to 

Classification of Village Typography 

Regency Sub-district Nae of Village Classification of Village Typology 

Haros Maros Baru 1. Borikamase Self-help 

2. Allepolea Self-supporting
 

3. Boribellaya Self-work 

Handai 1. Allare Self-help 

2. Hasanuddin Self-supporting
 

3. Tompobulu Self-supporting
 

Camba 1. Ceampaniga Self-work 

Goa Somba Opu 1. Samata Self-supporting 

2. Sungguminasa Self-supporting 

3. Katangka Self-supporting 



Palanue 1. Bontoala Self-work 

2. Julubori Self-work 

3. Honcobalang Self-work
 

Bontomarannu 1. Pakatto 
 Self-work
 

2. Tiabuseng Self-work 

Beeng 1. Bontosun88u Self-work 

Bontonompo 1. Bontolangk~a Self-work 

Parangloe 1.Pettalikang Self-work 

Toupobulu 1. Rappolemba Self-help 

2. Datara 
 Self-work 

It can be seen from Table 11/2 that out of 20 sample villages, there are 

4 self-help villages, 11 self-work villages, and 5 self-supporting villages. 

3. People's Neans of Livelihood:
 

The means of livelihood in the 20 sample villages can be seen in the 

following table (Table 11/3).
 

It reveals that most people live by farming, except in villages nearer to 

towns to which people are lured for a living es traders or employees. In the 

costaj, areas, fish breding and fishing are further means of livelihood. 

4. Scurcee and Supplies of Water In Sample Villages: 

The daily needs of the 20 eample villages are supplied by ground water from 

shallow wells.
 

Rivers an a 
water source are found only in Boribllays village and
 

Tompobulu village. In addition, there is a village which 
has springs, i.e. 

Pattalikang village. 

The description of sources and supplies of water in sample villages can 

be seen in Table 11/6.
 

5. Government Program in Sample Villages: 

The existing government program in sample villages can be seen in Table 

11/7. 

The table reveals that the Family Planning Program has been adopted Lu 

all sample villages, while Mass Guidance (Bima) and Mass Intensification (Inman)
 

program do innot exist three out of these villages, I.e., ir ,umpobulu, 

Rappolemba and Datara villages, that are situated in the mountains.
 

Health facilities such as Public Health Centers (Puskesma) and Clinics are
 

found only in seven out of the twenty sample villages. They are in Allaore, 

Heasanudin, Tompobulu, Cempanige, Senata, Sunggumina.A and Katangka villages. 



E. UNIVERSITAS SUHATERA UTARA (MEDAN) 

1. 	 Farm Land Use and its Ownership and the Annual Yields 

Viewed from its characteristics, and can be divided into two categories, 

I.e.: tiled land and owned land. Tilled land is tilled or cultivated, and 

can 	be privately owned or rented or borrowed from other people. 

Data tabulation of tilled land can be seen in attachment 2. 

The following facts are obtained from the da,%proressing: 

- Average width of land tilled by each family is 0,3175 HA. 

Deviation Standard: 0,3976 HA. 

Data tabulation of land owned by each family can be seen in attachment 2. 

- Average width of land owned by each family is 0,3268 HA. 

Deviation Standard: 0,4951 HA. 

Baaed on respondent (family) grouping into three different types of income 

groups and three clasa of land owners, the distribution of income groups over 

land ownership is as follows: 

TABLE I: AND OF LANDINCOCME OWNERSHIP 

Land Ownership (HA) 
0,00-0,99 1,00-1,09 2 HA and 

Inccae HA HA more 

(RP) 

000.000-149.999 	 72 0 0
 

150.000-249.9?9 	 6% 1z 1%
 

250.00-and more 	 752 7% 3% 

2. 	 Cattle and animal ownership 

The cattle sureyed in this research is that which rely belongs to the 

respondents and is not just entrusted or lent by other people.
 

Information obtained from the survey is that the types of cattled owned are: 

water buffalos, cows, pigs, sheep and chickens. 

Data tabt lation of cattle ownership can be seen in Attachment 3. 



3. 	 Nouse floor width end house ownership
 

The results of data tabulation and data procesoing show that the width of
 

house floors occupied by vIllr4e people (respondents) s as follows:
 

32 reside In houses wsuzins lef than 20 m2.
 

361 reside 1 bouss5 mxk frow 21 to 40 2. 

39% reside In houses mesuring from 41 to 60 &2. 

17 reside In houses measuring from 61 to 80 .2. 

52 reside In houses measuring more than 60 u2. 

The average width of floow resided by each family Is 47,485 .2. 

Viewed from their characteristics. the occupicd houses cau Ie classified 

into three categories:
 

First: own property
 

8ecod: rented (contracted)
 

Third: lent (without paynant) 

Percentage of respoa residing In houses categorized above is as,ts 

follow,: 

- 60Z reside In their own houses 

- 2Z reside In riated/contracted houses 

- 382 	 reside In lent houses (without payment) 

The 	 result of survey and interview with beado of villages reveal that the 

average house rent ie Ip. 12.000.-per year. 

The conditlun of dwelled houses gathered during the survey and its data 

tabulation are depicted In Table 2. 

4. 	 Trawsprt 

The survey reveals that transport, public and private, Is fual-drivean: care, 

buses. minibuses., motor-cycles., etc. Data tabulation of transport gathered tiring the 

survey can be seen In ttacmt 4. 

From data processin2 It Ls understood that: 

- 18%of total repodents use public buses " their means of transport 

- 12 of total respondents use private care as their t-w of transport 

- 72 of total respondents use publi mini b -*or as their means of transport 

72 of total respondents use privately owned motor cycles an their 

means of transport
 

- Average distance to be covered by b s as a means of transport La
 

6.841 	 kn/week/person. 

-	 Averas distance to be covered by mn bus/op.lt as a me= of
 

transport is 1,296 kes/week/person.
 

http:bus/op.lt
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SUMMARY
 

The needs for energy in Indonesia in the future
 

are reasonably well known from many feasibility studies,
 

estimates and projections. Because of the lead-times involved
 

it is important to establish an active coal development
 

program in Indonesia.
 

Carbonaceous resource, are very large but generally
 

of low rank in the coal classification. Thus, the material
 

must be consumed within a short distance from the mine
 

mainly because of its high moisturc ' nt and/or because
 

of its low calorific value. A considerable amount of new
 

electric power supply is needed in Java which makes the
 

present project at Suralaya feasible. However, consideration
 

should also be given to previous suggestions of energy
 

centers near the source of fuel, in Sumatra and Kalimantan.
 

This relocation could be coordinated with the transmigration
 

efforts.
 

Peat is an immense source of energy which, until
 

now, was not considered by anyone with whom I talked. The
 

technology for its recovery and use is well developed in
 

other parts of the world.
 

Indonesian development work on all coal resources
 

should include moxe detailed exploration and such areas of
 

coal research as sampling, analysis, coal chemistry, carbon-

ization and combustion.
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Major recommendations are as follows: 

1. 	 Establish research centers with a staff
 

dedicated to the problems of coal
 

utilization.
 

2. 	 Explore in more detail the sources for
 

future coal development. Sample
 

collection and analytical data are
 

needed.
 

3. 	 Determine the products that can be
 

made from available coal deposits.
 

Concentrate first on forms of energy
 

that can be integrated easily into
 

the existing patterns.
 

4. 	 Coordinate coal development through 

groups which 1) know the administrative
 

procedures and 2) have the experience
 

to apply the appropriate technology.
 

Adoption of these and other ideas would be based on
 

the Indonesian administration's perspective in developing
 

a sound technical base and having personnel become expert
 

in coal technology.
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INTRODUCTION
 

Indonesia is rich in coal. If the lowest ranks such
 

as peat are included, the amount exceeds the most optimistic
 

estimates of the past.
 

The amount of planning, discussion and thought al

ready given to the introduction of more coal into the energy
 

economy of Indonesia is impressive. Not only have technical
 

personnel made significant contributions to the progress
 

already achieved, but they have integrated the expertise from
 

other countries. Cooperation with other countries is sup

ported by mutual interests; for example, raw materials
 

needed by those with technological know-how versus domestic
 

needs for Indonesia. What Indonesia hopes to achieve in the
 

period 1979/19B0 to 1983/1984 is presented in Appendix I,
 

a translation of the Mining and Energy Chapter of Repelita
 

III. These plans and some other data presented here are
 

known but are included for continuity and background.
 

Historically, modern Indonesia is a young country
 

that has extensive resources but a relatively new techno

logical base. The need for a competent infrastructure is
 

recognized and it is developing rapidly as higher education
 

turns out scientists and technologists capable of maintain

ing and improving the installed industrial complexes.
 

Already, personnel who are experienced in petroleum technology
 

are being transferred to work on coal. Their background
 

provides a good basis for the transfer of technology to a
 

related science where many similarities exist. In fact,
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once the primary conversion of coal into a gas or liquid is
 

completed, the downstream processing may be identical 

distillation, hydrotreating, catalytic processing, etc.
 

Comparison is often made with other countries which
 

have a larger coal component in their energy distribution,
 

but they developed within other frames of reference, that
 

is, different climates, natural resource distributions, and
 

technological development. Population pressures did much to
 

transform western societies from small rural, wood-consuming
 

communities to urban centers that industrialized as the various
 

"Ages" developed. Except in rare cases, it was the available
 

energy source and the ingenuity of man that brought about
 

changes that are now coming rapidly to Indonesia.
 

The current status of planning for the utilization
 

of coal in Indonesia was reassessed recently for a joint
 

meeting with representatives of the Federal Republic of
 
* 

Germany (1-20). Organization of the seminar held from
 

October 19-26, 1980, was under the auspices of the Agency for
 

the Development and Application of Technology (BPPT), the
 

Mineral Technology Development Center (PPTM), and the
 

German Federal Ministry of Research and Technology and the
 

Federal Ministry for Economy. One purpose of the seminar was
 

to survey the German technologies that might be applicable to
 

the utilization of Indonesian coals and to establish a long

term coal program. Another useful purpose was to review and
 

* References are shown in parentheses. . 
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update the coal resource evaluations already accomplished in
 

Indonesia.
 

Alternative or supporting technology for the coal
 

development program in Indonesia could come from many sources.
 

Primaxily, the program should develop from within and support
 

the needs of Indonesia. In countries where coal is a major
 

energy source, appropriate research is part of the ongoing
 

national policy and goals and is designed to fit their
 

indigenous raw materials and what the country will need in the
 

future.
 

One of the problems recognized in Indonesia relates
 

to the studies already made and those proposed. From an
 

editorial in the Indonesian Times of December 1, 1980, I
 

quote:
 

"Minister Coordinator Suorno urged at the
 
close of a seminar that the results of
 
that seminar must not be kept in an ice
 
box. He said that the results of many
 
seminars were not followed up with practical
 
application. Minister Coordinator Emil
 
Salim also once disclosed his feeling of
 
disappointment on the same matter.
 

...It seems we are only able to talk about
 
a problem and fail to transform the results
 

..."
 of discussion into action. 


This is an action report. The material presented
 

is intended to provide some directions for work that must
 

begin in the near future. Specific items are not all

inclusive but are my personal reactions to many hours of
 

travel and discussions with administrators, engineers,
 

geologists, chemists and other experienced personnel, listed in
 

Appendix II A and B. It is well known that Indonesia could ,
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consume all of its petroleum production within a few years
 

if the projected rate of growth continues. There is a
 

waiting list for all of the energy that can be produced.
 

Oil provides a major source of needed foreign exchange as well
 

as most of the non-wood energy. Only coal can fill the gap
 

within a short time. A crash program in the face of an
 

emergency will be costly and will upset the normal balance of
 

trade. Furthermore, foreign credits could erode with time as
 

inflation increases. It is time to grab a pick and shovel
 

and dig into the coal program.
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PURPOSE
 

Coal production is at a relatively low level at the
 

present time but plans have been made for its eventual utiliza

tion on a large scale. Within the limits of the data available,
 

the following factors were considered:
 

1. 	Resource base
 

2. 	Resource quality
 

3. 	Current projects
 

4. 	Pror sed research and
 
development efforts
 

5. 	Barriers to use
 

6. 	Recommendations
 

Subsidiary conditions related to these primary concerns
 

include the availability of other forms of energy and the pref

erability of introducing coal or coal-derived products into
 

the economy. A discussion of the above factors should be a
 

guide to some of these important questions:
 

What is available to replace petroleum?
 

How 	should it be used?
 

What will be the impact of
 
large-scale coal utilization
 
on society and the economy of
 
Indonesia?
 

Economics, per se, is beyond the purview of this discussion.
 

Potential inputs such as biomass, geothermal, wind and solar
 

energy are the subject of other parts of this Energy Planning
 

for Development program.
 



The problem is to introduce coal into the market
 

place on a large scale. New industries should base their
 

energy needs on coal either directly or indirectly. A coal

derived fuel should be made available for domestic use to
 

should equipment for the proper combustion of
replace wood as 


the new fuel. Existing oil-fired boilers should be converted
 

to coal or a coal-derived product, especially if the boiler is
 

replaced for any reason.
 

Coal is defined as any carbonaceous material of
 

plant origin that has undergone the coalification process
 

peat to anthracite. 
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WORLD COAL STUDY
 

Key industrial, government and academic energy
 

experts from 16 major coal-using and coal-producing countries
 

(including Indonesia), made a global study of the production,
 

use and trade of coal. Coal is the only fuel seen as capable
 

of filling the energy gap that will occur when oil produc

tion levels off, as expected in the late 1980 s. Nuclear and
 

alternative sources of energy will not be sufficient to meet
 

the world's growing energy needs (21). Some other con

clusions of the World Coal Study were:
 

--Coal now supplies more than 25 percent
 

of the world's energy.
 

--Economically recoverable reserves are
 

many times those of oil and gas and
 

capable of meeting future demands.
 

--Coal will supply one-half to two-thirds
 

of the energy needs by the end of the
 

century, about 7 billion metric tons
 

compared to 2.5 billion tons this year.
 

--There is a need for prompt action by
 

all concerned producers, consumers,
 

public authorities and governments.
 

Decisions must be made very soon because
 

of the long lead-times required.
 

--Coal can be produced and used in ways
 

that are safe, meet health standards
 

and protect the environment.
 

--Coal is competitive in most locations
 

and will become more so as the price of
 

petroleum continues to increase.
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--Coal technology is well established and is 

still improving. 

--The capital required for the expanded use of 

coal is within the capacity of the existing 

finance system - about US $940 billion. 

If actual Indonesian energy consumption data are
 

plotted and extrapolated to 1984, the curves in Figure 1 are
 

obtained. Petroleum supplies 90 percent of the non-wood energy
 

demand and will probably continue to do so in the future.
 

Consumption of oil in 1977 represents only about 25 percent
 

of the production but by 1984, if the projection is correct,
 

the percen;iage increases to about 40 percent assuming that 

at the present level of 585 x 106 
production can be maintained 

barrels per year. A further extrapolation shows that all of 

the oil produced would be needed in Indonesia by 1993. If 

productivity of the oil fields declines, as it eventually will, 

total internal consumption will occur at an earlier date.
 

An alternative picture is possible if other energy
 

sources are considered. Figure 2 shows what could happen when
 

coal and other alternaitve energy resources are brought into
 

the energy mix immediately. (See Appendix IV)
 

r?
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COAL RESOURCES AND AVAILABILITY
 

Exploration of the Indonesian land masses for coal
 

deposits has been going on for some time. Based on data
 

from several sources, including its own minerals exploration
 

program, the Geological Survey of Indonesia has been able to
 

draw a detailed map showing the location of all known
 

deposits. One source was the extensive survey done by N.V.
 

Shell Mynbouw. The Shell team explored a 71,450 sq. km.
 

area but concentrated its maximum effort on the 150 sq. km.
 

Banko area where 490 boreholes and 50 shafts, trenches
 

or test pits were made. All of the boreholes were cored and
 

analyzed. Reserves in place amounted to 435 million tonnes
 

within the following framework:
 

Coal as mined (including moisture)
 

Maximum depth 50 m.
 

Seam thickness > 5 m.
 

Slope < 150
 

A large amount of coal is thus excluded from the summation.
 

If the reserve includes coal to a depth of 100 meters there
 

is another 15 billion tonnes of coal, not all within the above
 

limits. Composition of the mineable coal falls within a narrow
 

range -

Total Moisture 27-50% 

Volatile matter 
Fixed Carbon 
Ash 
Sulfur 

47-52% (MAF) 
44-49% 
3- 6% 

< 0.5 % 

Calorific Value 6300 to 7250 cal./gm. 
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The ayparent high value for the calorific value is
 

explained partly by the lower than normal ash content and
 

partly by the high volatile matter content. Shell explored
 

this coal area with the intent of marketing the coal. Upon
 

analysis they decided that the coal was not marketable on a
 

commercial basis, primarily because of the high content of
 

water. Details of the above work are given in a report by
 

Shell (22) and a thesis by U.W. Soelistiyo (23).
 

Work is going on ir East Kalimantan by oil companies
 

drilling in the area. No detailed data are available but from
 

past work the known and inferred reserves are reasonably well
 

delineated. Lignite is thri largest component of the reserve.
 

Below are shown the best estimates of the coal
 

reserves in Sumatra and Kalimantan:
 

106 Metric Tonnes (Te)
 

106Te
 

Hard Coals Lignite
 

West and Central Sumatra 200 - 300
 

South Sumatra 200 - 250 15,000
 

NE Kalimantan 100 - 150
 

East Kalimantan 100 - 150 500
 

SE Kalimantan 150 - 200
 

The unspecified lignite deposits could be extensive.
 

Some facts presented by Kadir (24) are of interest.
 

Energy consumption is distributed roughly as follows:
 

Household 30%
 
Industry 30%
 
Transportation 30%
 
Electric Power 6-7%
 



About half of the total energy demand comes from firewood and
 

agricultural wastes. Specific coal usage in 1978 follows:
 

Small Industries 7,009 tonnes 

Metal Processing 22,240 

Power Generation 24,000 

Export 24,018 

Railway 30,748 

Cement 47,219 

Coal Mine Operation 67,100 

The last number is of particular interest since it represents
 

almost a quarter of the coal production.
 

Small Mines
 

One field trip was made to the southwestern coast of
 

West Java in the Bayah area. The first stop, after a day's hard
 

travel from Bandung, was at an experimental lime kiln. Local
 

coal is interlayered with limestone and the charge, either
 

continuous or batch, works its way down the shaft. A run re

quires about eight tons of coal that is supplied from a mine
 

about 5 km. away in Madur Hill. It was not possible to reach
 

the mine because of a swollen river that a car could not ford.
 

Furthermore, the mine is now on a concession and access is
 

restricted. From a miner who works there we learned that ten
 

men produce four tons a month. The yield comes from either a
 

6-meter deep underground mine or it is strip mined when the
 

roof is not sound. The coal is carried 3 km. to and across
 

the river, where it is loaded on a truck. Thus, it takes two
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months of work to prepare for a run in the lime kiln. This
 

mine also supplies local consumers such as the blacksmith.
 

The next stop was at a rice field in Cisiik. After
 

leaving the car we walked about two kilometers to a stream. It
 

would have been difficult to walk up the fast running stream
 

to the mine that is an outcrop and not being worked the day
 

The rest of the hike was aborted. At the stopping
visited. 


point there was a small outcrop that gave some idea of the
 

We did get to see some coal
bedding of the coal in situ. 


samples from the mine - low density, friable and lignitic.
 

Thus, two attempts were maee to reach coal sources
 

but we were turned back by natural conditions. Perhaps this
 

some idea of the problems that might be encountered in
gives 


working coal sources in remote areas.
 

There are about sixty other known coal deposits in
 

Java with various levels of accessibility. No attempt was
 

made to reach any of them because of the limited amount of
 

time available.
 

Production
 

Production figures for coal are well documented
 

and the following brief summary is included for support of the
 

later discussions. Coal production in Indonesia was as high
 

At that time about a third
as 2 million tonnes per year in 1941. 
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was exported (700,000 Te) and the balance used domestically
 

for shipping (650,000 Te), railroads (400,000 Te) and industry
 

(250,000 Te). After World War II the demand for coal decreased
 

continually as less costly, more efficient, cleaner-handling
 

petroleum products became available. By 1973 only two coal

producing areas remained and plans for their closing (except
 

as a training site) had been made. Production had fallen
 

below 150,000 tonnes per year. In recent years the demand has
 

increased despite the loss of the shipping and most of the
 

railroad markets. In 1979 production reached almost 280,000
 

tonnes.
 

Bukit Asam
 

Plans are now almost complete for increasing the
 

production of coal at Bukit Asam from about 200,000 tonnes
 

per year to about 2.5 million tonnes per year by 1983/1984.
 

German technology similar to that used for braunkohle strip
 

mining will be applied at the Bukit Asam mine site.
 

Most of the output will go 450 km. by rail to
 

Tarahan and 8.5 km. across Salat Sunda before reaching the
 

new Suralaya power complex. No visit was made to Bukit Asam
 

because decisions had already been made regarding the upgrading
 

that will start in the near future.
 

Ombilin
 

Ombilin mine, located back in the hills of West
 

Sumatra at Sawahlunto, is an awakening giant. With limited
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finances the production is ready to move ahead, plans are
 

already in place, the studies are made, customeis are wait

ing and the staff is eager to act as soon as the expected
 

financial support is received.
 

There is a wide coal-bearing area suitable for both
 

open cast and underground iniiiing. There are three seams
 

easily mined and "red dog" available for road building from
 

a burned-out seam. 'ie underground operation is a drift mine
 

with slopes inside to reach each seam. The underground coal
 

is two to six meters thick, with no partings. After extrac

tion, the void is filled hydraulically with sand from an
 

ample supply above the mine. Thus, after mining, little
 

preparation is needee except for sizing and water washing. The
 

product delivered to trucks and trains is clean and bright.
 

Already available for future expansion is a power plant capable
 

of producing 12 megawatts. When we visited the site, the plant
 

was loafing along at only 2.4 megawatts, enough for the mine and
 

the town of Sawahlunto.
 

There are two bottlenecks. The one on-site is about
 

to be corrected; the other one is off-site. The on-site
 

bottleneck 4s a steep slope down which three 1-ton capacity
 

mine cars at a time are lowered by a cable attached to a drum
 

hoist. The return trip brings back three empties for return
 

to the mine. Cycle time is relatively short, so that about
 

70 Te per hour are moved. A new system almost completed
 

eliminates the slope by dropping the coal into a silo that
 

feeds a belt conveyo: at its outlet. The silo can hold 2,000 Te
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and is similar to one used at a Canadian mine site. With the
 

new system the capacity of the output will be increased by 50
 

percent, from about 650 to 1,000 tonnes per shift. Thus, by
 

operating two shifts the mine output can meet the planned
 

capacity of 600,000 TPY - 250,000 TPY to the Indarung cement
 

plant and 350,000 TPY to the port of Teluk Bayur.
 

The off-site bottleneck is the capacity of the rail

road, about 130,000 TPY. Proposed methods of upgrading are
 

already in the completed studies and are awaiting approval,
 

hopefully before a crisis, so that the work can be done in a
 

logical, planned way. The railroad has 170 hopper cars with
 

a 5-day turnaround. More cars with a larger capacity can be
 

provided to handle the projected output of the mine.
 

With an estimated investment of US $12 million and
 

interest at 12 percent, the payout time would be about 20
 

years. The plant should reach the break-even point in five
 

years. Equally important as the financing is the fact that
 

continued operation would provide job security and make avail

able a high quality coal. The mining conditions lend themselves
 

to hand operation and the low labor costs favor a continuation
 

in the present mode with experienced miners. The population
 

supported by the mine is about 7,000 persons. The rest of the
 

population in Sawahlunto, about 6,000, are supported directly
 

or indirectly by the railroad, by logging and by local
 

contracting.
 

Coal being mined at present has the following
 

average composition:
 

4' 
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Moisture 4 - 6 percent
 

35 - 40 "
 Volatile Matter 


4 - 7
Ash 


0.5
Sulfur 


0.2 - 0.4 o

Chlorine 


Free Swelling Index 1 - 5
 

Hardgrove Grindability
 
Index 40 - 60
 

Calorific Value 6800 - 7000 cal/gm.
 

Ash fusion 1400 - 14700 C
 

Note the low values for moisture, ash and sulfur.
 

ASH ANALYSIS:
 

SiO 2 60 percent
 

26
Al203 


Fe203 
 9
 

CaO 4.6
 

Na20 0.4
 

An interesting set of analyses was obtained for
 

samples taken from the areas where the present operations can
 

be expanded. They are on Table 1. Again, the samples have
 

low concentrations of moisture and ash, although the sulfur
 

content is somewhat higher. If the sulfur occurs as discrete
 



2.3 

pyrite particles it may be easy to clean. A petrographic
 

analysis would answer this question. The calorific value
 

is very high, over 7200 cal/gm (13,000 BTU/lb).
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TABLE 1 

Ombilin Coals (Future Mining)
 
Analyses of Selected Core Samples
 

(Waringin - Sugar)
 

Thickness, m. 2.7 4.8 11.6
 

Proximate Analysis, %
 
Moisture 4.7 3.5 3.1
 
VM 39.4 39.1 37.6
 
FC 52.C 50.6 52.9
 
Ash 3.3 6.8 6.4
 

Ultimate Analysis, %
 
C 78.1 75.8 76.4
 
H 5.5 5.8 5.1
 
0 10.2 8.8 8.5
 
N 2.1 1.7 1.8
 
S 0.6 1.0 1.7
 

Cal. Value, cal./gm. 7,440 7,280 7,440
 

Ash Fusion - OC 
Initial Deform. 1,240 1,230 1,340 
Fluid 1,390 1,250 1,370 

Plasti .Lty 
Softening, *C 413 - 404
 
Max. Fluid DDPM 1.4 - 4.5
 
Max. Fluid 0C 426 - 430
 
Solid *C 453 - 456
 

Ash Composition, %
 

SiO2 48.7 39.5 29.1 

AI 2 0 3 27.3 8.7 23.8 

Fe203 15.3 8.4 23.0 

CaO 1.98 21.3 14.6
 

1.82 9.69 5.15
So3 


MgO 1.55 10.77 1.67
 

K20 1.58 0.20 0.67
 

Na 20 0.84 0.56 0.65 

TiO 2 0.63 0.33 0.58
 

Other .(0.30) (0.55) (0.78)
 

Analyzed by Tokyo Coal & Mineral Research Institute.
 
Raw coal basis.
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Maintenance at the mine area and surrounding
 

structures seemed to be reasonably good. Some refurbishing
 

is needed in the preparation plant but, since a new one will
 

be built next year, no one seems to be particularly concerned.
 

A problem of future concern at the mine is the
 

availability of suitable trees for mine timbers. As with
 

firewood, the supply line. become longer and longer. An
 

active reforestation program is in order since the mine site
 

will be producing coal for many years and several generations
 

of trees could be produced in the mine area. Certainly the
 

climate is conducive to the growth of almost anything. This
 

problem merits serious consideration as part of the mine
 

development.
 

On the mine site, a beehive-type oven periodically
 

makes coke for experimental purposes. Unlike the (-rude beehiv,
 

ovens used commercially, this one has a steel shell, ports to
 

control the carbonization and ducting for the off-gases. The
 

product is gray and hard although it is badly fissured and
 

probably not strong enough for a high shaft smelter. However,
 

there is the possibility that it could be used in a low shaft
 

furnace or gasifier where the burden pressure is less. Another
 

possibility is the blending back of some breeze (-6 mm), per

haps 8 to 10 percent to improve the structure. Reactivity and
 

combustion tests are necessary. No information on coke quality
 

was offered.
 

One of the questions raised repeatedly, and basic to
 

this project has to do with introducing coal into the market
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place. Handling, smroke, dirt and relative cost are given as
 

factors cited as negatives for coal, yet, at Ombilin we noted
 

an interesting phenomenon. Coal lumps had been dropped from
 

trucks along the rough road. Residents were picking up the
 

coal for home use despite its many drawbacks, including the
 

fact that it burns hotter than wood and can burn out a stove.
 

Some workers were also observed c -rying large lumps of coal,
 

apparently from distances further away, to their homes.
 

Thus, if even an undesirable fuel is available with less
 

Perhaps
expenditure of energy or funds, it might be adopted. 


a future experiment could be planned where a community is given
 

a choi.ce between fuels but coal (as mined or smokeless) is
 

a pile of free coal placed nearby. Suitable
most accessible 

burners for the coal should also be made available.
 

Peat
 

In discussions I brought up the question of peat
 

several times but this was usually dismissed as irrelevant
 

until someone mentioned the fact that peat research is done in
 

the Soil Research Institute at Bogor. And so it was, but it
 

Peat is an energy source
was considered as an organic soil. 


in several parts of the world; used for domestic heating and
 

cooking and for commercial power production. True, it contrins
 

a lot of water in its natural state and its heating value is
 

low, but if it is available at little or no cost, adjacent to
 

its point of usage, it provides net energy. If peat is now
 

considered as an enerqy source, with coal and lignite, the
 

1'"
4 
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energy reserves of Indonesia can probably be multiplied many
 

times. Processes are now being developerl in other countries to
 

improve the utilization of peat--pelletizing and gaeification,
 

for example.
 

The area of peat fields in Indonesia is about
 

17 million hectares, according to the surveys already completed.
 

It is difficult to estimate the total amount available because
 

of limitations in the numbur of surveys made and the size of the
 

auger used (1.5 meters long). Peat bogs were sampled several
 

meters down into the mineral sediment.
 

Peats are classified at the Institute (L. P. Tanah)
 

in the following way:
 

Fibric = over 66% organic matter 

Hemic = 33 to 66% organic matter 

Sapric = less than 30% organic matter 

The specific gravity for dry peat is 0.2 to 0.3 gm/ml. Analyses
 

of peats taken during a soil survey are given in the attached
 

three tables taken from a report (Title page also reproduced)
 

available at the Soil Institute. The column of prime interest
 

to
is the percent carbon in the sample dried at 1050C, from 42 


over 60 percent. Some of the peat is close to cellulose in
 

carbon content but the higher values reflect advanced anaerobic
 

decay and coalification.
 

A simplistic calculation was made to estimate the
 

reserves assuming that 1) 10 million hectares were recoverable
 

to a depth of 10 meters and 2) the density is 0.2 gm/ml. The
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or 200 billion
conservative estimate is that there is 2 X l0l 


meltric tons of peat around. It is located mainly along the east
 

coast of Sumatra and the west coast of Kalimantan. The heating
 

value for moisture and ash-free peat should be around 5000 cal/gm.
 

Besides the two consumers mentioned earlier (power and
 

domestic) other major uses have been for soil improvement and for
 

preparing potting soils. Total world production in 1979 was anout
 

224 million tonncs, 95 percent of which is used in the USSR alone
 

(25). The U.S.A. produces about 200,000 TPY--59 percent reed

sedge, 23 percent humus, 3 percent hypnum, 2 percent sphagnum and
 

13 percent other.
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8. 	 Tanah aluvial dibelakang tanggul sungei (backtamp), histic slpedon atebal 20-0 an dieta horhon C yang berdebu karat, 
kojenuhan bot lapisan mineral tinggi lebh dar 35S.L 

176811 MS. 116/I 0-50 - - - - Tahhabls 45,31 1,37 33 tldak bis dlekstrak 
744 116/11 50-90 0,265 1 86 8 6,5 4,7 3.A 0.91 0.04 23 9 14 8 6 0,253 1.3 .O 0.1 0.4 4.9 7.5 65 
745 116/111i 90-110 0.245 0 94 6 5,2 5,2 4,3 0.70 0.04 ia 6 13 4 5 - 1,3 2.9 0.1 0.6 49 5,3 63 

746 1ISIIVI1O-10 0,400 I .95 4 5.8 5.0 43 0,96 0,03 32 5 12 4 5 - 1.0 2.0 0.1 0.1 3,2 5.7 66 

P. 	 Tanah orgenl, pada ganbut topogen, histic epipidon bevarasi dert hamik sampai fibrik dan tertetak diatas horlson C dqrl mwaI I 
barjbu halt sampal barliat diatas lapisan berdebu kosar dan kujenuhan basa lapisan mIneral tin9 lebih dad 50%, kedalamn 51-100 cm. 

1756J8 KS. 38/1 10-60 - .	 Tanah habis 48.47 1.67 29 26 35 2 31 2.40 8.5 19.9 0.2 13.542,1 114.9 37 
. 6 1 4.5 3,9 42.20 3.51 12 --.- - - ------ 

767 3811V 100-160 1,000 1 56 43 5.1 4,7 4,0 2.13 0,12 18 19 59 10 29 0.514 3.6 13,9 0.9 0.9 19.3 28.0 69 
758 38/V 180-250 0,450 1 95 4 15.8 5.2 4,7 0.64 0.03 21 6 16 5 8 - 1,3 2.6 0.1 0.1 4.1 5,7 72 

619 38f111 60-100 -. . 

175615 KS. 40/I 0-100 - - - L. 4,, tanafhobis 55.73 1.79 31 36 33 7 28 - 4,3 10.1 1.0 1,5 16,9 121.1 14 
752 40/1l 100-240 0,650 1 78 21 5.6 5.4 4.7 2,26 0.09 25 14 39 11 16 0,244 2,8 4,2 0,2 0.2 7.4 7.4 100 

753 401111 240-350 0.850 1 91 8 6,4 5,6 5.0 1,38 0.05 27 11 24 8 9 - 2.7 4,8 0,2 0.1 7,8 96 81 

10. Tanah irgenik pada gmbut topogen, histik epipedon bervarlasi dai hemiksampoi fibrik dan terletak diatas I orison C 
darl mineral berdbu kasar dan kejenuhan beaa sedang, kWang dari 60%, kedalman 51-100 cm. 

175616 HOK. 33/1 0-95 - - - - 3,5 Tanahhabls 51,55 1,38 37 tidakblwsdiekstrakl2 60 Tanahhabis Tanahhbis 
764 33/11 95-200 0,145 1 94 5 5,5 4,8 3.9 1.50 0.05 30 4 10 2 4 0,264 1,3 1.9 0.0 0.0 3,2 8.7 37 

175617 MS. 11/1 0-76 0.145 - - - 4,0 3,9 2.7 67.17 2.08 27 38 24 1 14 2.70 5.8 13.4 1,1 0.7 21.0 128.8 18 
755 11/11 75-90 0,350 1 S5 14 4,7 4,4 3.6 4:33 0.16 27 4 16 1 7 0.571 1.1 4.7 0,2 0.1 6.1 21.1 29 
76 11111 90-200 0,240 1 95 4 6,8 4.6 3,9 0,43 0,03 14 3 11 3 5 - 0,5 2.0 0.1 G,2 28 3.9 72 

2,5 47.62 1.70 28 47 49 1 32 4.36 1.5 3,7 1,1 0,7 7.0117.4 6176612 HR. 4i'! 0-90 0.135 - - - 3.3 3.7 
747 4/1 90-110 0,170 0 93 7 4,2 4,1 3.4 287 0.11 26 3 8 0 5 0.633 0,4 1.3 0,2 0.1 2.0 16.8 12 

748 - 4/111 110-15 0250 1 91 8 60 42 3,6 1.29 0.05 26 3 -11 1 6 - 0,5 1.7 0.1 0,1 24 8.4 29 

749 4/IV i--1 0,295 0 96 4 - 43 3,7 0.78 0,03 28 4 11 2 6 - 0,6 1,8 0,1 0,1 2,3 5.1 46 

11. 	 Toaah OpnVAk peda gmbit toganonmbmgm, hWltik aplpodon ar bahen sapk dan Oatu hwnik 

Wrtetakdlata horhan C dw nineralbullet. kedaluamn 101-200 an. 

175633 US. 631 0-50 0%195 - 3,7 33 .3 57.55 1,37 42 49 24 20 18 4j07 0.5 2,7 0,5 0,9 4.6 131.3 4 
634 63/I 60-200 - -3j 3.5 2,3 57.57 1.23 1 - - -- -- ------- 

773 OM/ 11200-230 Z750 1 4 58 5,6 4,5 3,70 0,24 15 23 64 6 37 - 3,911.6 0,6,122.5 33,6 67 
74OIV 230-400 JMI1 25 74 61 37 3.1SS,,4.43 013 34 13 33 3 23 -- 1.317.8 0.7 0.3 21 43,11 46 

Cli 
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LhP.Tanh |p o debu ,. 25% itrat2 Gram ca. Mg K Nn o rwpdr 


Kd I___ 	 2 0 0120m.kr I___ 0 (M- P20 5a I2nK	 I m 
11 _4 	 m25--_5 	 - 246 8 9 10 -11 	 1 151161171 I8 19 201211 2273 

175635 MS. 118/1 0-50 0.0 7 - -3- 3.2 3.7 2.6 60.00 1.67 38 30 21 23 32 3.80 1.7 3,3 0,7 1,2 6,9117.6 6 
636 118/1 60-150 -- - 3.2 4.3 2.19111 144 41 - - - - - - - - -- 

775 1118/I1 180-200 0.35 0 58 42 4,(; 3.6 3.2 5.13 0.17 30 4 14 1 a - 0.7 6.4 0.2 0.2 7.5 34.8 22 
776 8/IV -200) 0,0. 1 92 7 4.130 3,4 1.56 0.0531 3 a 1 4 - 0.5 2.0 0.1 0.1 2.7 9.3 29 

12. 	 1'anah orpnik ea mbut tOPOgenomrogan. histik ~iPedoo dadl bahan fibrik tertetak diatas hawnn C dwfmimiai brfdeba 
kaar, kodalaman 101-200cm 

175621 KS. 9/1 0-150 - 3,9 T3nahabt 57.5 1,6038 42 51 1744 - - - - - - 

765 9/11 1160-210 0,205 1 97 
 5.80 4,2 3.7 08 0,03 12 1 a 1 4 0.2 08 0.0 0.,11 12. 39 

0-115 - - 4.0 59.0 2.1d 85 21 2.20 1.0 
768 85/I 115-135 0.290 1 64 354,4 4.2 3.5 2,74014 20 9 29 4 13 - 0, 3010,0 07.9 23.4 34 
767 5/111 135-200 00, 1 9 3 6,1 4.1 3,8 0,3 0.0423 14 3 6 1.01.7 0,1 0,1 2,9 

175629 KS. 85/I 0.170 - 3, 2.9 5 27 64 56 6,13,31 1.5 7.4128.0 6 

6.2 	47 

175626 KS. 88/I 0-170 0.195 - - - 3.0 3.7 2,6 52.76 1.88 28 66 40 14 21 2.80 1.7 8,2 2.8 1.614,3177.3 8
 
76 8/11 170-200 0,245 2 94 4 '6.0 4,3 3.8 OA8 0,03 29 3 9 1 5 - 0.7 1,.1 0.0 0.1 19 .15.1 37
 

175625 HSK. 35/1 G-140 0,050 - - - 3.6 3,7 2.6 55.61 1.685 34 t31akbindlkstrak24 02 3.40 16.136,7 6.921.074.7 107,1 69 c 
782 35/I 140-200 0.028 0 96 45.8 6,0 4.0 0,36 0.03 12 3 6 1 4 - 020,.3 0.0 05, . 18 
763 35/11 20-300 0.240 1 94 56.0 4,41 3.8 0.40 0.03 3 4 11 36 - 0.71. 010.14, 23.7 

13. 	 Tanah arganik pods gembut ambrogon danan'bahaz hetnik, -spikdan stau hamik, kedalaman laI" den 200 cm. 
17648 HO. 5211 O-45 0,350 . .4 3,6 2,5 60,48 2,09 29 60 86 33 75 4.20 0,4,.2 1. 2.8 .614196
 

649 52/il 15-475 - - - - 3,4 4.1 .2,3 62A68 1.43 44 - - - - - Tonsh liable
 

175850 IIDK. 2/I 0-30 - -, - ,Tarth habit 57,50 1.9529 94 113 39 85 --- --- -- -- 
561 82/11 30-4756 - 3.1 4,3 2.8 *5522 1,68 33 - - - - - 13 7.9 O .5 sl3b8,1 14
 

175652 M&. 23,1 1.-100 0,350 - - - 3.0 3.6 2.6 56.65 1.68 3.# 31 22 11 17 5.80 -.--- -- -- 
663 231/ 100-200 - . . 3.04,3 3.7 56,26 15337 - - - - - - - -- --- 
654 23111 200-300 - - -3,5 3,6 31 58,631.28 46 - - -- - ----- -- -- 
779 231V 300-320 1,90 2 43 55 4,23.4 3.2 1805 0.32 56 6 21 2 14 - 08 4.2 0.3 0.4 5,7779 7
 
780 23/V 32-370 2.750 4 40 565534 3.1 049 0,1853 6 30 2 25 3.0103 0,50.714.5 44.133
 

17665 S. 121/1 0-40 0.140 - - - - 3.6 2,8 51.78 1.61 29 64 72 32 55 6.80 4.1 9A3 2.1 1.517,6165.0 11
 
658 121/1l 40-370 - - - - 33 3.8245 3.12 15135 - 
781 121/IV 370-420 0.-0z 1 7f 29 6,0 4.6 3.7 2,00 0.09 22 3 11 
 1 7 - 0.0 7,5 0.2 0,1 0.5 18,2 47 
782 121V 420+ 0500 0 k 10 6,0 4,) 3.9 0.74 0.03 25 15 9 14 51 - 1 0,6 3.1 0.1 %1 3.9 568 67 

C.
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No. Con tooh d h pH uhaap 100 or awmth tanah Wiing 1050C Nialjdit aio us'~
Tak\r 


LP. Taneh Pnrim Cm nho % % I N 
617 8 tv11 121 13 14 15 16 17 .
 

- 0 3 0175648 HDK.2411 0-10 - - . . 3 ,s j.3 57.5 2.10 27 - .. 
33 29 25 60 0.9 3,4 0.7 2.0 7.0 94,2 7

647 24/1il 10-475 0.350 - - - 3,7 3,3 2.1 59.26 1,82 33 67. 


- - 3.5 3,5 2,5 58.59 2.12 2 113 74 iF50 57 5,60 7,4 5.6 14 1.5 99 16.2 61
 
0-20 0,400 175639 EK. 37/1 - -.. .

3 6 4 .2 3.4 57 .44 .50 38 
37111 20- 70 640 

5.00 5.2 4.7 1.2 1.612.7120.2 
44/I 0-40 0.275 - 3.8 3,6 2.7 57,03 1.70 34 2 61 30 51 11 

175658 EK. 
-- 3,8 41 3.0 6158 1.12 55 - - - 

659 44111 40-250 
- .. - - - 

441111 250-390 - - 4,6 3.1 2.7 67,95 1,13 51 - . - . 1-- - - - - 

q6 
1 27 72 4,9 4.1 3.5 9.67 0,22 44 19 28 11 18 - 1.613,3 0.5 016.2 570 29 

783 44/IV (390)+ 1,060 

- 3.6 3.8 28 53.83 2.33 23 80 97 39 65 5.20 2,5 6.0 2.5 1.9 11.9 19.4 10
 

175881 T. 4/I 0-150 0,120 - --
 --

. . .4,9 4.0 2 .9 6084 1.69 36 
662 48/11 150 - 175 .. 

14. Tanah orpnlk pada gambut qpmgcn deman bahmn hemik dan allu fibrik, kedalaman lablh dar! 200 cm. cri 

23 2,2 16.3136.4 123,5 3,9 2,9 55.06 2.08 26 94 78 47 72 5.80 2.3 9-5
175663 T. 79/1 0-80 0.070 - - 

. 
- 3,5 38 2.4 57 46 1.81 32 . . . . 

664 79/11 60-475 
10 4,9 1.5 1.7 9.1 129.7 7

32 93 108 35 33 6.00 
- 3,0 3.4 2.2 58,71 1.82 -MS. 1091 0-30 0 - - .- - - -----175665 2.2 60.67 1,50 40 

- - 3,3.8--109/11 30-475ON 
3.40 56, 7,0 1.9 2,016.5142.2 12 

- - - 3.3 4.2 2,5 61.J9 2.16 28 122 64 48 51
0-15 0,3 - - - 175887 HOK. 6711 - - -..-.--

2.5 6 1,34 1.84 33 - 
. 3.5 3,5- ..e 86 7 11 15- 475 

5.9 2.6 1.1 13,2 135.6 1040 94 6.40 36 
- - - 3.6 3.9 2,4 57,75 2.05 28 67 43 

S 869 EKl. 62/1 0-40 0.115 - 0,9 5.01,0 2,2 9.1120,7 8 
---

. . 3,5 3,8 2.2 60,18 1.53 
870 52/11 40-200 -. 

23 98 121 49 49 3.93- 
- 3,4 3,6 2,5 5.03 2,39

57/1 0-125 0.27 - - -- - - L. - - 175871 KS. 41 - .- - - 
. 4 4.4 2,5 57.55 1.90 .57111 125-475 ..672 

I5 Tvh argulk peds pmbu topogen yang dicirikan oelh bahan edpn Iluviatl m idata2 2.7 9,3 0.8 20 13,8 36k5 38 
0 .343 7.30.2.336.S2176024 Ag. 88/1 0-19 - 1 63 46 5.05.0 3.7 8.17 0.43 19 2 408 1031 

2640 627 - 2,87,60,I.112352.620
025 88/11 19-55 - 3 42 65 4,4 3,2 2949 0,90 33 

-- 4.0 3.1 64,98 1.65 39 - 038 0 88/ll 56-90 - 

039 =AlV 9G-200 -4 
 - -- 4.2 3.1 59.22 1.28 46 -- 

http:7.30.2.336.S2
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RESEARCH AND DEVELOPMENT
 

There exists a list of Research and Development Projects
 

Related to Coal, 1980-1981. It covers a wide range of interests
 

but, upon reading, one senses a somewhat restricted attitude.
 

Most of the topics consist of ongoing studies, evaluations,
 

investigations and elaborations. It is possible that the titles
 

do not reflect the content. There are few projects directed to
 

actual experimental work that impinge on the problems at hand.
 

It is recognized that there is a lack of technical personnel to
 

carry out the experimental program but more of a start must be
 

made, perhaps in university laboratories or small research
 

organizations. These projects need not be orientcd to a specific
 

utilization scheme but rather to knowledge about coal composition
 

and its basic reactions. If combustion is decided to be the
 

priority application of a particular coal, experiments to under

stand its composition, reactivity and other characteristics
 

should be under way.
 

Discussions w.th many people led me to the following
 

list of activities that I felt should be going on in a serious
 

fashion:
 

Exploration should be a first priority as soon as a
 

decision is made to develop a particular area. There are few
 

reliable figures on the extent and quality of the coal reserves.
 

Past and present exploration has indicated much about the coals
 

but more is to be learned. Exploration on a systematic basis is
 

essential. This activity must be an ongoing effort related to
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specific expansion plans. For example, if a power plant is to
 

be built, a proven reserve equivalent to about 50 years of
 

operation must be developed and in production when the plant
 

starts.
 

Sampling methods are well-established in all pro

ducina countries, so that a reasonable estimate can be made
 

about the quality of the coal being produced. It must be a
 

continuing activity since coal quality can change along a seam.
 

This is especially true in Indonesia where localized coalification
 

has been accelerated by geological activity.
 

Coal Bank
 

As coal samples become available and research programs
 

develop there will be a need for representative coals. As
 

experienced elsewhere, those working on coal research projects go
 

to mines to collect their own samples. Coal, being a unique
 

material, varies in composition as mining advances or new seams
 

are opened for production. The research results based on the
 

samples collected as needed, although excellent, may bear only
 

a liiited relation to similar work done by other researchers.
 

There is a documented solution to the above problem (26).
 

Without going into great detail, the system involves the care

ful selection of representative samples amounting to a few tons
 

of coal. From mine to laboratory care must be exercised not ;o
 

change the chemical nature of the sample due to oxidation or
 

contamination. After preparation and analysis the samples are
 



.35 

stored carefully so that changes are again minimized because
 

these samples will be consumed over many years. Even though
 

the samples are large they are finite; therefore control
 

should be exercised.
 

--Samples should go only to established
 

researchers. Some idea should be given
 

to the coal bank control concerning
 

the experiments to be made.
 

--Experimental results should be submitted
 

to the coal bank for correlation with
 

data received from other research workers.
 

--Information in the data bank should be
 

available for the testing of models or re

evaluation based on new technology.
 

At least three somewhat similar banks are operating in the
 

United States: The U.S. Bureau of Standards, Pennsylvania
 

State University aad Exxon Corporation. An extension of the
 

coal bank idea was proposed a few years ago--an international
 

maceral bank, possibly located at Bergbau-Forschung in West
 

Germany. Macerals are the physical components in coal that
 

have their derivation in different plant species, parts of the
 

plant, or are the result of physical changes such as forest
 

fires or geological stress. The limitations of this proposal
 

were the extensive manpower required with very specialized
 

skills. Maceral separation for research is now generally done
 

by petrographers associated with any good coal research
 

laboratory.
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The coal bank described above requires considerable
 

planning, financial commitment and skilled control. The net
 

effect is reliable data that is acceptable to the scientific
 

community.
 

Analysis of coal is a critical function because of
 

the knowledge it provides. Since coal is a complex material,
 

the results are sensitive to the methods applied. Methods
 

of coal analysis are well-known and updated periodically, as
 

done recently by Dr. Clarence Karr of the Morgantown Energy
 

Technology Center (27).
 

Some Indonesian coals are unique and may require modi

fied procedures. One example is an unusual sample from a new
 

area at Ombilin that exhibited a very low alumina content but
 

a
extremely high calcium oxide and magnesia levels. There is 


real possibility that interference would occur in a wet analysis
 

or that the levels would be outside the calibration range of a
 

spectograph unless precautions are taken.
 

Classification of coal seemed to be a subject of
 

-
considerable concern regariing which system should be used 


the ASTM, Polish, or British. There are two important points:
 

first, a standard should be decided upon for all Cndonesian
 

coals; second, specific foreign markets may be based on a system
 

other than the one adopted. When contracts are developed it
 

may be necessary to have correlations available or an outside
 

certified laboratory to provide the needed data. Since none of
 



the methods are accepted universally, the one that seems most
 

applicable to Indonesian coals should be adopted. There is
 

some international activity to develop a set of methods agreeable
 

to all; but this is several years away and it is important that
 

men and equipment get trained and assigned to coal development.
 

Coal Petrography also tells us a lot about the com

position of coal. What are the components (macerals) in the
 

coal and what is their source? This information obtained by the
 

microscopic examination of thin sections a few microns thick, may
 

identify the reactive and inert components. It might also ex

plain the reason for the high heating value observed in so many
 

samples.
 

The distribution of minerals observed could give clues
 

to means of coal preparation that could be applied for ash and
 

sulfur removal.
 

Coal chemistry is another important building block of
 

fuel science. Those working with coal should have at least a
 

working knowledge of some reactions that coal can undergo and
 

what are the needed physical conditions of temperature, pressure
 

and composition of the atmosphere. Coal is a complex compound
 

described as a gel, a polymer, a radical, etc., that no one is
 

willing t define precisely. The discussion continues on the
 

binding forces and reactions of coal fragments. From the coal
 

model we may derive ti.: type of compounds that might form during
 

pyrolysis, hydrogenation, alkylation or other possible reactions.
 

'I 
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Equipment for this type of work is available in most
 

standard chemistry laboratories. The only unusual apparatus
 

might be the autoclaves (rocking, magne-dash or rotating) de

signed for operation up to about 500 atm. and 5000 C. Also
 

required are a recovery system and serious safety precautions.
 

Catalysis can play an important part in coal research
 

just as it does in the petroleum laboratory and refinery. Primary
 

products from a coal conversion system are generally not saleable
 

directly to the market place. Again, like petroleum products,
 

catalysts designed for specific reactions can direct the conver

sion in the desired direction. Catalysis is a specialized branch
 

of research and the direction of the work depends upon the de

sired end products needed by the economy and the society.
 

Carbonization was mentioned previously in the dis

cussion of the Ombilin mine. Much more can be done on a labo

ratory scale, e.g., differential thermal analysis (DTA) and
 

thermogravimetric analysis (TGA) are well-known techniques that
 

are useful. Other analytical tools that would be useful are a
 

thermal decomposition apparatus to recover the volatile products
 

and try to improve the coking properties of Indonesian ccals.
 

Another important study would be the preparation of smokeless,
 

clean burning fuels for domestic use. A lot of information
 

such as :eactivity, strength, compounding, etc. must be known
 

before the product is made available to the public.
 

51! 
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Combustion of coal is practiced widely and it will grow
 

If it does not yet exist, a laboratory
rapidly in the future. 


devoted to combustion technology is vital. As already mentioned,
 

Indonesian coals h&ve unique properties and to use them ef

ficiently some group must have the know-how about combustion
 

as an aid to industry. Besides simple combustion are the methods
 

of feeding coal to a boiler and its effect on flame configurations
 

and boiler efficiency. Combustion laboratory personnel can be
 

trained to test boilers, to determine whether they are function

ing at their most efficient level, not only concerning carbon
 

burnout, but also pollution levels and heat transfer.
 

Coal can be transported and pumped to a boiler as a
 

suspension in water or fuel oil. Coal-water slurries may tend
 

to derate a boiler because of the enerny required to vaporize
 

the water, but the ease of transport could compensate for the
 

loss. Another important slurry system is coal-ii-oil.
 

Besides savin4D oil, such suspensions can be used to reduce
 

transportation costs and make available for combustion, coals
 

or oils that might not be used otherwise. Co1.pensating
 

specifications can result in an acceptable fuel composition.
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Liquefaction
 

There is no question that most of the coals found in
 

Indonesia are amenable to liquefaction. Subbituminous coals and
 

lignites have been hydrogenated in laboratories all over 
the world.
 

The important data to be gained from the present state of develop

ment are the conditions required for conversion and product
 

Without great expense, several laboratories
distributions. 


already exist that could do the work needed. Equipment can be
 

Specifically, autosophisticated or kept at a practical level. 


claves of several types (rocking, magnet4c stirrers, rotating,
 

etc.) are suitable. Operating conditions would be a function
 

- fuel oil, diesel oil, gasoline
of the ultimate product in mind 


There is still a lot of research to be done that
 or chemicals. 


is of interest internationally concerning the reaction mechanisms
 

involved in coal conversion.
 

A major aspect of coal liquefaction is the development
 

of suitable catalysts for coal conversion. With few exceptions,
 

such as iron, the catalysts applied to coal were borrowed 
or
 

modified from those used in the petroleum industry. The use of
 

iron as a hydrogenation catalyst is froi the Bergius Process
 

(German) technology. Catalyst studies, as well as other related
 

research, must continue throughout the development stage, at
 

If a large plant is built in the distant
least on a small scale. 


future it must be borne in mind that a laboratory with experienced
 

personnel is needed as a pilot.
 



Gasification
 

There is no question that the coals found 
in Indonesia
 

can be gasified. Existing gasifiers located in many parts 
of the
 

world are consuming a wide range of coal 
ranks, from anthracitic
 

Currently, the Institute
 coals to high ash carbonaceous matter. 


of Gas Technology has a research program 
on the gasification of
 

peat. In fact, they are introducing a university 
course in
 

Although carbonaceous
Indonesia through the US AID program. 


materials can be gasified, it is not considered 
co;.ercially
 

feasible in Indonesia at present except under 
specific condi-


A typical situation might be where the gasifier 
is part


tions. 


of a chemical complex and the product gas 
is used within the
 

plant for synthesis or as a reductant.
 

Pilot plants have been suggested as part of 
the evolv

ing research and development program, but much 
later in the chain
 

of priorities. Pilot plants are usually designed 
to operate
 

within specific parameters and should be based 
on the research
 

They are costly to build and require a large 
commitment
 

goals. 


in space and manpower, particularly if they 
are high temperature
 

and/or high pressure systems that may require 
several days of
 

continuous operation before they come to equilibrium 
and data can
 

be obtained.
 

Furthermore, some pilot plants are available 
in the
 

If a particular process
laboratories of engineering contractors. 


is of serious interest, some companies will 
process their cus

tomers' raw material.
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Development of up-to-date processes for the conversion
 

of coal to liquid fuels is found in all of the developed
 

Offers
countries and international cooperative agreements exist. 


are being made for new cooperative agreements between those who
 

have the technology and those who have raw materials. Typical
 

is the offer made by a representative of the Federal Republic
 

of Germany (20) during the Indonesian-German Seminar on Coal
 

The Germans offer
Technology, October 19-26, 1980 in Jakarta. 


in a suitable
to do feasibility studies which include test runs 


pilot plant, engineering evaluation of the results, an economic
 

assessment and an analysis of the environmental impact. From
 

the developed studies a decision can be made whether to proceed
 

with the large investment of a commercial installation. During
 

the study period the Indonesian experts would work with the
 

German team so that both sides are acquainted with the problems
 

and the solutions.
 

Excluded from the above consideration should be re

search scale equipment that is flexible and readily altered to
 

suit the necessary process evaluation. These small units would
 

range in coal inputs from a few grams to about 5 kg. of coal
 

per charge.
 

Proposals by LIPI (Indonesian Institute of Sciences)
 

Toward the end of my stAy in Jakarta, I was asked to
 

look at some proposals made by the Indonesian Institute of
 

(LIPI). A few of the proposals are worthy of note and
Sciences 


support.
 

515 
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Projects for the upgrading of low rank coals and
 

equipment for their utilization in rural industries and house

holds are sound. Coals in Indonesia often contain large amounts
 

if volatile matter which apparently does not form a pitch but
 

rather seems to crack thermally and goes out with the product
 

gas. It is this volatile material that causes smoke, soot and
 

bad odors. The problem can usually be alleviated by reducing the
 

volatile content to about 20 percent and then burning the char in
 

some form (briquets), in an appropriately designed system.
 

If we assume that a non-agglomerating coal is devol

atilized partially, the particulate residue can then be shaped
 

into specialized briquets at the preparation plant or in the
 

home. Both of these systems are known in other parts of the
 

world but the application of Indonesian coals must be determined
 

both as to the method of preparation and the equipment for home
 

application.
 

If the new fuel is made available at little or no cost
 

and it takes less effort to acquire than going to the hillside
 

for wood, its adoption is almost assured. Some public education
 

and a test area might be a wise investment.
 

I cannot support the idea of in situ gasification for
 

small electricity generators. This technique, although attrac

tive in principle, has many drawbacks. Extensive experiments in
 

several countries have not been successful, especially where
 

physical conditions are not ideal, such a. the existence of
 

Some of the
geological faults or the presence of ground water. 
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coal deposits in Indonesia may not be deep enough to contain
 

the products of combustion or exclude air sufficiently. Such
 

problems should be considered carefully before any work is done
 

because underground fires and subsidence under a rice field
 

can have long-range impacts. My feeling is that this project
 

should be abandoned or be reconsidered in the future. Consider,
 

instead, small-scale gasifiers similar to those used previously
 

for portable gas supplies (28). Ruben Hardy has technical
 

papers describing several such devices.
 

The other proposals in the group relating to non

conventional sources of energy are outside of the coal area
 

and should be reviewed by others.
 

Another document described the coal liquefaction program.
 

This subject is discussed elsewhere in the report as a long

range project. Some components of the liquefaction proposal
 

are also covered in the suggestions for basic work on coal,
 

Training of the
namely exploration, analysis, chemistry, etc. 


chemists and engineers at the research level will lead to larger
 

projects as the professionals develop. Decisions must be made
 

concerning the needs of the Indonesian economy for specific
 

products. With firm objectives technology can meet demand.
 

i e
 



COORDINATION OF COAL DEVELOPMENT
 

Development of the infrastructure for coal utilization
 

is under way. Those responsible for this development phase are
 

well aware of its importance now and in the future. However,
 

it was found that while one agency expressed a need for certain
 

information, it was unaware that another agency had already
 

developed such information. A coordinating committee on coal
 

made up of knowledgeable members representing each concerned
 

group should meet regularly. To be effective, the committee
 

should be limited to five to eight members.
 

About a year ago the need for a coordinating
 

committee was recognized and plans were made for one to be
 

Until now, no action was taken for a number of internal
formed. 


The initial meeting was scheduled for sometime in
reasons. 


Since the committee exists in principle, the
December 1980. 


following ideas are presented from the managerial point of view.
 

In fact, two committees are suggested, each with specific tasks.
 

A coordinating committee consisting of representatives
 

This group,
of coal-consuming agencies should be organized. 


through mutual discussions, should schedule the projects so that
 

material, manpower, sites and utilization are ready when needed.
 

There should be consensus on the timing shown on a network
 

chart so that all of the goals are realistic. Although the
 

subject of a chart was brought up several times, none was ever
 

offered or discussed.
 

It is time to consider a parallel group that will
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advise on the technical application of the new coal-related
 

Besides the group's function as advisors to the
industries. 


committee mentioned above, each expert would have available to
 

him a few recent graduates from Indonesian schools who would
 

learn some of the expertise necessary to function in the com

pleted plant or project. There would be a replacement schedule
 

as trained personnel move to higher positions with their ex

perience. The composition of this second coordirating
 

group would be foreign experts who would remain only long
 

enough to see their phase of the work completed and the person

nel available who can continue. A combustion expert, for
 

example, could help with the selection of designs best suited
 

for the coal being fired and the selection of boiler systems.
 

There are choices to be made because all companies do not
 

participate in foreign trade, train personnel or service equip

ment.
 

The basic concern of both committees would be to be
 

a new power plant would have available the fuel
 sure that, e.g., 


needed and have the composition for which the unit is designed.
 

Commercial enterprises represent a large investment which, if
 

idle, can be very costly. A subsidiary function of these com

mittees would be to train by hands on experience new chemists
 

and engineers in skills needed for middle management. All of
 

the skills discussed here and in other sections of the report
 

require long lead-times in which to develop manpower, equipment
 

Action on these matters must be seriously
and techniques. 


they will not be at the level required when
underway soon or 


the industrial component is in operation. An administration
 

,.
organization on which to build the coordination already exists. 




TECHNICAL INFORMATION EXCHANGE
 

A universal problem in developing countries is the
 

availability of current technical information from countries
 

similar groups devoted to the disseminathat have societies or 


tion of current knowledge. During a discussion at the Geological
 

Survey I learned that there is an active Geological Society that
 

meets annually to present papers and work on cooperative projects.
 

One such current project is the preparation of a coal map for
 

This project will be a subject of discussion at the
Indonesia. 


next meeting.
 

Certainly other technical groups exist, but this matter
 

was not explored in any detail. What was determined, however,
 

was that a lack of current literature exists. A few current
 

book lists I brought to Indonesia were welcomed. There are a
 

few ways of acquiring the current information on research ac

tivities and available literature. One method is for active
 

workers to become members of technical societies abroad. It is
 

not unusual for organizations - companies, governments or
 

libraries - to pay the membership fees for individuals so that
 

the flow of information occurs. Many of the technical societies
 

make the preprints of meetings available free or at low cost.
 

Symposium volumes are usually available to society members at
 

greatly reduced prices. Book lists of relevant literature are
 

usually published by these technical organizations and distributed
 

to the membership, thus saving considerable time in scanning the
 

lists put out by book publishers. A typical list is APPENDIX IV.
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I left behind a list of books that those doing research
 

on coal should have available. Included are some classics,
 

A new
 
some current publications and proceedings of meetings. 


supplement of The Chemistry of Coal Utilization from John
 

Wiley and Sons will be available soon.
 

Another list contained names of coal research centers
 

in the United States that might accept foreign visitors. A
 

tour of research centers is planned and the list may be used
 

as a basis for contacts to be made by US AID or others in
 

planning the itinerary. Included are university research centers,
 

the Department of Energy, and some corporations who are under
 

During the tour it is possible that one or
contract to DOE. 


more scientific meetings relating to coal research will be in
 

progress and attendance can be arranged.
 

The second method of technical information acquisition
 

could be the appointment of correspondents in countries where
 

active research is going on and have them scan the current
 

When an item, article, book or
literature they receive. 


pamphlet seems to be of interest, they can notify their counter-


An alternative
part in Indonesia so that it can be ordered. 


arrangement could be for the correspondent to duplicate or
 

acquire the material of interest and send it to the counterpart.
 

The most important aspect of this proposal is that the acquired
 

information be disseminated to those who need to know in
 

Indonesia, not just stored in a library.
 

One other information exchange problem encountered was
 

Papers worthy of presentation
attendance at technical meetings. 




have been submitted and accepted. Unfortunately, the individual
 

who did the research and wrote the paper was not permitted to
 

attend the meeting. Too often, higher officials remote from
 

the actual work, availed themselves of the opportunity to travel
 

abroad.
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FIRST TARGETS FOR INCREASED COAL USE
 

Power production is the obvious first choice for
 

expansion. As already stated, all of the expansion proposed
 

in Repelita III has waiting customers. The larger generators
 

will be on the island of Java, since it is the most populated
 

and industrialized. Some manufacturing centers are or will be
 

beyond the range of economical transmission of electric power.
 

For these installations a number of packaged boilers are avail

able, units that can be factory-built and skid-mounted. The
 

larger units, of fixed design, may be assembled in the field.
 

Cement plants are also awaiting increased supplies of
 

coal so that they can expand and satisfy their customers. Raw
 

materials are available but it is still necessary to import
 

large tonnages of cement to meet the need (29).
 

Other imported commodities that could be produced
 

in Indonesia, if the energy were available, include brick, tile
 

and lime.
 

It is the tonnage indtstries such as those mentioned
 

above that require large amounts of energy, either directly or
 

Regardless of the energy source the coordination
indirectly. 


of supplier and consumer must be scheduled, especially when
 

there are multiple sources and users at different locations.
 

Distances are critical in Indonesia because of the lack of
 

- truck, rail and
transport and the number of modes required 


ship, in many cases.
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The home cooking market is not to be overlooked. It
 

is potentially large but generally some distance from the
 

energy source. If coal is to be introduced, it may be necessary
 

to cover most of the cost as well as bring the energy source
 

to the users in the form of convenient stockpiles or a
close 


similar mechanism. In some locations (if not being done al

ready) it may be beneficial to teach people how to use a local
 

energy source, such as peat in Sumatra, or coal from previously
 

Although the reserves in a
exploited coal reserves in Java. 


particular area may be small, the population centers are not
 

large and they could be serviced for several years by small
 

mines until a more sophisticated system of energy supply can
 

be developed. The higher technology could supply gas for the
 

larger cities and electricity or smokeless briquets in the
 

rural areas.
 

As discussed earlier, there is a dual benefit of
 

introducing coal and related fossil fuels into the home-use
 

market. Deforestation is reduced and firewood is replaced
 

by alternate fuels. The forests might even regenerate or be
 

suitable for controlled reforestation with selected stands
 

of timber. Furthermore, coal d~rived fuels can be more
 

The second benefit
efficient on an energy per pound basis. 


derives from a reduction in the use of kerosene.
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ENERGY CONVERSION EFFICIENCY
 

One short-term possibility is to make a clean,
 

gaseous fuel, where the presence of ash would contaminate the
 

product. Equipment for this purpose is generally available
 

from several manufacturers of gas producers. But to make
 

high Btu gas or liquid hydrocarbons requires a loss of 50 percent
 

or more of the energy in the coal. In terms of electric power
 

generation, energy to the user is generally 30 to 35 percent
 

of the original source, oil or coal or gas. The advantage of
 

electric power is that its conversion to heat or motive power
 

is very high. Recent values for the efficiencies of coal
 

conversion (30) are:
 

Powdered Coal Combustion 95% 

Solvent Refined Coal 87 

Synthetic Oil 70 

Distillate 63 

Gasoline/Diesel Fuel 55 

Methanol 43 

Fischer Tropsch 37 

Ethanol from Biomass 35 

Electricity Production 32 

There are other statistics of interest to any
 

energy study in the reference article.
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BARRIERS TO APPLICATION OF TECHNOLOGY
 

Despite many studies relating to the implementation
 

of coal conversion into the economy of Indonesia, some problems
 

The highest and lowest levels of management
and gaps remain. 


in the energy structure are reasonably well filled. Likewise,
 

at the young graduate level the dedication and expertise are
 

commendable. It is the middle management level where there is
 

most difficulty in attracting personnel for the tasks that must
 

This problem may be alleviated as the younger
be carried out. 


technical people gain experience and become willing to apply
 

their expertise to the management of programs and projects.
 

One of the implications of the gap described above is
 

the difficulty in communicating results of field developments 
to
 

those who make the political and budgetary decisions. 
Conversely,
 

these same individuals are vital for interpretation of 
decisions
 

from the top echelons to the field.
 

Another barrier to the application of costly technology
 

Mechis the amount of labor available and the low wage rate. 


anization can certainly produce at a high rate and possibly 
re

duce costs, but high employment is also a major goal in Indonesia.
 

There is no good resolution to this Catch-22 situation. 
Ob

viously, the political decision has been made in some cases 
that
 

important and the cost is subsidized
the social problems are more 




54 

or an operation is maintained for some reason--mining is an
 

example. These decisions concerning whether to modernize or
 

not should accommodate the Indonesian culture rather than to
 

impose the way things are done elsewhere. Each situation is
 

different and progress can be made if appropriate technology
 

is applied.
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APPROPRIATE TECHNOLOGY
 

Examples are found in all cultures where local
 

materials are put to good use, often not in their usual con

fuguration. Indonesia is no different. Using an old auto

mobile radiator as a heat exchanger was one device being
 

designed into an experimental gasifier. Manual work often
 

succeeds where elaborate equipment fails, even when the
 

opez:tor is trained adequately. Small is Beautiful, when
 

applied in an appropriate manner.
 

Economy of scale is not always the important
 

factcr in Indonesia. While cost/benefit ratios seem important
 

on a macro-scale, the social/benefit rations may be more
 

important at the micro-level.
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RECOMMENDATIONS
 

Even if the coal research efforts are started at
 

the basic levels - developing analytical procedures, collect

ing samples in mines, coring, etc., there will be no lost
 

effort as development proceeds to more applied levels. The
 

much-needed information on coal will eventually be applied
 

This approach stresses the
industrially on a sound basis. 


importance of growth from within rather than trying to apply
 

known technology from abroad directly.
 

A program must be developed that will study the
 

coals that might be applied to future conversion processes.
 

With this approach, engineers and others concerned with utiliza

tion can have a better understanding of the processes in
 

operation or the new ones coming from the research centers.
 

The goal may be obtained in the following ways:
 

1. 	 Establish an energy research ceater.
 

2. 	 Assemble a staff of engineers, chemists
 

and some from related disciplines, to
 

direct and carry out coal research.
 

3. 	 Expand the exploration capability and
 

concentrate on areas to be developed
 

in the near future.
 

4. 	 Samples should be collected carefully
 

so that the necessary analytical,
 

petrographic and geological information
 

can be correlated.
 



5. 	 Carry out laboratory experiments on the
 

reactions that can take place with
 

Indonesian coals. Catalysis studies for
 

coal conversion and upgrading of products
 

could be part of the coal chemistry program.
 

6. 	 Experimental work should continue on blend

ing of coals to make specialized cokes and
 

smokeless fuels.
 

7. 	 Combustion studies of coal, coal-oil
 

mixtures and coal-water slurries should
 

be emphasized. The neax-term use of coal
 

is combustion and a group should be avail

abie to study problems as they arise in
 

industry, as they will.
 

8. 	 Minimize any effort on liquefaction and
 

gasification until a basis for an expanded
 

program beyond small laboratory experimenting
 

is justified.
 

9. 	 One or two coordinating committees are
 

necessary to establish goals for each coal
 

activity. These groups would also provide
 

the link between the administration and the
 

field.
 

10. 	 The urgency of starting a coal research
 

program must be emphasized. Lead-times
 

for development, design, construction and
 

training are already close to critical.
 

11. 	 Select sites for future energy centers
 

that use local sources of peat or other
 

low-rank coals as their fuel source.
 

A good description of the dilemmas faced by Asia is
 

given in a recent article in "Science" (31).
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"Unless they can discover more
One major solution is that: 


fossil fuel resources within their own borders, they must
 

either incur dangerously growing foreign exchange deficits
 

or slow their economic growth." Indonesia has the potential
 

to meet this criterion.
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MINING AND ENERGY
 

INTRODUCTION 
The mining and energy sector has a very important role in development. It is the main source 

of foreign exchange earnings, it provides the largest part of energy resources, and creates employment 
opportunities. As a source of foreign exchange, the contribution of this sector increased hitrrn 
the Second Five-Year Development Plan, Repelita I1. At the beginninq of Repelita II, 55% of foreign 
exchange earnings came from the mining and energy sector, while at the end of Repelita II. 70% of such 
earnings came from this sector. Even more promising is that now there is more variety in the kinds of 
minerals produced and exported as a result of the success of diversification efforts during Repeita II. 

In addition, a large part of the energy resources utilized in the Indonesian economy originates 
from the mining sector, e.g. crude oil and coal. With the availability of thes, mining products there is no 
need to import energy resources, rather most of the output of these products can be exported. Further 
development in the mining and energy sector proceeded rapidly during Repelita II so that many employ. 
ment opportunities were created. Moreover, because of the very high technology utilized in this secto,, 
the quality of the labour employed in mining and energy is also improving. 

One way of utilizing energy resources is to generate electric power which is needed very much 
in the development of other sectors. During Repelita II the electric power supply showed a promising 
growth. Since the generation of electricity is based on energy resources, electricity development during 
Repelita III will be linked to the .National Energy Policy. 

There is a very large potential for the development of the mining and energy sector, however 
development of this sector also poses considerable and significant challenges and problems Since the 
majority of mining products are for overseas markets, the development of this sector is very much 
influenced by price fluctuations on the world market. In order to lesson the negative influences of 
price fluctuations, efforts to diversify our mineral output will be continued during.Repelita Ill. 

Another problem to be factd is the lack of balance in the use of energy resources. Althougn 
various energy resources are available in great quantities in Indonesia, as yet the pittern of their utiliza
tion is far from balanced. In 1977, 98.8% of the energy consumption was based upon crude oil as the 
fuel, 8.6% used gas and LPG, 0.7% used coal, and 0.9% used water power. Taking into account the 
importance of the role of crude oil exports as a source of Government income in general and of foreign 
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exchvnge income in particular and the fact that this resource cannot be renewed, attempts will be made 
8uriny Repelita III to ensure that our energy economy does not lean so heavily on crude oil only and 
that other energy sources will be utilized as much as possible. 

Electric power is a critical requirement for the achievement of our development targets. 
was an evenAlthough there was considerable growth in electric power output during Repelita II,there 

faster growth in the demand for electric power from the community. Moreover, the present lack of 
balance between the electricity ,:entres and the transmission and distribution networks has resulted in 
an incomplete utilization of the facilities. Also the efficiency of electricity generation is nut yet fully 
satisfactory. 

Based on the above considerations and guided by the State's Main Guidelines (Garis.garis Besar 
Haluan Negara, GBHN) the mining sector's main targets during Repelita III are: to accelerate the develop. 
ment and to improve the managemetit of mines and utiliation of energy resourcei; to carry out an energy 

policy which can give maximum support to national development, taking into special consideration the 
role of the mining sector as the main source of foreign exchange income needed for the financing of 
the development of the Indonesian economy, and tu increase the electric power supply with the 
purpose of increasing urban welfare and to facilitate and motivate economic activities. Therefore, the 
basic target of development in mining and energy is to attempt to realize the second element of the 
three principles of development (Trilogi Pembangunan). i.e. economic growth which constitutes the 
development priority in Repelita Ill. 

A. MINING 
During the last 10 years, the mining sector has shown a very promising development. Due to 

expanded exploratory activities for el:, natural gas and other minerals during Rfpelita I, a number of 
new mining projects were successfully developed during Repelita J11.However, as a result of the world 

econ' nic recession, growth in this sector experienced a decrease during 1975 and 1976. Nevertheless, 

on an ovtrall basis the development of the mining sector achieved two Repelita II targets in mining, 
i.e., diversification and incrvased domestic minaral processing. 

Based on the achievements in Repelita I and II, minirg development in Repelita III will aim
 
to increase oi at least to assure the maintenance of the mineral production life of those minerals which
 
at present already have an internutional market. In addition, further diversification and processing of
 
mineral products will be prom,)ted.
 

1. THE PRESENT SITUATION 

a. Oil and riatural gas 

During the period from 1974/1975 through 1977/1978, Indonesian crude oil production 

increased an average of 8.4% per year. Good market conditions caused this production increase; 

however, during 1978 market conditions deteriorated as a result of the abundant world oil production. 

Crude oil production in J978/1979 is expected to decrease compared with the production of previous 
year. 

Domestic oil refinery capacity, although it was increased by the Cildcap refinery, the construc

tion of which w,,s completed in 1976, is not yet able to meet domestic fuel oil requirements which 

increase annually, Nrticularly kerosene and solar oil rCqUirerlents. At the end of Repelita II, around 

24% of the domestic requirement for oil products still had to be processed abroad. 

The production of natural gas was also successrully increased during Repelita II. Natural gab 

is utilized domestically in liquified form and also as the raw material for the manufacturing of urea 

fertilizer. The increase in domestic utilization of natural gas was mainly due to the completion of the 

PUSRI III and PUSRI IV expansions to the fertilizer factories in Palembang and Pupuk Kujang and 

the Krakatau Steelworks in west Java. (-C 
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TABLE 1
 
CRUDE OIL PRODUCTION
 

1974/75 - 1978179
 

(millions of barrels) 

Year Production 
1974/1975 485,5 
1975/1976 498,0 
1976/1977 568,3 
1977/1978 616,0 
1978/19790) 587.0 

*1Estimate 

TABLE 2
 

PRODUCTION AND UTILIZATION OF NATURAL GAS 
1974/75 - 1978/79 

(billions of cubic feet) 

Year Production Utilization ") 

1974/1975 206,2 24,2 
1975/1976 239,2 27,4 
1976/1977 344,4 76,8 
1977/1978 633,3 197,4 
1978/1979 813,6 459,2 

") 	Not including gas utilized in the field for oil 
production purposes. 

b. 	 Coal 

The mining of coal in Indonesia declined from 1960 through 1973 as a result of a declining 
domestic market. However, as a consequence of the oil crisis at the end of 1973, the prospects for 
coal development, which were previously disheartening, underwent a rapid change. Since then. the 
possibility of developing coal on a large scale has come under consideration with the objective that 
coal might replace crude oil in certain uses. With the cortinuous increase in the price of oil, it is 
apparent that the prospects for coal redevelopment and re utilization on a large scale, for instance as 
the fuel for electric and industrial power generation, are improving. 

In 1974 steps were initiated to maintain and gradually increase the production capability of 
the Ombilin and Bukit Asam mines. At the end of 1976 it was confirmed as Government policy that 
first priority should be given to coal for electric power generation and new industrial pu~poses. 

The above developments meant that coal mining activities both in Bukit Asam andOmbilin 
could be gradually increased. Coal production in the final year of Repelita II had increased by more 
than 45% compared to the first year. 

At this time it was definitely kno .vn that the coal reserves in the Bukit Asam mine amounted 
to around 100 million tons, which could be worked as an opeo pit mii,e in the area of Air Laya. 
Out side Air Laya, the amount of low quaiity coal reserves in south Sumatra are estimated at about 
10 billions tons - a great potential for meeting our energy requirements in the future. 
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The size of the coal reserves in the mining area of Ombilin is not definitely known. At 

present exploration activities are still being continued. The greatest part of the coal reserves of this 

area is located in deep seams, so that only underground' mining is feasible. 

In addition to those in South and Weft Sumatra, considerable potential coal reserves are also 

known to exist in east and south Kalimantan. These last two areas still need to be in istigated further. 

c. Tin 

Tin is our main metal mineral commodity, and is the second largest earner of foreign exchange 

after crude oil. It is characterized by a reasonably stable production development as long as the market 

does not weaken. To prevent a continuing price decline the International Tin Council implemented a 

limitation on tin exports for member producer countries in 1975 and 1976. 

In 1977 the tin market improved. This provided a motivation to improve production facilities 

and to expand exploration activities, so that in 1978 Indonesian tin production increased. With the 

completion in the middle of 1975 of the expansion of the tin smelter in Mentok, Bangka, with a 

production capacity of 33,000 tons of tin per 1,ear, all Indonesian tin con entrate could be domestically 

smelted starting from 1976. In the first year af Repelita If the production of tin concentrate and tin 

were 24,800 and 15.000 tons respectively. Ety the end of Repelita II these figures had increased to 

28,000 and 27,000 tons respectively. 

d. Nickel 

With the completion of the nickel processing facilities at Pomalaa in 1975 and in Soroako in 

the beginning of 1977, during Repelita II, Indonesia has started to produce and export ferronickel 

from Pomalaa and nickel matte from Soroako in addition to the export of nickel ores. 

Ore production during the past five years has shown a considerable improvement, while ferro. 

nickel has been produced at factory capacity. With the world market nickel price decline, the nickel 

matte operation in Soroako was halted and it was only possible to initiate exports from that project 
at the beginning of 1978. 

Meanwhile, the large scale exploration carried out in Gebe island, north Maluku and in the 

Waigeo islands, and Gag island in Irian Jaya has resulted in the discovery of laterite nickel ores in 

great quantities. The feasibility study of nickel ore mining and processing in Gag island concluded 

that the project has good technical and economic prospects. However, the large capital requirements 

and the nickel price decline on the world market over the last 2 years have caused the execution of 

the development to be temporarily postponed. 

e. Copper 

The only producing copper mine, with an output of concentrate, is located in Gunung Bijih, 

Irian Jaya. This mine has a concentrate production capacity of about 225,000 tons or around 65,000 

tons of copper metal per year. Due to the slumping copper market since 1975, production during the 

last couple of years has not achieved capacity levels. 

f. Bauxite 

Although bauxite is widely available in great quantities in the Riau Islands and in West 

Kalimantan, at present bauxite mining in Indonesia is limited to high grade ore deposits in Bintan 

island and its surrounding area. the output of which is exported. Bauxite production and export 

during the last couple of years has been quite strong. 

A study ha; been carried out on the possibility of utilizing low grade bauxite ore for domestic 

production of alumina which would be used as a raw material for the aluminum smelter project at 

Asahan, north Sumatra. 
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Duritig Repelita it, the production of minerals such as gold and silver, iron sand, manganese, 
granite, and natuTI asphalt did not grow. 

g. Other minerals 

Mining of non-metallic minerals like kaolin, quartz sand, marble, etc. isdone on a small scale 
in various parts of Indonesia. The limited and sometimes irregular demand in the domestic market 
has made it difficult for these mineral enterprises to develop. It isdifferent with enterprises producing 
building materials such as lime for making cement, etc.; clay for making bricks and roof tiles; volcanic 
trass for bataco bricks, etc. Enterprises producing these materials have been expanding considerably 
in various locations, many of them developing as small-scale industry or rural industry activities. 

2. POLICY AND STEPS 

As the main source of foreign exchange earnings and of energy resources, the mining sector 
plays an important role in the achievement of development targets. With the expansion of development 
activities in all sectors, the need for both foreign exchange and energy resources to carry out develop. 
ment will increase. 

To meet these requirements, the main development target of the mining sector is to attempt 
to increase the output and improve the management of mineral and energy resources. To achieve this 
target, a number of policy steps will be taken. First, attempts will be made to assure the continuity 
and to increase product;on of minerals which already have an International market. In addition, programs 
to diversify production and increase processing of mineral commodities will be continued and promoted. 

Efforts to develop energy resources, especially oil, natural gas and coal, which constitute 
strategic commodities for the support of long term national development and the welfare of the nation 
will be given first priority. The development and utilization of arternative energy resources, e.g. geo
thermal heat, will be promoted in the attempt to diversify energy resources. These develupment 
efforts will be adjusted to the general policy concerning energy and fuel. 

To support the efforts to achieve the mining sector's main targets, steps already taken in 
Repelita II will be continued and developed, e.g., resource inventory, mapping, exploration and invest
ment in the exploitation of mineral and energy resources. In addition, the development of. mining 
technology will continue, including studies vf mineral deposits and the processing of various kinds of 
minerals. 

In the programs for the development and management of mneral and energy resources, the 
maintenance of the life supporting environment and the strong possibilities for integrated regional 
development will be taken into consideration. Furthermore, the development of mining and employ. 
ment agencies which deal with studies, investigations, education and tiaining will be promoted in line 
with progress in science and technology and demands for national development. 

The basic economic characteristics of mining include high risk long gestation periods, advanced 
technology, and capital intensive. Therefore, until domestic capital and technological capability are 

sufficient to carry out large-scale mineral operations, the development of mining enterprises will 

utilize the possibility of foreign capital participation. However, the development of national mining 

enterprises will still be continued. The main weakness in this sub.sector the availability of capital can 

hopefully be solved gradually through the willingness of private national businessmen to mine through 
joint venture enterprises with foreign private concerns. In this connection, guidance will continue to 
be given during Repelita III to Indonesian entrepreneurs, especially in the technical and management 
fields, so that national private concerns can take, as soon as possible, an active part in the efforts to 
develop the mining sector. 
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To this end, an organized, directed guidance program will be established to promote the 
capability of the national private mining business in general by means of mining projects which can 
be easily developed, particularly the mining of non-metallic minerals which already have a strong 
domestic market position. Similarly, small-scale mining activities will continue to be developed. It is 
recommended that mining activities, conducted by private national as well is by small-scale mining 
enterprises operating in the same business and the same area, should be me,~nd into a cooperative. 
This will facilitate the guidance and development efforts which can be given by the Government and 
foster the growth of these activities. 

To enhance the business world in the mining sector, licences will be reviewed, both as to 
their content and as to the procedures to obtain them. Licences provisions which are no longer in 
conformity with policy objectives will be reworked, whereas licence procedures will be simplified 
to speed up services-and to give certainty to the business world. 

Licence fees will also be reviewed. Fees which are a heavy burden on the business world 
will be cancelled. The result of this review of the licensing process should be to expedite and increase 
the efficiency of the development of business activities in the mining sector. 

Meanwhile, the development of state-owned companies in this sector will be further encouraged 
so that they will be well managed in accordance with economic principles which are sound, efficient, 
and economical. Thus they will be able to augment the State's revenue and their services to the 
community will be promoted. Furthermore, state-owned enterprises, as components of the state 
apparatus, should actively participate in maintaining the effectiveness of the Government's policy 
program to develop the economically weak business world, to achieve economic stability, and other 
economic policies. 

3. PRODUCTION 

Oil and Natural Gas 

The production program during Repelita III covers exploration activities, crude oil production, 
natural gas production and utilization, crude oil processing and natural gas refining, marketing and 
domestic distribution of fuel oil (BBM) and the export of crude oil and oil products. 

In order to obtain the necessary level of reserves, oil and natural gas exploration activities 
will be further increased. The probability of discoveries of new reserves through increased exploration 
is quite good. 

During the first two years of Repelita III, it is expected that Indonesian crude oil production 
will be lower than the output of the last year of Repelita I. This, among other reasons, is because in 
general a large part of the fields controlled by Pertamina and the "Contract of work" companies, and 
oil fields will be experiencing a natural decline in rate of production. 

In addition, the world economic recession and the delaying tactics adopted by foreign oil 

companies in the face of contract renegotiations with the Government and Pertamina. and the additional 
problem of possible double taxation for U.S. companies raised by the IRS issues, adversely influenced 
exploration activities in 1975 - 1977. 

Starting from the third year of Repelita Ill, it is hoped that crude oil production will begin to 
increase again and continue to do so until the end of Repelita Ill. This will be made possible by the 
increase in the "secondary recovery" efforts in fields both on land and offshore which will be encouraged 
by the incentives given by the Government for oil produced through secondary recovery programs. 
In additon, it can be expected that there will be additonal oil resulting from maintenance and 
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continuing work done on old wells. In new fields it is expected tijat operational activities will con
tinue to expand due to the incentives given to oil produced from new fields. 

It is estimated that oil operational activities will increase generally, more especially in view 
of the possibility of world oil shortages at the end of the 1980. As we approach that period it is 
expected that the price of oil will become sufficiently attractive for foreign oil contractors to enhance 
their commefcial efforts in Indonesia, specially in operating oil fields and reserves which are difficult 
to reach. 

Oil fields where exploration was completed during Repelita II but which could not yet be 
developed because their reserves were insufficient of their access difficult may get a more positive 
evaluation during Repelita IIIwhen the price of oil has increased. 

TABLE 3
 

ESTIMATE OF CRUDE OIL PRODUCTION 
1979/80 - 1983/84 
(millions of barrels) 

Year Amount 
1979/80 582 
1980/81 572 
1981/82 604 
1982/83 640 
1983/84 668 

Natural Gas production and utilization 

Estimated natural gas production during Repelita III is shown in Table 4. Natural gzis 
production, of both "associated" and "non.associated" gas, will in general be utilized for projects 
which are especially built to utilize either of these two types. With the completion of the LNG 
projects at Bontang and Arun each of which processes "non.associated" natural gas, a possibility will 
be opened for using "associated gas" from the oil fields which are situated close to the two LNG 
facilities. In addition, natural gas is also utilized as fuel for various industries like cement, as raw 
materials for the fertilizer industry, and is used in the iron ore reduction process in the Krakatau Steel 
steel mill. Natural gas is also utilized by the State Gas Company to fill household requirements. 

*Although at present the supply of gas to the P.T. PUSRI urea fertilizer plant in south Sumatra 
is sufficient, drilling of new wells is still needed to increase the gas supply if required. This acti'ity 
will be completed by the installation of the gas pipe collecting network. Additional gas supplies ;ire 
also planned to meet industrial requirement in east and west Java. 

TABLE 4
 

ESTIMATED GAS PRODUCTION 
1979/80 - 1983/84 

(billions of cubic feet) 

Year Total 

1979/80 1,019 
1980/81 1,013 
1981/82 1,049 
1982/83 1,578 
1983/84 1,595 



(Millions of barrels) 
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TABLE 5
 
ESTIMATED GAS SUPPLY TO BE UTILIZED AS RAW MATERIAL
 

AND FUEL FOR INDUSTRIES AND HOUSEHOLDS
 
1979/80 - 1983/84
 

(Billions of Scf)
 

Year Total 

1979/80 595 
1980/81 627 
1981/82 693 
1982/83 1,175 
1933/84 , 1,178 

Processing of Crude Oil 

Parallel to the population growth, the domestic requirement of fuel oils (BBM) will continue 
to increase. It isgoing to be difficult to obtain a balance between this expanding requirement, and the 
current domestic refinery capacity because, in addition to their ageing-condition, their pattern of process. 
ing output does not conform any longer with the domestic consumption pattern of fuel oil. In order 
to solve this problem, It will be necessary to import fuel oil and to increase crude oil processing through 
agreements overseas. 

During the first period of Repelita III crude oil processed in the domestic refineries will 
amount to approximately 370,000 barrels per day, i.e. almost the same level as at the end of Repelita 
II. Starting from the fourth year onwards, with the plan to construct new refineries and to expand 
existing refineries, it is expected that domestic crude oil processing can be increased. 

The Dumai refinery expansion with the addition of a hydrocrackin§ unit with a capacity of 
85,000 barrels per day is planned to process "low sulphur waxy residue" (LSWR) into fuel products. 
The new refinery on Batam Island which will have a hydrocracking unit with a capacity of 200,000 
barrels per day is intended to process Minis and Kuwait crudes, while the expansion of the Balikpapan 
refinery with a capacity of 100,000 barrels per day is planned to process the Kalimantan crude oil. 

TABLE 6
 

ESTIMATED CRUDE OIL PROCESSING
 
1979/80 - 1983/84
 

(thousands of barrels)
 

Domestic Refineries Processing 
Year (including imported Agreement 

crude oil) 

1979/80 133,000 32,900 
1980/81 135,000 32,900 
1981/82 137,000 32.900 
19821/83 149,700 2 
1983/84 221,300 

In the first and second year of Repelita Ill, the requirement for crude oil to be processed 
will amount to 460,000 barrels per day, including the crude oil processed overseas which amounts 

.to 90,000 barrels per day. In the fifth year of Repelita III the capacity of domestic oil refineries will 

( 01 
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increase to 610,000 barrels per day, including processing at the new refinery on the Batam Island and 

the Balikpapan refinery expansion. 

The product mix from domestic refining as shown in Table 7 and the import of oil products 

as shown in Table 8 are those necessary to meet domestic requirements. The processing by-products, 

among others naphtha end LSWR, are planned for export. Some of the naphtha could be utilized as 

raw material for the domestic petrochemical industry in an aromatic centre project. 

Milling of Natural Gas 

In Repelita III the utilization of natural gas which is processed into liquified natural gas (LNG) 

will continue to increase. An increase in LNG production in 1982/83 and 1983/84 will be made 

possible by the completion of the construction of 2 additional trains for the Badak Liquifaction 

facility and 3 additional trains for the Arun gas facility. 

TABLE 7 
ESTIMATED DOMESTIC PROCESSING PRODUCTS* 

1979/80 - 1983/84 
(thousands of barrels) N un-Ptrol um 

Petroleum Fuel Products Fuel Products 

Oil for Oil f0 Gasoline/ Diesel for Diesel for o
 
Year Turbo Jet Naphtha Kerosene transporta. Industry
 

Engines Engines tion 

26,980 35,420 21,400 7,860 14,140 51.240 2,4001979/80 130 
7.860 14.410 51,240 2,4001980/81 120 - 26,980 35,420 21,400 

1981/8, 120 - 26,980 35.420 21.400 7,860 14,410 51,240 2.400 

1982183 120 - 27.930 43,920 23,590 8,440 16,070 17.740 4.320 
51.160 8.440 23.150 17,740 10,6601983/84 110 - 54,220 53.020 

Including the result of "processing agreements" of 1979/80 - 1981/82 
Resin which contains wax and low.content sulphur 

Meanwhile, it is estimated that production of liquified petroleum gas (LPG) will be lower, as 

seen in Table 9. This is due to the decrease in the associated gas production from the west Java 

offshore fields as cl in those fields declines. 

Domestic Marketing and Distribution of Petroleum Fuels 

Until the end of Repelita III Petroleum fuel will still be the main commercial energy resources 

for Indonesia, although the utilization of other energy resources will start to be actively developed. The 
requirement for fuel oil during Repelita III is expected to increase steadily by 10% per year on ,, -age 

(see Table 10). The domestic LPG requirement during Repelita III is projected to increase as much 

as 16% per year (see Table 11). 

In order to increase the efficiency of fuel oil services and distribution, the development, 

improvement, and maintenance of distribution network facilities and oil storage tanks throughout 

Indonesia should be by means of both sea depots and land depots. Moreover. addititonal new tankas 

well as replacements for a number of old tanks are necessary for the sea depots. New sea depots need 

to be built in order to increase storage capacity in large harbour districts, i.e. 1. Jakarta. with an 

additional capacity of approximately 150,000 kl. to be built in 1983; 2. Semarang, with an additional 

capacity of approximately 60.000 KI. to be carried out in 1981; and 3. Surabaya, to support the 

Tanjung Perak and Bandaran depots, with a capacity of 100,000 KI. which will be carried out in 1981. 
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TABLE 8 

ESTIMATED OIL PRODUCT IMPORT 
1979/80 -1983/84 

(thousands of barrels) 

Petroleum Fuel Types 

Year Oil for Jet Gasoline Kerosene HSD* Diesel for Fuel oil
Engines Industry 

1979/80 3,800 - 8.100 18.300 950 J,020 
1980/81 4,110 - 10,700 22,750 1,640 8,570 
1981/82 4,500 590 13.540 27.320 2,490 12.300 
1982/83 4.740 2,400 7.960 30.070 2,540 14.570 
1983/84 5,320 - 2,020 8,150 3.160 12,480 

Diesel for high speed engines 

TABLE 9
 
PROJECTED NATURAL GAS PROCESSING
 

1979/80 - 1983/84
 

LNG LPG 
Year (millions of tons) (thousands of tons) 

1979/80 6,0 524.0 
1980/81 7,5 524.0 
1981/82 7.5 463.0 
1982/83 10,2 402,0 
1983/84 13,9 402,0 

TABLE 10 

ESTIMATED OF PETROLEUM FUEL REQUIREMENTS$ 
1979/80 - 1983/84 
(thousands of barrels) 

Petroleum Fuel 

Year 
Oil for 
Turbo 

Oil for 
Jet Gasoline Kerosene HSD "•  

Diesel for 
Industry Fuel oil 

Engines Engines 

1979/80 130 3,800 22,710 43,520 39,700 8,810 19,160 
1980/81 120 4,110 25.000 46,120 44.150 9,500 22,710 
1981/82 120 4,500 25.570 48,960 48,720 10,350 26,440 
1982/83 120 4,740 30,330 51,880 53,660 10,890 30,640 
1983/84 110 5.320 33,410 55,040 59,310 11,600 35,630 

* Including requirements for aircraft fuel international bunker and refinery usages 
' Diesel for high speed engines 
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TABLE 11 

ESTIMATED LPG REQUIREMENTS 
1979/80- 1983/84 

(Tons) 

LPG 
Year Requirements 

1979/80 58,000 
1980/81 68,000 
1981/82 73,000 
1982/83 90,000 
1983/84 - 105.000 

Apart from the above large projects, new sea depots need to be built to increase the storage 
capacity in the ports of Padang, Sabang, Sibolga, Lhok Seumawe, Kertapati, Jambi, Pontianak, Cilacap, 
Banjarmasin, Samarinda, Tarakan, Kupang, Ambon and Sorong. Also, for expansion of the distribution 
network, new depots need to be constructed in Meulaboh, Tanjung Balai, Bengkulu, Singkawang, 
Ketapang, Palangkaraya, Pacitan, Camplong, and Banjarbaru. Besides the new developments above, a 
depot will also be built in Ampenan to replace the old one. 

Inorder to serve the needs in the island districts, improvements in storage tank capacities at the 
land depots will be made during Repelita Ill, i.e. at Pematang Siantar, Kisaran, Baturaja, Sukabumi, 
Tasikmalaya, Lahat, Solo, Tegal, Maos, Rewulu, Kediri, Madiun and Jember with total capacity of 
60,500 KI. 

Improvement of fuel oil domestic distribution and supply will still require various additional 
means of transportation, e.g. oil tank carriages, tank cars/trucks, oil pipelines, tanker ships, etc. ; 
also infrastructure facility additions and expansion in the form of oil ports, gasoline stations, dock 
facilities, bunker facilities, telecommunications equipment, etc. 

Crude Oil Export and Oil Products 

On the whole, annual crude oil exports during Repelita III are not expected to show amarked 
increase. This is because the part of the production to be processed for domestic fuel oil supply will 
increased rapidly. 

To safeguard crude oil exports, various steps will be taken. Until now, Japan and the west 
coast of the United States have been the main Indonesian oil market. Attempts will be made towards 
market diversification to other countries, as well as the possibility of increased sales to other south
east Asian countries 

Development of Petrochemical Projects 

In order to bring about the maximum improvement in the utilization of oil and natural gas, an 

effort will be made to develop four petrochemical industries as joint ventures, i.e.: the Olefin Centre 
Project, the Aromatic Centre Project, the Methanol froject, and the Carbon Black Project 

The above projects have significance, not only for the supply of raw materials for domestic 
industrial requirements, but also as export products. 

The 4 projects are planned as follows: 

1) The Olefin Centre Project 
The Olefin Centre Project will produce raw materials for the plastic industries.* The project's 

raw material will be ethane extracted from natural gas from the Arun field in Aceh or from condensates. 
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In addition to meeting domestic requirements, a part of the olefin centre output will also be utilized 
for export. The project is planned to be built in Arun, Aceh, with an ethane extraction capacity of 
450,000 tons/year ethane and an ethane cracking of 350,000 tons/year ethylene output. It will produce 
120,000 tons LDPE products/year; 60.000 tons HDPE products/year; 60,000 tons/year MEG products 
(for polyester) and 15,000 tons PS/year. 

2) The Aromatic Centre Project 
The Aromatic Centre Project will produce raw materials for the domestic textile industry, i.e 

for synthetic polyester fibres (PTE) and nylon fibres (N6). Polyester ismade of IMT and MEG, whereas 
N6 is made of cdprolactam. The aromatic centre raw material will be naphta or condensate. 

It is planned to build the aromatic centre in Plaju with the following capacity: benzine; 453,000 
tons/year, and paraxylene: 100,000 tons/year; it will produce the following cyclohexane: 62,000 tons/ 
year, and IMT: 100,000 tons/year. Benzene will be utilized to make PS (olefin centre), and also as 
the raw material for cyclohexane which will be further processed into caprolactum, and the remaining 
amount can be exported. 

The aromatic centre will be related to the olefin centre by the availability of PS and MEG 
products from the latter. Caprolactum facilities are planned to be constructed in Gresik. 
3) The Methanol Project 

It is planned to build the Methanol Project on Bunyu island. It will produce chemical methanol 
for domestic requirements and also for some exports. The raw material will be domestic natural gas 
which has not been utilized before. Chemical methanol can, among other uses, be utilized as raw 
material for the production of IMT (textile material), plywood glue, solvent, pharmaceuticals, etc. To 
date the entire methanol requirement has been imported. The planned production capacity of the 
Methanol Project is 1,000 tons/day. 

4) The Carbon Black Project 

Carbon black is utilized' for the tire industry, colouring materials and printing ink. The raw 
material for this project is called waxy residue. The Carbon Black Project is planned to be built in 
Dumai or Sei Pakning with a carbon black production capacity of 15,000 tons/year. 

Coal 

In line with the energy policy to develop and utilize non-oil energy resources, from the later 
part of Repelita II steps have been taken to redevelop coal mining in Bukit Asam. in south Sumatra 
and Ombilin in west Sumatra. Exploration has proved the availability of coal reserves in a sufficiently 
large volume in Bukit Asam and these will form the basis for a mine development with a production 
capacity of 2 to 3 million tons a year. Exploration in Ombilin has not yet been fully completed, and 
will be continued in Repelita Ill. Apart from these sources, the availability of lower calory coal reserves 
in great quantities, more than 10 billion tons, in south Sumatra has been confirmed by the exploration 
which was carried out in Repelita II by foreign contractors. 

The plan to re-utilize coal on a big scale will be coordinated with the plan to develop new 
steam power plants (PLTU) which will utilize coal as fuel. It is expected that the first big coal fired 
PLTU will be completed in Suralaya, west Java, but only towards the end of Repelita Ill. Meanwhile, 
coal will be utilized domestically in limited amounts in cement factories, carbide factories, coke factories, 
etc.; while efforts will be made for old consumers to stick to coal and if possible to increase their coal 
consumption. 

In addition, attempts will be made during Repelita III to obtain overseas markets for coal, 
especially in Asian countries (Bangladesh, Japan, Singapore, Taiwan, etc.). In this connection, the 
Ombilin mine which has relatively good quality coal will find overseas markets more easily if production 
and transportation costs can be brought down to areasonable level. 
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With the market as described above, it is hoped that Ombilin and Bukit Asam coal production 
can be increased phase by phase during Repelita Il1. 

TABLE 12
 
ESTIMATED COAL PRODUCTION
 

1979/80 - 1983/84 
(thousands of tons) 

Bukit Asam Ombilin 
Year Production Production Quantity 

Unit Unit 

1979/80 250 220 470 
1980/81 270 275 545 
1981/82 300 350 650 
1982/83 425 600 1,025 
1983/84 505 750 1,255 

In order for an increase in coal production to be achieved according to the above plan, in 
addition to the rehabilitation of existing mining equipment, new equipment will also be needed. Phased 
development is needed not only to meet market requirements, but as preliminary steps to prepare the 

development of the coa! enterprise for the very large.scale expansion which is expected to be carried 

out in Repelita IV. 
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Tin 

In Repelita III tin pr(.'j jction is expected to increis steadily as a result of exploration and 

development activities and the rhabilitation of tin mining Tc-lities which was carried out in Repelita 

II. In addition to the stzte 0 ejr..d eneterprise, PT Tamban -inah, which is the largest producer, there 

are thre, private foreign comparies which are also mining vr tin in Indoc.esia. 

With the continuoui de .line of reserves on land, tin r ning activities will move more and more 

to offshore areas in the coming years, and thus mining wi' become increasingly more difficult and 
expensive. In order to assure the (.ontinuity and development i' the enterprise, exploration will continue 

in order to discover new reserves. Furthermore, old or bru,-n equipment will be replaced or rehabil. 

itated and there will be additions of new equipment. Parii-. arly for the purposes of mining reserves 
in water depths of between 30 dnd 40 meters, the constru.-on of new dredgers able to dredge ores 

from those depths is still needed, A number of new open ni"es on land will be established, and with 
the reduced availability of seconfddry tin reserves, primary t,r eserves will start to be developed, either 

through open pit mines or unds.,ground mines. 

TABLE 13 
ESTIMATED PRODUCTION OF TIN-.N-CONCENTRATES 

1979/80 - 19831.4 

(tons) 

year Quantity 

1979/80 32,775 
1980/81 33,744 
1981/82 34,385 
1982/83 35,583 
1983/84 36,611 

To improve commercial results, efforts will be made = increase the "recovery" of various kinds 

of associated minerals which exist together with the tin rtserves, for example monianize, xenotim 

wolframite, tantalum, columbium, etc. 

So that the entire production of tin ore can be i.-elted domestically, a program will be 
implemented to expand the PELTIM tin smelter in Mentok, =jngka. 

TABLE 14 

PRODUCTION PLAN OF TiN METAL 
1979/80 - 1983/84 

(tons) 

Year Quantity 

1979/80 30,291 
1980/81 34,351 
1981/82 34,684 
1982/83 34,649 
1983/84 35.379 

The greater part of Indon'sian tin production will be exported and orly a small part of it will 

be marketed domestically. 
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TABLE 15 

ESTIMATED INDONESIAN TIN EXPORT 
1979/80 - 1983/84 

(tons) 

Year Ouantity 

1979/80 29.791 
1980/81 32,801 
1981/82 34,109 
1982/83 34,074 

1983/84 35,379 

TABLE 16 
ESTIMATED DOMESTIC TIN MARKETING 

1979/80 - 1983/84 
(tons) 

Year Ouantity 

1979/80 500 
1980/81 550 
1981/82 575 
1982/83 575 
1983/84 625 

Nickel 

The exploration for nickel ore during Repeita I and Repelita II proved the av.Iab;lity of 

potential nickel ore reserves of a very consideraLle size in south and southeast Sulawesi, north sMaluku, 

especially in Gebe island, and Gag island, Waigeo island, and the surrounding area. 

PT Aneka Tambang iscontinuing its nickel ore feasibility study and exploration in Gebe island 

in order to determine the possibilities for minintj and export to Japan. 

Meanwhile, it is estimated that production will amount to 1,200,OOC, tons per year, and an 

increase in exports is expected because of better market conditions, i.e. from 800,000 tons at the end 

of Repelita II to 900,000 tons. 

With the expectation that by the end of Repelita III the nickel market will again be good, 

studies have beer carried out since 1978 with regard to the possibility of expanding the production 

capacity of the Pomalaa ferronickel smelter, this would be implemented by PT Aneka Tambang. 

The construction of a "nickel matte" mill in Soroako, which has fallen behind schedule as a 

result of the slackening of nickel market, is expected to be completed and to achieve full capacity 

production in the third year of Repeita Ill. 

TABLE 17 
NICKEL MATTE PRODUCTION AND EXPORT 

1979/80 - 1983/84 
(tons) 

Year Production Export 

1979/Pr) 22,700 22,700 
1980/ A 38,600 38,600 
1981/82 47,600 47,600 
1982/83 47,600 47.600 
1983/84 47,600 47,600 
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Bauxite 
Indonesian bauxite production and exports from mining interprise in Bintan Island in Repelita 

III are expected to maintain the same level as during Repelita II, that varies from 1.1 million tons to 
1,2 million tons. 

Meanwhile, the reserves of export quality bauxite in Bintan Island are no longer so large. To 
deal with this problem, it is currently planned to process low quality bauxite into alumina to serve as 
raw materipl for aluminium smelter project at Asahan. If the price of the alumina products are 
competitive and reasonable, bauxite, production in Repelita III will increase from 1.1 million tons to 
2.7 million tons. 

Meanwhile it is estimated that the aluminium scielter project will start production which by 
the end of Repeita III amounting to 225 thousand tons of aluminium metel. 

Copper 

The decline of copper prices durirg the last few years has had a negative effect on the copper 
mining enterprises at Gunung Bijih, Iripn Jaya. The ore reserves for open pit mining have become very 
thin, so that further operations will be in the form of underground mining of reserve in the Gunung 
Bijih Timur area. 

If the copper market improves during Repelita Ill, the plan to mine the reserves in Gunung 
Bijih Timur can be carried out with a production target of 225.000 tons per year copper concentrate 
during the period of 1979/80-1983/84 with a copper contert of more or less 31.0%. 

Other Minerals 

Other minerals which stil now have been produced only in small amounts are silver, gold, 
iron sand and manganese, apart from various non.metallic or industrial minerals which are utilized by 
domestic industries. 

In Repelita Ill, continued production of gold and silver is expected from the Cikctok yold 
mine in west Java where up to now regular mining has taken place. During Repelita III an effort will 
be made to process lead and zinc which are available together with gold and silver ores in Cikotok, and 
which so far have .,ot been processed. In the period 1979/80 - 1983;84 the Cikotok gold mine will 
tave an estimated production of 160 kg and 3,500 kg. per year of gold and silver respectively, while 

the production of lead and zinc is estimated at 600 tons and 750 tons per years respectively. 

The export of iron sand to Japan was ha!ted at the end of Repelita IIbecause the amount was 
too small and proceeds were no longer in balance with production costs. Therefore, iron sand mining 
in Repelita III will only be directed to fill the requirements of domestic cement factories. 

Manganese, although it is an export commodity, does not as yet have astable production due 
to the characteristics of the reserves, which in general are small in size, widely distributed, and irregular. 
In Repelita III attempts will be made to mining the manganese reserves in west Java with an estimat
ed production of 30,000 tons/year on average. 

Granite, has recently been regularly quarried on Karimun island in Riau province. A part of 
its production will be exported to Singapore and Malaysia, and the remainder will be marketed domestic. 
ally. 

In addition to the above minerals, mining activities also produce other minerals which have a 
reasonably significant importance for domestic economic activities, Insufficient statistical data and the 
dispersion and irregular of the r.itcrprises have prevented the preparation of a naticnal production 
estimate, especially as often this mining is carried out only at certain times or seasons or only when 
there is a requirement for some development activities in the area concerned. Lime and various kinds 
of clay and sand, will be produced in great quantities during Repelita III for the purposes of manufactur
ing cement, coal, roof tiles, and various other development requirements. The production of other 
non-metallic minerals will also include volcanic trass, marble. quart.sand, kaolin, sulphur, natural 
asphalt, etc. 
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City Gas 

The distribution of gas for small industrial purposes and city gas is carried out by the State 

Gas Company (PNG) which has 8 units, one each in Medan, Jakarta, Bogor, Bandung, Cirebon, 

its total business PNG possesses a pipe network ofSemarang, Surabaya, and Ujung Pandang. For 

± 924 km. Pait of the gas distributed is artificial (made from oil and/or coal) while the remainder is 

derived from natural gas. 

The gas enterprise development plan for small industries and city gas in Repelita III will 

pla,.e pieater emphasis on the distribution of natural gas. In this connection the following development 

activities will be carried out: 

a. expansion of gas production and distribution in Jakarta and Bogor by distribution natural gas from 

the Cimalaya-Cilegon main pipeline, via the Cimanggis7-Jakarta transmission and the Jakarta-Bogor 

interconnection; 

b. completion of the gas network to Medan and its surrounding area from the natural gas field of 

the Wampu river, including that piped for PLTU in Belawan. 

c. 	 investigation of the possibilities of piping'natural gas from the Cepu and Poleng fields (in the offshore 

north of Madura) for the gas network of Surabaya and its surrounding area;area 

d. investigation of the possibilities of supplying gas to Palembang by utilizing the surplus pipe

line capacity to the PUSRI fertilizer factory. 

Studies of the possibilities of utilizing Ombilin coal for manufacturing coke and gas supply 

for the Indarung and Padang Cement Factory will be continued in the hope of meeting the domestic 

requirement of coke which still has to be met by imports from abroad. 

TABLE 18 

ESTIMATED GAS SALES 
1979/80 - 1983/84 

(millions of cubic feet) 

Year 	 Guantity 

1979/80 2.220 

1980/81 6.595 
1981/82 8,180 
1982/83 14.885 

1983/84 19.045 

Supporting activities 

In order to implement the mir;r.g sector's development plan which is in part presented in 

and adequate means of Governmentthe above production programs, a harmonious business climate 

administration are required. In this connection, the capability of the Government apparatus will be 

improved so that it can motivate and support the planned development activities on one hand, and on 

the other hand give better guidance and supervision of the development process itself. 

The attempts to improve the capability of the Government apparatus are embodied in the 

supporting programs which include personnel and material aspects, and various means of administration, 

investigation and development. 
to improve skills and expertiseThe activities in the personnel field will include programs 

through training and education, both in or outside the country. This effort will not be limited to special 

fields of expertise or to certain levels of rank or position, but will be carried out in all fields and at 

for the smooth execution of development.all levels considered necessary 
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The supporting activities in the material field will include rep;acement and addition of work 

equipment and apparatus, i.e. expansion and addition of buildings and laboratory equipment, means of 

transport both for field work or for office staff transportation, and supply of various kinds of tools 

and equipment for carrying out Government administrative activities, field work or labotaroty studies. 

The supporting program in research and development will cover activities in geology, geo

chemistry, geophysics, geotectonics, volcanology, hydrogeology, exploration for crude oil and other 

minerals, various kinds of laboratory and field research for scientific purposes or as applied investiga. 

tions. The main purpose of the various activities is to support the development and utilization of 
the natural resource potential of land, minerals, water and geothermal heat, paying attention to the 
welfare of the structure of the environment. 

The supporting program in administration will include various efforts to complete or perfect 

regulations and laws, such as those connected with licences and supervision, and perfection or 

improvement in the manner of supervision, control and management of mining enterprises. 

The basic aim of the supporting program for the development of the mining sector is to 

improve the capability of the Government apparatus so that development in the mining sector can be 
accomplished in accordance with guidelines of the GBHN (the State's Main Guidelines) and the Sapta 

Krida Kabinet Pembangunan Ill. 

B. ENERGY 
1. INTRODUCTION 

Energy constitutes one of the determining factors for the achievement of the develkpment 

target. During Repelita I and II energy supply was not a problem because the energy requirements of 

the sectors could be easily met This was so because of the various natural energy resource potentials 

possessed by Indonesia, such as oil and natural las, coal, water and geothermal heat. Moreover, as a 

tropical country Indonesia can utilize solar heat and various kinds of plants which produce firewood 

for energy supply in rural areas. 

However, facing the problems of rapid population growth and an increasing pace of industri

alization in the years ahead, management of the various energy resources should be implemented as 

early as possible in a rational and effective manner. The development of energy consumption during 

the last 15 years has clearly proved the importance of a cohesive energy organization structure, not 

only to see to the efficient development and utilization of various energy resources, but also to pay 

attention to the protection of the environmental structure. 

The available data starting from 1963 shows that during the period 1963 - 1969 the increase 

in total commercial energy consumption in Indonesia was an average of 5.2% per year, whereas for the 

period 1970 - 1977 the increase was 13.7% per year on average. "Commercial energy" does not 

include energy originating from firewood and agricultural sources or. which, despite iks extensive use 

in the rural areas, data are not yet available. Surveys have estimated that non-commercial energy 

c,,nsumption is probably larger than the commercial energy consumption at present. 

resources utilized in Indonesia so far are crude oil, natural gas, liquifiedCommercial energy 
petroleum gas (LPG), coal and water power. Although these energy resources are available in great 

amounts, the pattern of energy resource utilization is as yet unbalanced. For 1977, 89,8% of the 

energy consumption came from crude oil, 8,6% from natural gas and LPG, 0,7% from coal and 0,9% 
from water power. 
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Taking into account the importance of the role of crude oil as a source of state income and 
foreign exchange, and the fact that this natural resources cannot be renewed, it' is necessary to take 
immediate steps to ensure that the Indonesian energy economy does not lean ioo heavily on crude oil 
and use as much of the other energy resources as possible. 

Based on these considerations, the development of a balanced energy policy will receive 
first priority during Repelita Ill. The policy will concern various aspects of the daily life of the people 
and have an especially close connection with the population growth and the rate of economic growth. 

Although Indonesia is blessed with various energy resource potentials on a large scale, the 
problem she faces in the development of any one type of energy is the long lead time, i.e. from the 
time the decision is taken up to the time when the energy can be effectively utilized. Moreover, energy 
plants are usually capital intensive and technology intensive. Furthermore, all the side effects of the 
development of an energy resource on a large scale must be calculated from the start. In other words, 
in order to be able to utilize any given of energy in the coming decade, preparations must start now. 

With the economic growth target of 6.5% during Repelita Ill, the requirement of domestic 
energy consumption in 1985 will reach approximately 53 million tons coal equivalent (TCE), whereas 
the domestic energy consumption in 1977 only amounted to 24 million TCE. In other words energy 
consumption at the end of Repelita Ill will increase by around 100% compared to the energy con

surription in 1977. 

As discussed in the introduction, the energy economy at present depends very mucli on crude 
oil in the energy economy was 84.0%, but the role increased to 87.9% in 1970 and 89.6% in 1977. 
It is clear from those figures that the other energy resources, i.e. natural gas, coal and water power 

have played a very small role. If this tendency continues the crude oil requirement for the domestic 
energy supply will continue to increase. Therefore, there is no other choice than to make in immediate 
attempt to develop and use other energy resources. Apart from oil and natural gas, the Indonesian 
ioil contains coal and lignit, reserves in great quantities. 

In addition, on the Indonesian islands there are big rivers and lakes which can be used for 
the development of water power. From the magmatic process there are also signs of the existence of 
geothermal heat potential. There are also indications of the availability of radioactive minerals which 
in the future can probably be made into fuel for nuclear reactors. Besides these, the tropical climate 
makes possible the use of all aspects of solar power for heating, electricity generation (photovoltaic), 
mechanical (wind), biological (bio.gas), or chemical (photo-synthetic or thermal chemical). Lastly, in 
the large expanse of Indonesian jurisdiction there isstill a lot of land with critical soil conditions which 
can be systematically utilized for energy plantations. These energy plantations, apart from functioning 
as an energy resources, can at the same time function as a tool for land recovery, protection of water
sheds, and erosion prevention. 

The following brief summary describes possibilities for the utilization of various potential 

energy resources which are available in Indonesia. 

Oil and Natural Gas 

In line with the development of exploration ac'ivities which started in increase in 1967, 
Indonesian crude oil reserves continue to improve. In 1971 the production of crude oil from offshore 
fields have started and since than Indonesian crude oil production has been increased, from 0,75 
million B/D in 1969 to 1.7 million B/D in 1977. Nevertheless, exploration activities havecovered 
only about 20% of the prospective area; and the area which has not been carefully studies as yet, 
both on land and offshore, is still extensive. 

Taking into account that crude oil has ai important role in the Indonesian economy, i.e. as 

state foreign exchange income and a domestic energy rescijrce., the intensification and extensification 
of new resource discoveries and increased production from existing wells will continue to be carried out. 
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Meanwhile, Indonesia also has natural gas resources. So far, natural gas fields have been dis

covered as the by-product of oil exploration. Since it is estimated that the Indonesian soil still contains 

a lot of natural gas, discoveries of new resources need to be intensified, especially in areas close to 

consumption centres like west Java. In this connection, the piece of natural gas will be fixed in such a 

way so that it can be paid by users in the community and that at the same time it gives enough 'incen

tive for discoveries and development of new gas fields. Increased production and utilization will lessen 

the load which is at present borne by crude oil. With a reasonable price arrangement, natL:al gas can 
also function as the raw material for petrochemical industries. 

Coal 

It has recently been proved that the Indonesia soil contains an extensive amount of coal. 

It is estimated that more than 10 billion tons are available in south Sumatra in the form of relatively 
shallow deposits. Coal deposits are also available in Kalimantan and central Sumatra in large amounts. 
The Indonesian coal reserves as a whole have a caloric value which is much higher than the crude oil 
reserves known at present. Therefore it would be beneficial if Indonesian coal can be developed and 
utilized on a large scale, especially for electricity generation. 

In addition, coal can also be used a$ a raw material for the chemical industry and as briquets 
as fuel. In the long term the large Indonesian coal reserves can be projected to produce gas and liquid 
fuels. 

During Repelita III steps were therefore taken to use coal as a replacement fuel, especially 
for generating electric power. If coal is expected to replace oil domestically, its production must be 
increased soon. The current problems are those of transportation and price. 

The development of coal in south Sumatra will as far as possible be connected with the 
development of the region. This will increisingly open-up south Sumatra and it is hoped that 
spontaneous transmigration from Java will continue to increase. 

Water Power 

The installed capacity of hydro power plants (PLTA) was only 450 MW in 1977, whereas 
the theoretical water power potential in the whole of Indonesia is :,itimated to be up to 31,000MW. 
The power potential near consumption centre, like Java which has not yet been utilized isestimated to 
be 4,000 MW. This potential would become significant if it could be utilized to generate electric 
power and thus could replace fuel oil. 

Apart from this, the use of water power enables the execution of multipurpose projects (flood 
control, erosion control, water conservation, protection of the environment and recreation) whiih is 
very beneficial for society. However, oie -)f the difficulties in the development of water power is 
the high level of front end financing required. 

Geothermal Heat 

Geothermal heat resources in their conventional form (heat water and steam) in locations 
which have already been identified in Indonesia are estimated to amount to 1,500 MW, of which 890 
MW is in Java. Since it is estimated that electric and geothermal heat power production costs are 
competitive compared to electricity generation by oil and coal, geothermal heat in Indonesia will be 
developed whereever possible.. 

The chief problem in the development of geothermal heat is that of organization. There is 
also the problem of the price of steam, which is important to encourage discoveries of new resources 
An inventarization of geothermal resources will be carried out integrated with the development of 
areas where resources are found, especially isolated areas. 
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Radioactive Minerals 

Survey and expldration efforts have discovered some indications of uranium in a number of 

places in Indonesia, such as in Kalimantan. If the potential reserve is large, it is possible that in the 

future Indonesia will utilize self-produced uranium fuel for its nuclear power plant (PLTN), However, 

since nuclear power development is very expensive and requires a truly advanced technology, various 

aspects will need to be considered in taking steps towards its development, especially the feasibility 

and techno-economical factors, as well as safety and environmental factors. The tendency of oil 

prices to increase continuously may enable nuclear power to compete with the other types of power. 

Solar Energy 

In the long term, the sun constitutm ar, energy resources which will never be used-up and 

which will not cause pollution. Indonesiz which is sitbated in the tropics, can utilized solar energy 

in a variety of ways, e.g. for electric power, heating, mechanical power and also biological and chemical 

power. 

What could be implemented immediately is the utilization of solar energy in the thermal 

field, i.e. for drying or cooling (preserv3tion), utilization of bio-gas and utilization of wind power, 

especially in the eastern part of Indonesia and in the rural areas. 

Apart from this, the use of solar power in a passive manner should be develop, i.e. arranging 

the life environment (residential areas.) in such a way that sunshine and wind can be used to the 

maximum for lighting and natural ventilation. 

Although this field is comparatively new a number of uses of solar heat technology can be 

directly applied through adaptation. In this case the use of domectic components will be chosen. 

Firewood 

As in other developing countries, the utilization of non.commercial energy in Indonesia is 

estimated to be very large. Firewood, for example, still has a very important role as an energy source, 

especially for households and rural industries. 

In 1974, it was estimated that the consumption of firewood for all Indonesia amounted to 

about 40 million tons. Its supply is still a big problem. On the one hand supplies are short in 

like Java and Bali. on the other hand an extensive supply is available in otherdensely populated areas 
The lack of firewood in Java and Bali is widely felt in those islands. Deforestation as a resultareas. 

of banks, sides of ravines, and mountain slopesof the gathering of firewood results in the erosion 

which in turn cause flooding. Deforestation still occurs although replanting and greening have been 

intensified since 1974. 

Outside Java, together with ,he production of wood fo export and dumestic requirements, 
or trunks, branches and twigs are also obtainedby-products such as chips, brush, ends of stumps 

M3 per year. Tkhese by-products c3nnot bewhich at present amount to more or less 26 million 
utilized as yet to cover the short supplies of firewood in the densely populated areas due to the high 

cost of transportation and the low price of firewood. 

a large potential for the production of firewood. TheIndonesia as a tropical country has 
planting of suitable types of firewood on Lrtical soils will not lessen the protective function of the 

of the raini season, so that at the beginning of
plants, cutting can be carried out clo',e to the end 


the land effectively.
the following rainy season new growth is already dense, and covers 

As an energy soufce, firewood can be processed into a better quality fuel in the form of 

solids, liquids or gas, which besides being used for household requirements could also be utilized for 

This matter will be studied further.industrial and transportation purposes. 
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2. POLICIES AND MEASURES
 

Based on the recent situation and the analysis of the existing alternate energy resources, and 
in accordance with the GBHN, the development and utilization of energy will be based on an energy 
policy which is comprehensive and harmonious in character, taking into account increased demands, 
both for export and domestic consumption, and the strategic energy supply capacity in the long term. 

The overall target of the energy policy is as follows: 

a. To guarantee a continuous energy supply which meets national demands in both quality and 
quantity, at a reasonable price to generate a well-distributed increase in the standard of living of 
the Indonesian people and the achievement of high economic growth rate. 

b. To guarantee that, apart from fulfilling national needs, the energy supply also provides export 
commodities in order to support the balance of payments. 

c. To guarantee that the development of erergy resources is accompanied by an efficient and wise 
management of a life supporting evirormental structure in order to achieve a better quality of 
life for the Indonesian people. 

d. To make every effort to ensure that the overall supply and management of energy resources increases 
the capability and strength of the Indonesian people to face the future. 

The main target of the energy policy is to decrease dependence on crude oil and gradually 
move from a mono.energy economy to a poly-energy economy. 

In order to achieve the national policy target for energy, steps will be taken in various fields 
including exploration and development of non-conventional energy resources, development of manpower 
capability, financial resources, tariffs, taxation, duties and excise and administrative bodies. 

The exploration for oil and natural gas, coal, water power, geothermal heat and radioactive 
minerals will be promoted, especially in acreas close to consumption centres. For isolated areas where 
exploration activities are difficult to carry out, reasonable and attractive incentive will be considered 
for investors. 

Research and development in the field of non-conventional energy resources will be encouraged 

and supported, so that in time they can ieplace the role of conventional resources. In connection with 
energy development programs, the expansion of the technological capability of each energy type to 
be developed needs to be considered. This means that in the very near future scientific and research 
personnel in the fields of oil, coal, natural gas, water power, geothermal heat, nuclear power, solar 
energy and firewood must be increased and trained. 

Meanwhile research institutions relevant to energy development, will be strengthened and 
improved. Thus improvement in national capabilities in science and technology c.., be expected. In 
this connection, necessary research programs will be outlined. 

The capital intensive nature of the energy sector makes a large amount of funds ner'ssary for 
energy development. Taking into consideration our limited capacity to raise funds and in technology, 
foreign finarc. and expertise will be utilized where necessary. 

Tariffs and prices are important tools to achieve the targets which have been fixed as part 
of the national energy policy, in connection with the economic growth rate, energy enterprises, energy 
diversification, or shifts in the pattern of consumption. Therefore, pricing policies will aim to achieve 
a balance of various objectives, i.e. supply of energy at reasonable prices, improvement in the efficiency 
of energy utilization and sound energy enterprises. 

The tax and customs policy in the energy sector will aim at increasing conservation as well as 
improving the management of production in the energy field. 



24
 

3. PROGRAM
 

In order to achieve the overall target described above, all energy resources should be used 

optimally. The target embodies seven basic elements, i.e.: 

(1) 	 increase and expansion in exploration and production of all energy resources, i.e. oil and natural 

gas, 	 coal, water power, geothermal heat, and radioactive minerals; 
a prime(2) 	 a reduction in the domestic utilization of crude oil and the promotion of crude oil as 

export commodity through an extensive diversification program that increases the utilization of 

other energy resources; 

(3) 	 conservation directed to a more efficient use of energy; 

(4) 	 institutional development in order to be able to formulate a national energy policy and to 

guarantee its implementation a review as and when necessary; 

(5) 	 information and data development to complete the information and data on conventional and 

non-conventional energy resources and energy requirements; 

(6) 	 information to promote understanding among the community of the energy policy undertaken 

the Government; 

(7) 	 monitoring and evaluation of the implementation and the laws and regulations stimulated in 
measures for their improvementthe framework of the national energy policy, in order to take 

as 	required. 

The 	energy policy consists of three basic programs founded on the above elements. First, a 

short-term program with a target of intensification and extensification of exploration of the present 

main energy resources, i.e. oil and naiural gas, and an increase in the production of firewood. Second, 

a mid-term program with a iarget of extensive diversification to achieve an optimal utilization of all 

energy resources. The steps to be carried out to achieve diversification are: 

a. 	Efforts to achieve an efficient utilization of energy; 

b. The rapid development of coal' production and its use for domestic purposes, especially for generating 

electricity and for industrial and household purposes both in the cities and in the villages; 

c. 	Utilizing water power and geothermal heat in areas where those resources are available for generating 

electrical energy; 

d. Increasing the production of firewood by encouraging the people to participate in promoting replant. 

ing and greening, and by establishing plantations on critical lands, and in addition utilizing waste 

by-products from firewood cutting as fuel; 

e. 	Encouraging the use of solar power with the available technological capability, utilizing domestic 

components as much as possible; 

f. 	 Utilizing nuclear power as long as it il techno-economically feasible; 

g. Making sufficient investment for the promotion of national capability in the development of energy 

research and technology, and strengthening and improving the existing research bodies; 

h. 	Making efforts to assure the availability of funds and equipment both for exploration and exploita

tion of new energy resources, or for the utilization of the existing resources. 

Third, a long-term program starting from now consisting of efforts 	to achieve extens _nd 

sustained coservation in various fields accompinied by attempts to use energy resources 	which n be 

renewed, thus assuring a wiser way of life. Extensive conservation would, for instance, give priority to 

the use of public transportation and of transport networks economical in their use 	 f energy, the 

utilization of solar power in a passive way or through direct conversion; and utilization of equipment 

needed for daily life which r4esigned on tne principles of economy and efficiency. 

In the long run, conservation will be very important and will require a liew way of life because 

is not only a question of its supply, but of its production also.in the endJ the problem of energy 
Moreover, a concern for the welfare of the environment and community life in general will play a greater 
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role in the future. The supply of energy in the future must take these matters into account or it will 
eventually cause an increase in costs to the economy which ultimately means a highep investment 
requirement. 

The above short-term and mid-term programs can be broken down further into the develop
ment plans of the various commercial energy resources which are available, producing aquantitative 
estimate of the developmer.. up to 1983/1984 as follows. 

In the future, the utilization of natural gas will increase, because anumber of new industries 
will use natural gas as their energy source. Among others, industries which are natural gas are fertilizer 
factories, the LNG projects, some cement factories, and a number of steam power plants in Banda Aceh, 
Belawan, and Balikpapan. The total energy consumption originating from natural gas in 1984 isexpected 
to be as much as 606 MMCFD or the equivalent of 8.3 million tons of coal. In addition, LPG con
sumption is expected to continue to increase in the future and in 1984 will reach 105,000 tons or 
190,000 TCE. 

Similarly, the consumption of coal will also increase, especially as aresult of the development 
of the steam power plant project at Suralaya and some small industries. It is estimated that the con
sumption of coal will increase to 1.2'ton in 1984. 

In the period 1977-1984 the State Electricity Company plans to build hydro power plants in 

a number of areas in Indonesia with a total capacity of 307 MW. In 1980/81 it isexpected that the 
hydro power plant in Jatiluhur will be expanded to 150 MW, while Asahan (603 MW) will be completed 
in 1984. With reference to the development plan, it is estimated that in 1984 the installed capacity 

of hydro power plants will come to about 1550 MW or 1 million TCE. 

In 1981 the first geothermal power plant !PLTB) in Kdmojang is expected to be completed, 
with a capacity of 30 MW. followed by one in the Dieng mountains with the same capacity, so that 
in 1984 installed geothermal power plant capacity in Indonesia is expected to be 60 MW. 

This development of non-oil energy resources will moderate the increase in the level of oil 
consumption in the future. The increase in the level of oil consumption in the period of 1970-1977 
was on the average 13.7% per year. In 1977-1984 it will go down to 9 5% per year. This estimated 
growth can be reduced still further through the adjustment of the domestic price of fuel oil. 

If an assumption is made that energy consumption during 1977-1984 will increase by an 

average of 11.5% per year (compared to 13.7% per year during 1970-1977), the total energy require
ment in 1984 will reach 52,780,000 TCE. This would mean that the role of crude oil as an energy 
resource will decrease from 89 8% in 1977 to 79.4% in 1984. 

Energy requirements could be filled without any problems if well focused plans are made 
from now on, particularly with the aim of developing more non oil resources. 

In Table 19, the estimate of the growth of energy requirements in Indonesia for 1978
1984 is given, with details of the primary resources, on the basis of the above assumption. 

TABLE 19
 

ESTIMATED ENERGY REOUIREM.ENTS
 
1978 - 1984
 
ImolIon TCE) 

1978 1979 1980 1981 1982 1983 

KCindsof Maeils 

TCE % TCE % TCE % TCE % 7CE % TCE % TCE %
 

1, Natural Gn 3137 (11130) 4375 i13801 4685 11390) 5435 (14091 6647 11521 8050 116971 8339 11580) 

2. LPG 0078 1 0281 0091 1 029) 0107 40I.1 0123 1 0321 0.141 I 0331 0165 1 0351 0189 1 035) 
. Coal 0190 1 0681 0225 i 071) 0327 ( 094) 0397 I 1031 0522 I 1221 0644 ( 1 36) 1.254 1 2.38)
 

4 Water Power 0311 I 1 121 0398 I 1.261 0.510 1 1451 0516 1 1341 0521 I 1211 0548 I 1.151 1084 1 205)
 

5 Geoihermal Hees - 000l - 0001 - I 0001 0007 I 0021 0007 1 0021 0007 ( 0011 0.015 1 0031
 

ft Fuel Oil 24059 i86 621 26619 (83951 29315 183411 32096 183201 34999 81701 Ja 035 160 16) 41899 (79.381
 

T etla 27.775 (100%) 31.708 100%l)35144 II Or.) 38574 1I00%s 42837 1100'.) 47449 (00%1 52780 100%) 

TCE - Ton Coal Eau.,"lent (t 

1984 
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It is clear that the problem of energy affects extensive areas of community life, especially 

the vitality of the economy and capital requirements, technology, the labour force and administrative 

bodies, environmental issues, the social structure and the gestation period involved in major energy 

programs. 

In order to guarantee that energy policies can be effectively and harmoniously implemented, 

studies will be carried out on the quality of the management of various exploration, production, dis

tribution and consumption activities in relation to institutional aspects in conjunction with compre. 
hensive efforts to increase the national vitality. 

C. ELECTRIC POWER 

1. INTRODUCTION 

Electric power for both industrial and household uses has an important role in the attempt 

to achieve our development target. As a production infrastructure, the availability of electric power 

in sufficient amounts and quality and at the right time will support development in other sectors. In 

addition, the wide availability of electric power which is utilized extensively for daily purposes will 

promote community welfare and the national resiliency. The State's Main Guidelines (GBHN) stated 

that development of electricity should aim to promote the welfare of rural and city communities and 

to enhance economic activities. 

Thus, electrical development will influence the three elements in Trilogi Pembangunan (the 

Three Principles of Development), i.e. equally distributed development and its benefits, high economic 

growth, and a healthy and dynamic national stability. During Repelita Ill, the policy and steps which 

will be taken to achieve targets will be based on the Three Principles of Development. Moreover, 

considering that the generation of electric power requires the use of energy resources, the development 

policy for electricity will be integrated into the national energy policy. Furthermore, continuous careful 

evaluation of its impact on the life-supporting environment will be carried out to ensure that it is safe. 

Development of the electrical sector is capital intensive and involves long gestation periods for 

planning and execution. During Repelita I and II, most of the development funds came from Govern

ment investment. In Repelita III a more extensive participation of private parties will be considered 

in order to meet the electric power requirements. 

2. THE PRESENT SITUATION 

Total installed capacity at the end of Repelita II amounted to approximately 3,791 MW. of 

which 2,283 MW was managed by PLN while the remainder of 1,688 MW was owned by industries 

which operated the electricity generators for their own use. 

During Repelita I1 the following were accomplished in the development of the PLN electricity 

system: completion of electric power plants with a capacity of 1.337 MW; completion of transmission 

networks of 2,758 kms; completion of main sub-stations with a capacity of 3,137 MVA; addition of 

a medium voltage distribution network of 7,625 kms and low voltage distribution network of 7.177 
kms with 14,518 kms with 14,518 sub-stations. During Repelita II, preparations were made for the 

development of rural electrification both by PLN and by the electrical cooperation organization. 

As a result of the development and rehabilitation of electric generating plants and its accom

panying transmission and distribution networks, additional installed capacity was obtained, which 

resulted in production and sales increases of electric power during Repelita II. 

With the increase in economic growth during Repelita II, there were also increased requirements 

for electric power from tOe community. This occurred particularly in cities which constituted the load 

centres. The fast growing demand caused the necessity to build a number of gas power plants (PLTG) 



27
 

in big cities as the development of PLTG can be carried out in a relatively short of time. As a result 
of this policy, in comparison with the beginning of Repelita II, the PLN generation system will depend 
heavily on PLTG units. Power generating by PLTG units requires a relatively larger amount of fuel 
for each KW. 

With the completion pf the electrification projects, apart from the electrification of some new 
areas, it has been possible to reduce the interruptions of electricity in some areas, particularly in some 
provincial capitals. Moreover, it has been possible to carry out phased maintenance of electrical 
generating centres in a more orderly fashion. 

At the beginning of Repelita II, of 233 regency capitals it was determied that only 192 
capitals are getting electricity from PLN, 30 capitals obtained electricity from the local Government 
or private companies, and 11 had not obtained electricity at all. Just before Repelita Ill, of the 285 
regency capitals and administrative cities, only an estimated 5 regency capitals had no electricity and 
only 2 others obtained it from private companies. The remainder of such cities were already receiving 
electricity from PLN. 

TABLE 20 

PLN ELECTRIC POWER ENTERPRISE 
1974/75 - 1978/79 

Description 1974/75 1975/76 1976/77 1977/78 1978/79 

Electric power production (MWH) 3.345,241 3,770,294 4,127,391 4,704,833 5,746,753
 
Electric power sales (MWH) 2,444,107 2,803,613 3,081,817 3,528,625 4,425,000
 
Connected power (KVA) 1,261,815 1,426,376 1,694,800 2,017,000 2.482,600
 

Installed power (MW) 1,117 1,284 1,376 1,870 2,283
 

Estimated figure 

At present there are still areas with limited generating or distribution facilities, and there are 
areas which are inadequately provided with both. In order to make the utmost use of the available 
electrical facilities, attempts are being made to obtain a system balance between the generating centres 
and the transmission and distribution network. 

3. POLICIES AND STEPS 

Based on the State's Main Guidelines (GBHN) and current conditions, the main target of 
electrification development during Repelita III is to improve the rural and city community welfare and 
to motivate and enhance economic activities. 

To achieve the target, a number of policies and steps will be taken during Repelita Ill. 

a. Improvement ;f the electricity supply apparatus 

It is hoped that the supply of electric power of good quality and in sufficient amounts can be 
achieved at a minimum cost through optimal planning, development, and management. The optimiza
tion carried out in planning is based on a series of policies which are designed to be effective in the long 
term. The plan for the improvement of electric supply facilities is based on the policy which unites the 
entire electrical power sector in one overall planning unit. Moreover, the improvement of electric power 
production facilities both in Repelita III and in the longer term needs to be adjusted to the national 
energy policy and to be based on the following criteria: 

(a) expanding the utilization of water power potential 
(b) expanding the utilization of coal and natural gas 
(c) expanding the utilization of geothermal heat 
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(d) utilization of nuclear power, and 
(e)utilization of non.conventional energy. 

The policy reflects the efforts to guarantee crude oil as a foreign exchange resource. With regard to 
long term this policy is in line with the national energy policy. 

Another policy element employed to improve the electric power supply apparatus is to in. 

crease the rate of utilization of electric power production facilities. At present, in Indonesia, there are 

several electric network systems which are separate from one other, so that the amount of the installed 

reserve cap.city in relatively large and inefficient. To improve the -efficiency of the production facil. 

ities, an interconnection between the systems will be established. The advantages of the interconnec. 

tion include: 

(a) increasing the utilization factor of generating facilities, which in the long run will also 
mean economising on investment 

(b) facilitating achievement of an economic scale for the system 
(c) speeding up the utilization of electric power. 

In connection with the policy of regional development, the program for the improvement of 

the electric supply facilities cannot be separated from Government attempts to develop the regions, the 
not stand by itself but should be integrated in multi-sectoralfeasibility of an electric program should 

activities. 

Lastly the policy regarding the structure and level of electicity tariffs in the future is intended 

to encourage industrial development, or in other words to create an improved industrial climate which 

isbalanced and harmonious, while at the same time giving consideration to the needs of small and weak 
The tariff level will be adjusted in the light of price developments and increases in efficonsumers. 

ciency. Nationally the annual increase of electric power requirements during Repelita IIIis estimated 

to 	be as much as 14% - 18% per year. To meet these requirements the electric power sector under 

PLN is programmed for an installed capacity increase of 17% per year on average. 

b. Increase in the supply of electric power 

In order to meet the community's requirements in the programs to increase electricity con

nections, policies and steps will be planned to provide an opportunity for private participation in the
 

generating of electric power and its distribution.
 

c. Increase in the supply of electric power for the rural community 

In accordance with the general policy already outlined, rural electrification efforts will be
 
increased in Repelita Ill. Based on the latest study, the number of villages in Indonesia which do not
 

have electricity is estimated at 49,000. The rural electrification in Repelita Ill will start primarily
 

with an effort to include all self-supporting villages in implementation of the program. In addition, a
 
number of "swakarya" (self-working) villages and "swadaya" (self-attempting) villages will also be
 
included when the expansion of the distribution network makes it possible to reach the villages con
c.erned.
 

d Improvement in the national electric power enterprise 

With the achievement of operational balance the policy structure for electric power operations 
11V PLN wil be reformed. The improvement of electric power operation will be implemented to 

"'114t'ice the efficiency of the enterprise and to reduce PLN's dependence for its investments on funds 
""Ill the Government. Relevant to this, by paying attention to norms which are generally applied In 
'"'"Itry and trade, by making efforts to meet electricity with power of good quality, high depend. 

h"'11v and safely, and by providing good service with reasonable tariffs, PLN will be required to 

, 	'iiate in the financing of the entire cost of the electricity development to a minimum extent of
 

I,the first two years an 25% in the last three years of Repelita Ill. 
 . 



29 

These efforts will be accompanied by the following measures: 

1) promoting efforts to decrease the network system losses by 0.5% per year until a minimum limit is 
obtained; 

2) developing load dispatch centres to promote and improve the generation and distribution in arational 
and economic way and by paying attention to dependability of services; 

3) improving the guidance and supervision of the utilization of electric power by consumers so that 
maximum economy and safety are achieved. 

The improvement in the capacity to supply will be supported by the improvements in the 
implementation of the development plan and also in the commercial operation of electric power. In 
this connection the organization of the management of the development program and the electric 
power enterprise will be strengthened so that optimum results and efficiency can be obtained. 

e. Research and development in the supply of electric power 

In support of the program to increase the electric power supply, research and development is 
being carried out. This include: the development of energy and electric power information, research 
on the electric power system, energy resources, generating equipment, fuel ahd lubrication, and 
light iing and environmental impact of electric power installation. 

f. Standardization industrial development and technical services 

To support the development and operation of electric power supply systems, various technical 
service activities will be carried out such as: standardization, verification, weights & measurements.etc. 
Also efforts will be made to develop and expand domestic electric equipment industries. 

g. Energy 

Taking into consideration the present energy situation and the probabilities of its develop
ment in the coming decades, the electric power sector, development program needs to be arranged 
within the national energy policy as follows. 
1) In the short term, energy conservation: i.e. economizing on energy consumption with a rational, 

wise and efficient utilization of energy 
2) In the mid term, a shift of primary energy from oil to coal, water power, geothermal heat, etc. 
3) In the long term, research and development in the field of non-conventional energy resources utiliz

ing technology which is the result of research and development carried out in the developed countries. 

4. PROGRAM 

Taking into consideration commercial technical factors such as peak load, the amount of 
reserve capacity and the system's reliability in order to balance the growth rate of the demand for 
electric power and to promote services to the electric power consuming community, the overall tirne 
scheduling of the physical program of PLN electric development in Repelita III has the followingI 
elements: 

a. New electric power generating facilities with a capacity of more or less 2,729 MW, with the followini 
details. 

- Hydro power plant (PLTA) 296 MW 
- Steam power plant (PLTU) 1780 MW 
- Diesel power plant (PLTD) 478 MW 
- Geothermal power plant (PLTP) 30 MW 
- Microhydro power plant (PLTM) 15 MW 
- Electric power plant utilized for rural 

electrification 130 MW 



b. Transmission netwotk and main sub-station with the following details. 

1)Transmission network of 10.402 kms, divided into: 

- Extra high voltage transmission network 784 kms. 
(TST/EHV) 

- 150 KV transmission network 6,586 kms. 
- 70 KV transmission network 3,032 kms. 

Total : 10,402 kms. 

2) 134 main sub-stations with a total capacity of 6,829 MVA, consisting of: 

Voltage (KV) Total (units) Capacity (MVA) 

- TST/150 6 1,800 
- 150/70 16 995 
- 275/150/20 1 30 
- 150/30 58 2,946 
- 150/20 
- 70/30/30 
- 70/30 
- 70/20/6 51 1,058 
- 70/20 
- 70/11.5 
- 70/6.3 

Total : 13k 6,829 

C.Distribution network facility together with the distibution sub-stations with the following details. 

- Medium voltage distribution network (JMT) of 14,703 kms. 
- Low voltage distribution network (JTR) of 45. 655 kins. 
- Distribution sub-statio.is with total capacity of 4,488 MVA 
- New consumer conn-ctions 1,000,000 consumers
 
- Change from low volt,-* to higher voltage (PTR) 330,000 consumers
 

Although it is estimated that the water power potential in Indonesia amounts to 31,000 MW, 
at present the developrn'mnt of water power is stil; limited to potential close to the load centres. This 
is due to the large investment required for the development of iydro power plants and the rather 
slow growth of electric power oemand in rural areas. The requireme.nts of electric power in rural areas 
can be filled by diesel power units. 

The development or expansion of hydro power plants which according to plan will be 
completed in Repelita Ill, amouriting to 296 MW, among others consist of: 

- PLTA Sadang 1/11 - South Sulawesi 62 MW 
- PLTA Tonsea Lama - North Sulawesi 5 MW 
- PLTA Riam Kanan III - South Kalimantan 10 MW 
- PLTA Sentani 1/11 - Irian Jaya 13 MW 
- PLTA Tes - Bengkulu 13 MW 
- PLTA Maninjau I/IV - West Sumatra 68 MW 
- PLTA Garung - Central Java 28 MW 
- PLTA Semp6r - Central Java 2 MW 
- PLTA Wonogiri - Central Java 13 MW 
- PLTA Sengguh - East Java 29 MW 
- PLTA Lodoyo - East Java 29 MW 

- PLTA Juanda/Jatiluhur VI - West Java 25 MW 

http:sub-statio.is
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In addition, considering that development of PLTA requires pre-investment activities, such as 
feasibility study, technical planning and field investigation, during Repelita III those acti 'ities will be 
carried out for the following hydro power plants (PLTAs): 

- PLTA Tanggari - North Sulawesi. According to the feasibility study an electric power generating 
stesion can be built with an installed capacity of 2 x 8.5 MW. The technical planning will be 
started soon. 

- PLTA Mrica - Central Java. According to the feasibility study an electric power generating station 
cart be built with an installed capacity of 2 x 85 MW. At present the technical design is being pre
pared. 

- PLTA Saguling - West Java. According to its feasibility study an electric power generating station 
can be built with an installed capacity of 4 x 175 MW. At present the technical des jn is being 
prepared. 

- PLTA Ayung - Bali. A feasibility study will be carried out. 

- PLTA Sengguruh and Kesamben, situated upstream and downstream respectively of PLTA Karang
kates, East Java. The technical design will be prepared soon and development will then be carried 
out. 

In addition, surveys will be carried out for the rivers Asahan, Musi, Way Besay (Lampung), 
Sungal Landak (West Kalimantan), Riam Kiwa (South Kalimantan). Poigar (North Sulawesi), Banyuripan 
Karang Sembung, Maung. Cimanuk/Cipasang, Cirata, Matenggong (Citanduy). 

According to the long term plan already prepared, the development of steam power plants 
which is expected to be completed in Repelita ilLwith a capacity of 1.780 MW include: 

- PLTU Muara Karang III/IVV - DKI Jakarta Raya 600 MW 
- PLTU Semarang III - Central Java 200 MW 
- PLTU Gresik /lllll - East Java 400 MW 
- PLTU Belawan I/I - North Sumatra 130 MW 
- PLTU Balikpapan I - East Kalimantan 25 MW 
- PLTU Bukit Asam l/IV - South Sumatra 200 MW 

Besides the above, there amqa number of PLTUs for which development will start in Repelita 
III and which are expected to be completed ;n Repelita IV. One of them is: 

- Suralaya 1/11 - West Java 750 MW 

In the itremp to utilize geothermal energy it is hoped that the development of ageothermal 
electric power station in Kamojang - West Java with a capacity of 30 MW can be completed in Repelita 
llt. Further development will be carried out in Dieng -. Central Java; Sungai Penuh - Central Sumatra; 
Lahendong - North Sulawesi, and in Bali, which hopefully can be started soon and completed in Repelita 
IV. 

In order to increase the supply of electric power to areas which are -oiated froth the main 
system, dispersed diesel electric stations (diesel power plant - PLTD) will be constructed. In areas 
outside Java, PLTDs will be constructed with a total installed capacity of 478 MW. In addition, if 
the condition of the location permits it, micro-hydro power generating stations will be constructed in 
several places with an installed capacity of about 15 MW. Diesel power and micro-hydro dectric 
stationswill support the development of ruoral electrification. 

For isolated systems in Java it is hoped that a high voltage interconnection can be started in 
the first phase of Repelita Ill, and in addition, an extra high voltage (TST) interconnection between 
west Java and central Java is hoped to be completed at the end of Repelita I1l. This interconnection, 
;:r!! from increasing the system's dependability, can also make the most efficient use of electric 
generators which to date function as reserve capacity only 

The rural electrification program will be promoted. The latest study shows that 80% of 
Indonesia's population consists of people who are living in about 57,000 villages divided into 55.6% 
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"swakarya" (self-working) villages, 38% "swadaya" (self-attempting) villages, and 6.4% "swas -'badae 

(self-supporting) villages. Rural electrification program has been started in several villages of Central 
Java, Lampung. South Sulawesi (Luwu) and Nusa Tenggara Bar,,t (Lombok), and will be extended to 

cover villages in the regions of Aceh, North Sumatra, West Sumata, North Sulawesi, Bali, Maluku, East 
Java, West Java, etcetera. Considering the limitations of the enterprise and the local conditions, rural 

electrification is expected to reach 37,700 self-supporting villages. Electrification of self-attempting 
and self-working villages will be effected by tapping the network whicl goes through the villages or 

which will reach them by extension. Rural electrification program will also involve the participation 

of cooperative organization; for this purpose 10 rural electric cooperatives will be established. As a 

physical target during Repelita III it is hoped that the rural electrification program can reach as many 

as 1,085,000 customers, with a connected capacity of 312 MW; installed capacity of 178 MW; distribu
tion sub-stations of 272 MVA; medium voltage network of 11,100 kms; low voltagr network of 11,100 
kms. This target includes electrification to be undertaken by electric cooperatives which are expected 
to serve 1000 villages covering 460,000 customers with total installed capacity of 48 MW. In carrying 

out this program, participation of cooperative organizations in rural electric power distribution will be 
increased. Electricity development is also undertaken by private sector. In general private sector 
undertakes electricity development for industrial purpose and to meet the requirements of the sur
rounding communities. However private sector or community in general can also undertakes rural 
electricity. In the near future the electric power requirement, especially for the industrial sector, will 
not be able to be filled entirely by the State General Electric Company (PLN). In order to meet the 
demand, opportunities will be given to the private sector to parttcipate in electricity development. 

Large projects which are developing electricity generating capacity for their own purpose are: 
the Krakatau Steel project in Cilegon, west Java which constructed a steam power plant with acapacity 
of 5 x 80 MW, the aluminum smelting centre in Kuala Tanjung which will construct a hydro power 
plant in Asahan with a total capacity of 603 MW; and the nickel smelter in Soroako, Sulawe!;, which 
has constructed a hydro power plant in the Larona river with a 165 MW capacity. 

With regards to the Asahan project, 50 MW will be delivered to the State Electric Company 
which will be distributed through its transmission network to the city of Medan. The surplus of 50MW 
electricity from the nickel smelter in Soroako is delivered to the State General Electrical Company to 
be distributed to the surrounding community. In addition, a number of large electricity generating 
plants will be constructed for the hydrocracker project in Duma' and in east Kalimantan, for the olefin 
centre in Aceh, and for the industrial estate on Batam. 

The details of the activities in the electric power sector according to PLN work regions is 
summarized in the chapter on regional development. 

With the planned expansion of the electricity generating capacity, transmission network and 
main sub-stations, and the distribution network with distribution sub-stations, the supply of elec
tricity to the community and its services can be improved. 

Technically, the transmission and distribution networks must reduce the power losses. With 
the addition of new transmission and distribution networks it is hoped that the network losses can be 
reduced by an averige of 0.5% per yeai. 

Furthermore, based on the electric supply and the system loss reduction targets, efforts to 
secure new consumers or additions to connected capacities will be continuously puc ued in order to 
achieve the target fixed for electric power sale. 

Implementation of the physical improvement program and the electric commercial activities 
du ing Repelita III as described above needs to be accompanied by programs to improve various support. 
ing facilities: a program to improve labour training arid education; a research and development improve
ment program, and a program to survey energy resources for the generation of electric power. 

The improvement of supporting facilities constitutes activities to improve physical and non
physical elements which are not included directly in the electric power supply facilities but which are 
imporkant to support the implementation of an overall program of improvement of electric power. 
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TABLE 21
 
ELECTRIC POWER IN REPELITA III
 

(COMPARED TO REPELITA I AND II)
 

Types of activities Unit Replita I Repelita .11 Repelita III 
(1) (2) (3) (4) (5) 

Electric power plants MW
 
PLN 284 1,337 2,729 3)
 
Non- PLN 
 - - 1,168 1) 
Total 784 1.337 3,897 

Transmission Networks kms 2) 
PLN 496 2,758 10,402 
Non-PLN -_ - 300 
Total 496 2,758 10,702

Main Sub-Stations MVA 415 3,137 6,829
 
Distribution Networks 
 Kms 1,619 7.625 14,703 
Medium Voltage 
Distribution Networks Kms 1,420 7,177 45,665 
Low Voltage Distributio 
Sub-Stations MVA - 4,488 
Household Connections consumers - - 1,000,000 
Low Voltage Changes consumers - 153,588 330,000 
Rural Electrification 

PLN: 
- Villages village - - 3,700 
- Installed capacity MW -  130 
- Household connections consumers - - 625,000 

Cooperative Organization 
- Villages village - - 1,000 
- Installed capacity MW - - 48 
- Housuhold connections consumers - - 460,000 

1)Consist of: (1) Krakatau Steel 5 x 80 MW 
(2) Asahan Project 603 MW 
(3) Nickel Project, Soroako 165 MW 

2) Kms: circuit kilometers 
3) Including installed capacity for PLN village electrification 

TABLE 22
 
TARGET OF ADDITIONAL CONSUMERS, ADDITIONAL CONNECTED CAPACITY
 

ELECTRIC POWER SALES
 

Repelita III 

Year 1979/80 1980/81 1981/82 1982/83 1983/84 
Target 

Additional consumers 230,000 275,000 320,000 375,000 425,000 
Additional connected 
capacity (MVA) 602 753 930 1,147 1,369 
Salet (million KWH) 5,330 6,502 7,933 9,678 11,711 
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The necessary programs to improve labour training and education include expansion of 

facilities, equipment and tools in existing training and education centres, the construction of new 

education and tr.ining centres in Ujung Pandang and Semarang, and expansion and quality improve

ment of lectures and of the education and training system itself. 

In order to improve the services of research and development for electrification, efforts will 

te m~de to improve the utilization of scientific and technical information to support planning and 

the production of electric power supply apparatus; to increase the amount of research and develop 

ment equipment; to augment the numbers and improve the expertise and skill of the workers; and to 

assist to development of the required laboratories in the Wilayah. 

II provide guidance to improve the organization andThe experience in Repelita I and 
financing procedures. In line with that, efforts will be made to achieve a balance between the devel

opment mechanism and the company's general practices eventuating in an overall budgeting system, 

either originating from the company budget or from the state budget, with a well focused control. 

In accordance with the national energy policy, to promote the use of non-oil energy 

resources, surveys and inventories of those energy resources also need to be improved, starting with 

reconnaissance activities and feasibility study. 

In 	addition, it the economic structure isalready slanted towards electrical power dependent 
that most of the available electric power can be utiiized forindustries, measures should be taken so 

industrial purposes. 

Thus at the end of Repelita II, it is estimated that in Indonesia, electric power installed 

capacity of 50 watt per capita with a production of 130 KWH per capita per year can be reached, 

assuming a population growth rite of 2.0 - 2.3% per year. 

Improvement of the efficiency and control of the Government apparatus 

To improve the Government apparatus and control, a Government Apparatus Efficiency 

Improvement Program will be carried out with the following objectives. 

(a) To improve the effectiveness and efficiency of the apparatus in the mining and energy sector, 
including electricity, in carrying out the Government's main tasks in this sector, both routine 

and development tasks, and 

(b) 	To improve control and inspection so that implementation of routine activities and the develop. 
ment program in the mining and energy sector, including electricity, can be successful, efficient 
and effective, and in accordance with a fixed plan and policy. 

To improve the efficiency of the apparatus the following steps will be taken: 

functional capability to design, monitor, and evdluate development of the(a) Improveme,. of the 

mining and energy sector;
 

(b) Improvement of the capability and development of personnel, based on career and achievement, 

increase in work descipline etc. 
(c) 	 Improvement of the current operational efforts to put order into the performance of duties so as 

to eliminate diver ences or deviations in the performance of those duties which night cause losses 

to the Government. 
(d) Improvement of the administration of offices, equipment and finance as well a, data collection 

and the writing of reports on the realization of financial budget. 

(e) On going improvement of the organization and the service system including institutional organiza

tion, procedures and working mechanism which comprise standardization and reporting system, etc. 

(f) 	Improving the information flow on policy in the mining and energy sector including electrification. 
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In order for the policy and activities to be carried out as planned and to achieve the target 
fixed, the supervision function must be improved, including con':ol, evaluation on development 
implementation and actions to maintain order in operations. Th,, improvement of the supervision 
function is done to facilitate monitoring the execution of all the policies and programs in the mining 
and energy sector including electrification, so that necessary action can be taken is an obstruction, 
violation or other similar event occurs. 

The supervision function is not merely carried by the inspectorate general and other ele
ments of the supervisional apparatus, but it isalso an activity and responsibility which attaches to the 
leadership function of ivery departmental organization unit. Control which aims to promote order 
for the sake of a clean and responsible Government will be encouraged on the basis of a planned, 
directed and balanced program. 

Supervision is not limited to phi -3')rogrami, but should be developed and shourd cover 
supervision of the Quality of the service of the state apparatus to the community. For. this purpose, 
the following steps will be taken. 

(a) 	 establishment and/or improvement of the criteria for supervision and examination; 
(b) 	 collection and processing of data which have been verified no inputs for control and evaluation; 
(c) 	 improvement of the quality of the funcitional supervision apparatus both in technical knowledge 

and skill and in administrative knowledge and -I-;"' 

(d) 	 improvement of the supervision and examination of routine programs and development projects; 
(e) 	. improvement of analytic activities and evaluation of inspection results in order to determine 

whether an activity is reaching or at least isheading towards target fixed; 

(f) 	 impl'ovement of functional supervision of the programs carried out by the mining ano energy 
institutional circle including electrification; 

(g) 	 improvement of the operational supervision of the management of each organizational unit in 
the carying out of duties and tasks by its staff. 

TABLE 23 

FINANCING OF THE THIRD FIVE YEARS DEVELOPMENT PLAN 
1979/80 - 1983/84 
(millions of rupiah) 

Mining and Energy 

1979/80 1979/80-1983/84CodeNume 	 Sector/Sub.Sector/Program Development Development
Number 	 Budget Budget 

03 	 The Mining and Energy Sector 392,854.3 2,943,893.0 
03.1 	 Mining Sub-Sector 36.381.6 415,323.0 
03.1.01 	 Mining Development Program 31,299.9 364,899.0 
03.1.02 	 Geology Development Program 5,081.7 50,424.0 
03.2 	 Energy Sub-Sector 356,463.7 2,528,570.0 
03.2.01 	 Electric Power Development Program 353,578.7 2,507,320.0 
03.2.02 	 Gas Power and Other Energies
 

Development Program 2,885.0 21,250.0
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APPENDIX II A
 

ITINERARY AND ORGANIZATIONS VISITED
 

1980
 

October 28 Washington, D.C. - World Bank, Bo Stenberg
 

November 15 Depart Pittsburgh
 

17 Arrive Jakarta
 

Endro Utomo
18 Office in Gedung Jaya 


19 Prof. Dr. Ir. Arismunandar, Director of
 
Power Development, DJK (Directorate General
 
of Power)
 

To office of Dr. Ir. Firman Tambunan
 

20 	 A. S. Nasution Ministry of Petroleum
 

Dr. Firman Tambunan, Ministry of Power
 

Omar Hasan, P. N. Tambang Batabura
 

21 	 Dr. Ir. Muljo Harsono, BPPT (Agency for the
 
Development and Application of Technology)
 

Faqir Iqbal, UNIDO
 

William Littlewood, US AID, Science and
 
Technology Advisor
 

22 Office
 

23 Jakarta
 

24 Train to Bandung
 

Ir. Ukar W. Sulistiyo, Research Engineer,
 
PPTM/MTDC (Mineral Technology Development
 
Center)
 

Bamang Sulasmoro, Director PPTM
 
Samsa Gandadisastra
 
Yuyun Basyuni, Chemist
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November 25 A staff member of the Director, Geological
 
Survey of Indonesia
 

Hardjono, Geologist, GSI
 

Renar Dadar, Geologist, GSI
 

Suharto Oemar, Analytical Chemist, GSI
 

26 Prof. Sudarno, Chem. Eng.
 

Prof. Kho, Chem. Eng.
 

Dr. Ambio Mangunwidjaya, Mining Eng.
 

Wibowo Suryo Dosen, Chem. Eng.
 

One other from Dr. Ambio's staff.
 

To Pelabuhanratu
 

27 Lime kiln in Bayah area
 

Cimadur River - Madur Hill mine
 

To Cisiik
 

To Jakarta
 

28 Office
 

A. Deeleman, President, Shell Indonesia
 

W. Littlewood, AID
 

29 Office
 

Ruben Hardy
 

30 Jakarta
 

December 1 	 To Padang - To Sawahlunto (Ombilin) with
 
Endro Utomo and A. S. Nasution
 

Soeharto 	 Vice Dir. of Aine
 
D. Projinto Mechanical Engineer
 
Somad Mining Engineer
 

2 
 Meeting with Ombilin personnel and
 
Director Suhandoyo
 

To Jakarta
 

Office
3 


(O3 
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December 4 Ministry of Industry 
Ir. Soebardi Soeria Atmaja 

Directorate General of Power 
Ir. Samaun Samadikun 

5 To L. P. Tanah (Institute for Soil Research) 
at Bogor 

Mr. Suhardjo 

Return to Jakarta 

6 Office 

Completed paper work 

7 Jakarta to Hong Kcng 

8 Hong Kong to Pittsburgh 
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INDONESIAN PERSONNEL CONTACTED
 
NOVEMBER 18 TO DECEMBER 6, 1980
 

Energy Resource Development (PKS)
Ir. Endro Utomo 


Director of Power Development (DPK)
Prof. Dr. Ir. Arismunandar 


Ir. A. S. Nasution Ministry of Petroleum
 

Dr. Firman Tambunan Ministry of Power (BKM)
 

Omar Hasam PN Tambang Batubara
 

BPPT, Agency for the Development
Dr. Ir. Muljo Harsono 

and Application of Technology
 

Ir. Ukar W. Sulistiyo 	 PPTM, Mineral Technology
 
Development Center
 

Bamang Sulasmoro Director PPTM
 

(Office of Director)
Samsa Gandadisastra 


Yuyun Basyuni Chemist
 

Hardjorno Geologist, Geological Survey
 
of Indonesia
 

Renar Dadar Geologist, Geological Survey
 
of Indonesia
 

Suharto Oemar Analytical Chemist, Geological
 
Survey of Indonesia
 

Prof. Sudarno Chemical Engineer
 

Prof. Kho Chemical Engineer
 

Dr. Ambio Mining Engineer 

Wiboro Suryo Instructor, Chemical Engineer 

Soeharto Vice Director, Ombilin Mine 

(continued)
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INDONESIAN PERSONNEL CONTACTED (continued)
 
Page Two
 

D. Projinto Mechanical Engineer, Ombilin Mine 

Somad Mining Engineer, Ombilin Mine 

Dir. Suhandayo Director 

Ir. Soebardi Soeria Atmaja Ministry of Industry 

Ir. Samaun Samadikun Directorate General of Power 

Suhardjo Soil Research Institute 
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MINISTRY OF
 
MINING AND
 

ENERGY
 

DIRECTORATEDIRECTORATE DIRECTORATE OF 
OF POWER
OF MINES OIL AND GAS 


IIDBK P
 
Mineral Oil and Gas Promotion Energy
 

and Resource
Technology Technology 

Development
Development Development Supervision 


Center (PPTM) Center (LEMIGAS)
 

" I I i I1 
Misc. Mines City Gas Batubara Pertamina PLN 

(Coal) (Oil) 

PARTIAL STRUCTURE OF THE MINISTRY OF MINING AND ENERGY
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DIRECTORATE GENERAL
 
OF POWER
 

DIRECTORATE DIRECTORATE SECRETARIAT 
ENERGY POWER
 
RESOURCE
 

DEVELOPMENT 

Data and
 
Information
 

Planning
 

, 
Implementation
 

Control
 
Supervision
 
Environment
 

*Sponsoring Subdirectorate
 

PARTIAL STRUCTURE 
OF 

THE DIRECTORATE GENERAL OF POWER 



APPENDIX IV
 

THE COAL POTENTIAL IN INDONESIA
 

Addendum 1-January 23,1981. 

The following is an addendum to my January 2, 1981 report
 

entitled "The Coal Potential in Indonesia". Facts of the coal
 

situation and several recommendations were made in the report.
 

This addendum is to answer some specific questions, some asked
 

in previous E/DI memoranda and others raised during the preparation
 

of the report.
 

In order to keep the data consistent, the following
 

base values and conversion factors are used:
 

1 metric ton = tonne = Te = 2205 lbs.
 

12,600 Btu/lb = 7,000 cal/gm (MAF)*
Coal = 
' 6 16 

1 Te coal = 27.8 x 1 Btu = 0.278 x1 cu. ft.
 
natural gas
 

= 4.8 bbl petroleum 

@ US$10/Te = $0.36/million Btu 

Peat = 9,200 Btu/lb = 5,100 Cal/gm (MAF) 

1 Te peat = 0.73 TeCE* 

1 Bbl petrcleum = 5.8 x 106 Btu = 0.23 TeCE 

@ US$50/bbl = $8.62/million Btu 

= 8,900 Kcal/cu m.Natural gas = 1,000 Btu/cu ft 


1 Million cu. ft. = 36 TeCE = 28,329 cu. m.
 

*MAF= Moisture and ash free
 

TeCE = Tonnes of coal equivalent 

1054.6 Joules = 1 Btu 
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Assuming that the present production rate of 1.6 million
 

barrels of petroleum per day (585 x 106 bbl/yr) will continue
 

until about 1990, the equivalent annual oil production amounts
 

to 122 x 106 TeCe. An attempt must be made to limit the
 6 
x 106eCE.domestic consumption of petroleum to no more than 65 


The ever increasing energy deficit must then be made up with
 

1 - hydroelectric plants, 2 - biomass, solar, wind or other
 

Hydrorenewable resource system and 3 - coal and peat. 


electric power systems are limited because the source of much
 

of the usable water is remote from the population centers
 

or industrial areas. Biomass also would have only local impact;
 

unless an energy dense, derived product is made its transport

ation would be uneconomical.
 

As a hasis for the projection of total energy dFmand to
 

the year 2000, data developed by Hartarto and Hidayat (reference
 

9 in the report) was used. Revised projections of the individual
 

energy sources were extcapolated. Next, it was assumed that
 

present petroleum production of 585 million barrels a year
 

(122 TeCE) would begin to decline about 1990 and its contrib

ution to the domest energy demand would also decrease.
 

Natural gas would also reach its peak production at about the
 

same time but its contribution to the total energy demand would
 

increase either directly or indirectly in the form of alcohol
 

or other synthetic fuel (Figure 1). It should be kept in mind
 

that the export of petroleum and natural gas provides a
 

large share of Indonesia's income. Furthermore, the estimated
 

x 109 barrels. At the present rate of
reserves are about 11 
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production, this resource will last about 20 
years.
 

Production does not cease precipitously but declines 
after
 

some point, now estimated to be about 1990.
 

(non-wood)
ESTIMATED ANNUAL ENERGY NEEDS 

Million tonnes coal equiv.
 

1995 2000
1985 1990 


65 63
Petroleum 43 60 


21 27
9.6 	 12 

2 2
 

Gas 


Water 1.2 2 


43 110
2 	 15.5
Coal 

13 	 25
Peat 0 1 


5 10
2 	 3
Other* 


93.5 149 237
Total 	 57.8 


10 	 9.7 9.7
%/year 


* Solar, wind, geothermal, etc. 

6 
of
In 1990, total energy needed will be 93.5 TeCE x 10 


which 60 comes from petroleum, 15.5 from coal and 12 from
 

The
 gas. The contribution from other sources is small. 


table should demonstrate the urgency of beginning work on the
 

In fact,
development of energy sources other than petroleum. 


costs at an economic level may prove to be secondary as the
 

Coal from the Bukit Asam 	area is projected
need develops. 


to cost US$70 per Te ($2.70/million Btu) delivered at
 

Suralaya. However, this is still about half the cost of
 

Other fossil fuel costs of
petroleum at 1980 prices. 


interest are Ombilin coal produced at US$28 Te and delivered
 

Peat should be available at about
at Padan for $44 a Te. 
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the same cost per tonne but the heating value would be
 

about 73 percent of the base coal used in this paper.
 

If you look back to estimates of only five or six years
 

ago (23), the expected coal production in 1980 was to be
 

In 2000 Indonesia hoped
5 to 6 million tonnes per year. 


These figures depended
to produce 26 to 36 million tonnes. 


almost entirely on the production and export of coal by
 

The Shell project foundered about 1975
N.V. Shell Mijnbouw. 


and it seems that only limited consideration was given to
 

domestic expansion. Extrapolation of current data, taking
 

into consideration the role of petroleum, indicates that
 

domestic consumption rates will be higher than originally
 

thought.
 

The harvesting, briqueting and utilization of peat as an
 

energy source and -.. gricultural medium are well established.
 

Under certain circumstances it would be reasonable to
 

tran-sport products made from peat to the areas of consumption.
 

If there is
Two possibilities are briquets and alcohols. 


serious interest in the utilization of peat, contact has
 

already been made with Bill Littlewood of USAID by me and
 

In
by the Institute of Gas Technology (IGT) on the subject. 


July 1979, IGT presented a three day conference on Peat
 

Management. Many interesting papers were presented.
 

Indonesian reserves of peat were not included because no one
 

As part of the planned tour by Indonesian
knew about them. 


experts, I would recommend that they plan to visit IGT
 

and even return home via Ireland, Finland and Russia.
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This is just a wild idea for the record concerning peat.
 

Most of the rivers I observed in Indonesia seemed to run
 

heavy with suspended matter that ends up deposited in the
 

deltas that obstruct transportation. The
ocean or as 


reasoning follows:
 

1. One of the recommendations being made is to
 

utilize peat which occurs mainly in low lying
 
areas.
 

2. Attempts have been made in the past to
 
establish farms on peat deposits but without
 
success because of high acidity and low
 
nutrient content.
 

3. The suspended solids in rivers are rich
 
in nutrients leached from the inland areas.
 

The voids left after peat extraction can
4. 

be used as settling basins for river water
 
before it flows into the ocean. These deposits
 
can then be developed as farm areas free of the
 
acidic peat.
 

If this plan is considered to be feasible, the
 

development of ppat bogs would be engineered with the above
 

ideas in mind. More specifically, the direction of
 

advance, handling of spoil, diversion of water, etc., would
 

be different from peat recovery alone.
 

The prospect of synthetic fuels production is brought
 

This general term should also include chemicals
up often. 


such as alcohols that can be used as solvents, a raw
 

material for industrial conversion to other chemicals or
 

to hydrocarbon fuels. Another important point to consider
 

is plant size. Production of 50,000 to 100,000 barrels per
 

day of synthetic liquid fuels is considered to be of economic
 

size in developed countries. Quantities of this magnitude
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At three barrels of
would require large amounts of coal. 


oil per ton of coal, a 75,000 BPD plant would require
 

If this amount is added
about 10 million tonnes a year. 


to the amount estimated for the year 2000 (110 x 106 Te)
 

the burden of production could be excessive since I doubt
 

that even the basic level can be achieved. In retrospect,
 

synthetic liquid fuels should be deferred indefinitely.
 

Synthetic gaseous fuels, on the other hand, are more
 

reasonable to contemplate. Although no plants will operate
 

before the year 2000, the product is more amenable to the
 

generation of a clean gas for fuel or conversion cata

lytically to chemicals or to liquid fuels. Again plant
 

size is an important consideration. Small fuel gas plants
 

can be purchased today from several suppliers.
 

The energy development plan must be moved into high
 

gear if anything,significant is to take place by 1984.
 

It is anticipated that action taken during Repilita III
 

would be the bridge to Repilita IV. A good bridge needs
 

a sound base.
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EXECUTIVE SUMMARY
 

1.0 Introduction 

InMay 1980 the first phase of the Energy Planning for Development
 

project was initiated, with the Biomass Assessment task carried
 

out in November. Biomass has historically been the primary energy
 

source in Indonesia, and acceleration of its development and use
 

isof great si.iificance inorder to avoid economic and social prob

lems as the limited supplies of kerosene being substituted for biomass
 

become exhausted or continue to escalate in price.
 

The significance of emphasizing biomass as an energy source is that
 

because of the climate, rainfall, and fertile conditions of the soil
 

in Indonesia there are great opportuaities to grow vast amounts of
 

this resource which can be converted into energy. Programs of ac

celerated growth of biomass and conversion to energy should be im

plemented now while there are funds available from the sale of fossil
 

fuels,and in preparation for future years when available fossil
 

fuels will be diminishing in quantity while population growth and
 

increasing use of energy continues.
 

Biomass is one of the major renewable energy sources which can be har

nessed for future use. An accelerated biomass program should provide
 

the greatest amount of energy in the near term at least cost. It
 

also is a program which can be carried out simultaneously throughout
 

the entire country in small-sized projects which will benefit not
 

only the people individually but also the national government if
 

the government can reduce or eliminate the present cost of subsidizing
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kerosene use. Biomass energy should therefore be given the highest 

priority in early implementation programs in order to develop energy 

self-sufficiency for Indonesia without the use of fossil fuels. 

This Biomass Assessment component of the Energy Planning for Develop

ment Project is intended to assist in the development of policies
 

and programs to enhance the use of biomass as an energy resource.
 

2.0 	 Biomass Resource Base
 

Section 2.0 describes the biomass resource base in Indonesia.
 

Indonesia is blessed with abundant renewable resources of biomass.
 

The question is whether these renewable resources can supply sig

nificantly more energy, commercial as well as non-commercial, without
 

adverse effects on the food and fiber supply. Currently, 122 million
 

hectares are in forest and are classified as 47 million hectares
 

production forest, 40 million hectares protection forest, 10 million
 

hectares conservation forest, and 25 million hectares reserved
 

forest. Unproductive land in Indonesia amounts to 42 million hec

tares. Current use of woody biomass for energy has increased by
 

2.2 percent per year during the period 1969-1976, with consumption
 

exceeding recorded production by some 36 million tonnes in 1976
 

on Java alone.
 

Where 	there isa shortage of fuelwood, such as on Java, the use
 

of agricultural wastes and the home garden's potential for firewood
 

are important. Data indicate that if home gardens were well
 

managed they could contribute up to 60% of the fuel demand of a
 

village community.
 



Table 2-4 provides an estimate by the Forest Products Research
 

Institute of Bogor, of the TCE (Tonnes Coal Equivalent) of energy
 

produced from combined firewood and agricultural waste production
 

from 1969 to 1978. The corresponding BOE (Barrels of Oil Equivalent)
 

can be obtained by multiplying these figures by a factor of 5.05.
 

Table 2-5 shows that approximately 122 million of the 190 million
 

hectares of land in Indonesia are in forests, with the remaining
 

used for agriculture or comprising wasteland. According to the
 

Directorate of Reforestation and Rehabilitation, unproductive land
 

in Indonesia in need of rehabilitation amounts to 42 million hectares,
 

broken down as follows:
 

Denuded forests and second growth 23 million hectares 

Denuded soils and alang alang 16 million hectares 

Rainfed agricultural land 3 million hectares 

Twenty million of the 42 million unproductive hectares are considered
 

critical or seriously eroded:
 

Alang alang (Imperata cylindrica) 13 million hectares
 

Secondary growth (belukar) 4 million hectares
 

Rainfed cropland (tegalan) 3 million hectares
 

Wastelands on Java count 4 million hectares or more than 30 percent
 

of the total land area.
 

Development of biomass for energy on the 42 million unproductive
 

hectares alone would provide much of the fuelwood required to meet
 

cooking needs on Java and the outer islands. Currently, non-wood
 

residues are not being fully exploited for energy, and although
 



reliable data are lacking, such residues are extremely significant
 

especially for .,nsely populated areas such as Java.
 

3.0 	Trends in Extent of Biomass Resource Base
 

On Java a burgeoning population uses mcre and more land to grow food,
 

and in doing so leaves less and less land to grow fuelwood, the
 

traditional cooking fuel for the rtiral and large parts of the urban
 

population. The rural population can no longer supply the needed
 

fuelwood from private properties, and inpilfering from public lands
 

contributes to deforestation and attendant erosion. Scarce popula

tions, abundant renewable resources, forest exploitation, and clearing
 

for transmigration projects characterize significant portions of the
 

outer islands, however, especially Kalimantan and Sumatra.
 

It is apparent that deforestation is continuing of mountain slopes
 

previously unexploited. The expansion of new transmigration popula

tions in portions of previously uninhabited islands isalso resulting
 

in further deforestation in those areas as forest lands are put into
 

agricultural production. The consequence of such patterns is reflected
 

in the reduction of production of fuelwood and agricultural wastes
 

in heavily populated areas such as Java, as shown in Table 2-4.
 

4.0 	Current Utilization of Biomass
 

Section 4.0 describes the current utilization of biomass. It is seen
 

that, on an equivalent basis, firewood and waste still contribute
 

about 50% of the energy of the country, although the use of gas and
 

oil is increasing dramatically. The fossil fuel resource is rapidly
 

declining, however, while firewood and wastes are renewable resources.
 



It therefore cannot be over-emphasized that all possible efforts
 

must 	be made to reverse the trend and expand the renewable firewood
 

and waste resource base in order to conserve and become increasingly
 

independent of fossil fuels.
 

5.0 	Potential for Future Use
 

There are several programs underway to increase biomass resources
 

in Java and other densely populated islands. These include dissemi

nation of seeds and seedlings of fast growing trees, experimental
 

plots of fast growing trees, and research on soil characteristics
 

relating to increased biomass production. It isenvisioned that
 

extensive fuelwood plantations could be developed on the so-called
 

wastelands of Java, comprising some four million hectares. The yields
 

of these impoverished soils coild be improved by the planting of legu

minous trees, and an annual yield of only 10 tonnes per hectare would 

be more than the present fuelwood consumption on Java. A significant 

portion of the fuelwood demand on Java by the years 1990 and 2000 

could be provided, especially if the remaining 16 million hectares 

of marginal land were put into production. 

It isalso possible to convert biomass on other islands with sur

pluses to higher forms of energy for transport to Java and other areas
 

of biomass deficiencies. This potential is described indetail in
 

Section 5.0.
 

6.0 	 Barriers to Use
 

The barriers to increased biomass use are described in Section 6.0.
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These include availability of land, potential for nutrient depletion,
 

unknown effects of introducing new tree species into the agricultural
 

sector, high cost of converting blomass to more concentrated energy
 

forms, and difficulty of transport inorder to balance areas with
 

biomass surpluses with areas of deficiencies.
 

7.0 	Current Policies and Projects
 

Repelita III, the third ,;ve-year plan (1980-1984) emphasizes several
 

major points relating to energy. One is to enhance conservation of
 

kerosene and other oil resources by substituting other energy sources
 

such as biomass, and another is implementation of programs to use
 

renewable energy sources such as biomass.
 

The government of Indonesia is therefore implementing a large number
 

of important biomass projects, which are described in Section 7.0.
 

Although the effort currently being made is great, further acceleration
 

is necessary inorder to provide sufficient biomass for energy in
 

the future and reverse the trend of deforestation and attendant erosion
 

problems.
 

3.0 	Recommended Steps inDevelopment of Biomass Resources
 

A comprehensive program of recommendations to develop additional
 

renewable biomass energy sources is provided in Section 8.0. Some
 

of these recommendations are:
 

1. Fast growing trees and development of an integrated wood energy
 

village concept for transmigration areas: Several new tree
 

species are recommended for evaluation, and the Terms of 



Reference for a demonstratlon wood energy village is provided 

in Appendix C. 

2. Char- al Production and Use: Increased use of charcoal from
 

ravaled forests or woodlots and Increases in the efficiency of 

charcoal production can play a F-sitive role in avoiding the 

dual problems of defor.station , I increased kerosene use. De

vEloPlnnt and demonstration programs are recommnded on: the 

charcoal marketing and distribution system particularly the 

concept of charcoal centers, improved cooking devices, and char

coal produr*tio from agricultural wastq:s.
 

3. Utilization of Wood Residues: Very large amounts of logging 

and sawmill wastes (many million cubic meters annually) are 

av'ailable for more effect've use - partierjlarly by the wood 

products industry itself. Studies are required of possibilities 

of satisfying internal oeeds and the possibility of charcoal
 

prOduct ion.
 

4. Advanced Conversion Technology: Additional improvements in
 

pyrolysis technology should be supported and the commercialization 

of this tehnology should be 3ccelerated through low interest 

106"s or other veans. Research and development on low calorific 

gas generators usiw;g agricultural wastes, advanced wood and 

wood residue gasifiers should continue to be supported. 



ASSESSMENT OF BIOMASS AS AN ENERGY RESOURCE IN INDONESIA
 

1.0 INTRODUCTION 

Biomass has traditionally been the primary energy source In Indonesia,
 

but as population densities have increased on various islands, especi

ally Java, biomass materials have often become insufficient to meet
 

the demand. The result has been deforestation of not only those areas
 

where food production is necessary to support the population, but also
 

some mountainous areas which are unsuitable for growing of crops. These
 

steeply sloping areas which have become denuded of forests are often
 

subjected to severe erosion problems.
 

The rapid development of oil and gas In the past decade has provided
 

a degree of energy relief, since kerosene can be used as a cooking
 

fucl as well as for lighting purposes. The government is assisting
 

the people to meet high energy costs by subsidizing the cost of kero

sene. However, this subsidy, estimated to amount to 360 million U.S. 

dollars in 1979 alone, is cutting drastically into export earnings.
 

Since 80% of Indonesia's population live inrural areas, many of
 

which are taking advantage of the subsidy to convert to kerosene

based cooking, itwill become an increasingly serious national prob

lem of demand for this fossil fuel unless the biomass resource base
 

is developed and used more efficientT,
 

The ,- eniment of Indonesia's (GOI) response to the problem of meeting 

the country's energy demands while maximizing petroleum export earnings
 

is found inRepelita III, the third five-year plan (1980-1984). The
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plan emphasizes three points relating to energy: 'i)accelerated ex

ploration of conventional fossil fuel sources; 2) enhanced conservation
 

of kerosene and other oil resources by substituting other energy sources;
 

and 3) intensified research, development and use of renewable sources
 

such as biomass.
 

The report which follows is an assessment of biomass as an energy re

source in Indonesia. Of course, many highly qualified engineers and
 

scientists in Indonesia and from abroad have made related assessments,
 

and in this case the data available are used to provide the biomass
 

component of the Energy Planning for Development Project. The results
 

are intended to assist in the development of policies and programs
 

to enhance the use of biomass as an energy resource.
 

Included in the biomass assessment reported herein is an eAtimate of
 

the extent of the resource base and trends which would affect the bio

mass resources available for energy. The extent to wihich biomass is
 

currently used for energ., .. Estimates are
urposes is then quantified. 

then made of the technical potential for economical use of wood and 

crop residues as an energy resource in the future, as well as the 

major barriers that must be overcome if the various 6iomass resources 

are to te used at their maximum potential. 

Current policies and projects relating to biomass energy research,
 

demonstration, pilot plants, and operational plants are described.
 

Section 8 consists of recommended programs in the development of
 

increased fulfillment of energy needs through the use of biomass.
 

Finally, an evaluation ismade of the significance of the conclusions
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drawn on the biomass assessment, the benefits which could be derived,
 

and further general recommendations with respect to Energy Planning
 

for Development.
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2.0 	 BIOMASS RESOURCE BASE
 

Indonesia is blessed with abundant renewable resources; it is the
 

extreii-ely high population density on Java and Madura that threatens
 

to overwhelm the resources of these two islands.
 

2.1 	 Fuelwood
 

Long before using other material as fuel, the Indonesian community
 

has used firewood and agricultural waste products. These materials
 

are used as fuel mainly in the village community, where because of
 

the low income level, firewood and agricultural waste products play
 

an important role for cooking purposes. Villagers obtain much of
 

their firewood and agricultural waste products from their own home
 

garden (pekarangan). When this supply becomes exhausted they look
 

for firewood on public lands such as Government forests.
 

The 	home garden's potential for firewood is important. Many studies
 

have been made of fuelwood production and consumption. Hardjodarsono
 

(1978) stated that a coconut tree, for instance, can give a fuel
 

supply from the leaf's mid rib as large as 48 kg/year; from the
 

3

coconut-fiber and shell the estimated production is0.5678 m /year.
 

The trees at the home garden produce an average yield of 1,622 m3/
 

family/year. According to a survey of the LPHH (Research Institute
 

for Forest Products) in 1971 the average need of firewood for one
 

family is 2,510 m3/year in East Java. Based on these data, ifall
 

ho-me gardens were well managed, they could contribute E% of the
 

fuel demanded by the village community.
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Table 2-1 describes production and consumption of fuelwood in 1976
 

on Java and the outer Islands. On Java, consumption exceeded re

corded production by some 36 million tonnes in 1976. The discrepancy
 

is made up of fuelwood production in home gardens, farm plot bound

aries, community lands, and pilfering from public lands, inwhat
 

proportions isnot known.
 

TABLE 2-1.
 

FUELWOOD PRODUCTION AND CONSUMPTION
 

IN FORESTS IN 1976* (TONNES)
 

Java Outer Islands Total
 

Production 1,251,046 21,303,819 22,554,865
 

Consumption 37,126,680 23,107,751 60,234,431
 

(after HardJodarsono, 1978)
 

*Production is measured and recorded as thinnings from managed
 

forests, logging, and forest industry residues, as well as
 

wood from estates and agricultural enterprises (e.g., rubber
 

trees) which is used as fuelwood. Itdoes not include total bio

mass production by photosynthesis in Indonesia.
 

Consumption is based on a conservative estimate of per cape.;
 

consumption. A number of studies are being made on present
 

and future fuelwood consumption.
 

2.2 	 Agricultural Residues
 

The amount of agricultural products produced in 1978 has been esti

mated (Statistical Pocketbook of Indonesia 1978/1979) to be as
 

shown in Table 2-2.
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Wet Land Paddy
 

Total Area 


Production 


Dry Paddy
 

Total Area 


Production 


Maize
 

Total Area 


Production 


Cassava
 

Total Area 


Production 


Sweet Potatoes
 

Total Area 


Production 


TABLE 2-2.
 

AGRICULTURAL PRODUCTION IN 1978
 

Total 


Java and Madura 


Other Islands 


Total 


Java and Madura 


Other Islands 


Total 


Java and Madura 


Other Islands 


Total 


Java and Madura 


Other Islands 


Total 


Java and Madura 


Other Islands 


-6

7,653,046 ha
 

24,265,578 tonnes
 

15,205,652 tonnes
 

9,059,926 tonnes
 

1,240,334 ha
 

1,614,460 tonnes
 

436,446 tonnes
 

1,177,014 tonnes
 

3,027,849 ha
 

3,885,389 tonnes
 

2,818,637 tonnes
 

1,036,752 tonnes
 

1,382,854 ha
 

12,960,655 tonnes
 

9,470,679 tonnes
 

3,489,976 tonnes
 

292,550 ha
 

2,234,559 tonnes
 

1,007,077 tonnes
 

1,227,482 tonnes
 



TABLE 2-2. (CONT'D) 

AGRICULTURAL PRODUCTION IN 1978 

Peanuts 

Total Area 514,077 ha 

Production Total 439,221 tonnes 

Java and Madura 322,029 tonnes 

Other Islands 117,152 tonnes 

Soybeans 

Total Area 741,252 ha 

Production Total 570,861 tonnes 

Java and Madura 450,466 tonnes 

Other Islands j20,395 tonnes 

(Statistical Pocketbook of Indonesia 1978/1979, 1979)
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The agricultural wastes produced in 1977 are estimated to be as shown
 

in Table 2-3.
 

TABLE 2-3.
 

CROP RESIDUES IN 1977
 

1000's of Tonnes 

Dried Stalk Paddy 933.89 

Rice Hulls 337.32 

Mai ze 62.83 

Sweet Potatoes 246.04 

Cassava 1,201.56 

Soybeans 30.60 

Peanut (unshelled) 34.06 

Coconut (unshelled) 1,434.11 

Fruits 363.01 

Vegetables 151.55 

Bagasse 3,137.18 

Total 7,932.18 

(Statistical Pocketbook of Indonesia 1977/1978)
 

A compilation of combined firewood and agricultural waste production
 

inJava and outside Java for the years 1969-1978 has been prepared
 

by the Forest Product Research Institute as follows and shown in
 

Table 2-4.
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TABLE 2-4. 

FIREWOOD AND AGRICULLRAL WASTE PRODUCTION 

IN JAVA AND OUTSIDE JAVA. 1969-1978 

(TCE)1 

Year Java Outside Java Total 

1969 21,455,562 26,054,774 47,510,336 

1970 22,457,946 28,493,981 50,951,927 

1971 22,592,511 30,398,157 52,990,668 

1972 22,013,257 30,341,687 52,354,944 

1973 24,070,068 35,986,539 60,056,607 

1974 24,441,829 36,136,553 60,578,382 

1975 23,759,481 29,959,299 53,728,780 

1976 22,492,734 32,491,492 53,984,226 

1977 21,518,186 32,105,386 53,623,572 

1978 20,543,639 32,718,759 53,262,398 

1TCE = Tonnes Coal Equivalent 

Note: 1 TCE = 5.05 BOE 

Source: Research Institute of Forest Products, Bogor 
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2.3 	 Forestry and Forest Product Residues
 

Forests are an Important source of biomass as shown in Table 2-5.
 

TABLE 2-5.
 

FOREST AREA IN INDONESIA
 

Land Area Forest Area Ratio to Total Land
 

Island (1,000,000 ha) (1,000,000 ha) (Percent)
 

Java & Madura 13.2 2.9 21.8
 

Sumatera 47.4 28.4 60.0
 

Kalimantan 53.9 41.5 76.9
 

Sulawesi 18.9 9.9 42.4
 

Nusa Tenggara
 
& Bali 7.4 2.0 27.7
 

Maluku &
 
Irian Jaya 49.7 37.5 75.5
 

Total 190.b 122.2 64.2
 

(Source: Directorate General of Forestry, 1975)
 

Of the 190 million hectares of land in Indonesia, about 24 million
 

hectares or 13 percent can safely be used for agricultural plirposes. 

An additional 26 percent or 51 million hectares cpn be used for ag

riculture provided appropriate conservation measur-s be taken. Some 

60 percent or 115 million hectares should be in forest. 

Currently, less than half of the total forest area is classified as
 

production forest as is shown inTable 2-6.
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TABLE 2-6.
 

CLASSIFICATION AND AREA OF FORESTS
 

Area Percent of Total 

Classification (1,000,000 ha) Forest Area 

Production Forest 40 32.8 

Protection Forest 47 28.5 

Conservation Forest 10 8.2 

Reserveei Forest 25 20.5 

Total 122 100 

(Source: Directorate General of Forestry, 1975)
 

On the islands of Java and Madura, 1,845,000 ha (64 percent of total
 

forest area) are classified as production forest out of a total forest
 

area of 2,900,000 ha and total land area of 13,200,000 ha, which represents
 

only 14 percent of the total land area on the two islands. Most of
 

this production forest isman made and consists of teak (Tectona
 

grondis), pine (Pinus rerkusii)and several other species.
 

According to DITSI (Directorate of Reforestation and Land Rehabilita

tion) there are 42 million hectares of unproductive land in Indonesia
 

inneed of rehabilitation, and of these, 20 million hectares are con

sidered critical or seriously eroded. The breakdown of these critical 

land areas is as follows: 

13 million hectares alang-alang (Imperata cylindrica)
 
1 illion hectares secondary growth (beluka)
 

3 million hectares rainfed agricultural land (tegalan)
 

20 million hectares
 
-11



Four million hectares of waste land are on Java and constitute more
 

than 30 percent of the total lanid area. (Source: Forestry for
 

Industrial and Rural Development in Indonesia, Forestry Faculty IPB,
 

Bogor, 1979.)
 

Predictions are that the situation is rapidly getting worse, especially
 

on Java.
 

In comparing Table 2-1 with Table 2-5 it is seen that much of the po

tential for obtaining firewood from forests in Indonesia ispresently
 

not utilized. For example, the 122.2 million ha of forest area shown
 

in Table 2-5 produces annually at least 10 tonnes of biomass per ha
 

by normal photosynthetic growth, which amounts to 1222 million tonnes
 

annually. This ismore than 50 times the amount which is used for fuel

wood, shown in Table 2-1. On a conservative basis of two BOE equivalent
 

to one toniie of wood, the energy potentially available annually from
 

forests in Indonesia is 2444 million BOE, far more than the present
 

oil proruction of the country.
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3.0 TRENDS INEXTENT OF BIOMASS RESOURCE BASE
 

Q.1 Deforestation
 

Although estimates of potential blonass resource available inthe form 

of normal unharvested growth suggest vast energy supplies in the form 

of biomass, deforestation is already an acute problem in Indonerld. 

On Java, a burgeoning population uses more and more land to grow food
 

and in doing so leaves less and less land to grow fuelwood, a traditional
 

cooking fuel for the rural and large parts of the urban popt lation.
 

The rural population can no longer supply the needed fuelwood from 

its own property, and in pilfering from public lands contributes to 

deforestation and attendant erosion, serious problems in their own 

right. Scarce populations, abundant renewable resources, forest ex

ploitation, and clearing for transmigration projects characterize
 

significant portions of the outer islands, however, especially Kali

mantan and Sumatra.
 

In this situation, it is apparent that deforestation iscontinuing
 

to spread on Java into additional areas such as fertile river banks
 

and mountain slopes previously unexploited. The expansion of new
 

transn,;gration populations in portions of previously uninhabited
 

islands isalso resulting in furtiier deforestation in those areas
 

as forest lands are put into agricultural production. rhe consequence
 

of such patterns is reflected in the reduction of production of
 

fuelwood and agricultural waste products, such as shown inTable 2-4
 

above. Combined with an annual increase in fuelwood consumption
 

similar to that reported by the Ministry of Agriculture during the
 

period of 1969-1976 of 2.2 percent per year, the trends suggest the
 

need for increasing the role of alternative energy production strategies.
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3.2 	Agricultural Crops Which Produce Residues
 

One opportunity to increase biomass availability for regions (such
 

as Java) with large discrepancies between production and consumption
 

is to export surplus agricultural and woody residues from the trans

migration areas to the supply short regions. Inthis context, it is
 

expected that traditionally grown crops such as :weet potatoes and
 

cassava and residues such as straw, hulls, leaves, inflorescences,
 

etc., harvested innew areas may supply useful residues for energy
 

purposes. While these crops do not hold much promise for direct ex

port 	to fuel deficient areas such as Java, their conversion to other
 

fuel 	products such as charcoal or densified pellets may enhance the
 

viability of export of such residues.
 

A second opportunity to increase the amount of agricultural crops or
 

residues available for energy consumption involves the production
 

of alternative fuel feedstocks from biomass such as Euphorbia sp. and
 

other petroleum plants, or from Lalang or Imperata, a small genus of
 

closely allied grisses of the family Gramineae. Such feedstocks have
 

the potential to increase production of biomass energy, although
 

their use at present is only minimal.
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4.0 	CURRENT UTILIZATION OF BIOMASS
 

Included in this chapter is a summary of current patterns of biomass
 

utilization In Indonesia, emphasizing technologies, and current
 

consumption patterns which relate to the use of biomass for energy.
 

Consumption of fuel wood and agricultural waste is examined. Official

and unofficial policies and/or programs instituted by the government
 

to promote biomass energy are included wherever appropriate.
 

Firewood isthe most widely accepted and used biomass resource in
 

Indonesia at the present time, with its main use being for household
 

and industrial purposes. Uses in the household, especially in rural
 

areas 	is almost exclusively for cooking. Insmaller industries, fire

wood 	is used as a fuel in the food processing (soya bean cake factories,
 

bakeries) industries, while non-food industries such as batik manufac

turing, tobacco manufacturing, tea plantations, leather factories,
 

and brick and tile manufacturing also resort to firewood for energy.
 

In the transport sector, only old locomotives of the railroads still
 

bu.n firewood as a fuel.
 

The use of agricultural waste for energy purposes has been more limited
 

than 	that of firewood. Several reasons are offered for this, including
 

technical, economic and social constraints such as diseconomies in
 

collection and pre-processing of waste materials, present use and
 

adaptation as fertilizer for crops, and reluctance to adopt new methods
 

of handling waste products (for further discussion of constraints to
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use of biomass resources for energy, see Section 6.0). Table 4-1 il

lustrates best available data on total consumption of fuelwood and
 

agricultural wastes in Indonesia, according to geographical region
 

and economic sector (i.e., household, industry and transportation).
 

Because of population density differences, the fuelwood conditions
 

of Java and the other islands are considered separately.
 

Excellent summaries of biomass production, consumption and relation

ships to other energy sources utilized in Indonesia have been prepared
 

by Arismunandar (1979), Kadir (1979) and Kadir and Arismunandar (1980).
 

Excerpts from these papers are presented below.
 

Table 4-2 gives figures on production and consumption of firewood and
 

agricultural waste from 1967 up to 1976.
 

The above table shows that, on the whole, a surplus consists of pro

duction over consumption of firewood and agricultural waste. This
 

surplus, however, stems from outside Java. On Java itself, consumption
 

isgradually growing faster than production, and since 1976 consumption
 

has overtaken production on Java.
 

Table 4-3 compares the consumption of firewood and agricultural waste
 

to that of oil in Indonesia, expressed in million tonnes coal equiva

lent.
 

It is seen inTable 4-3 that growth trends of both firewood and waste
 

and those of oil were about the same in the years 1967 up to 1971.
 

Starting from 1972 oil consumption grew at a much faster rate, in
 

1976 reaching a consumption more than twice of that in 1967, while
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Table 4-1
 

Consumption of fuelwood and agricultural waste
 

CM Million Tonnes) 

OUTSIDE JAVA GRAND TOTAL

jYEAR 3 A V A 


Growth
House. Indus- Total Total

House- Indus- Trans- Total 

hold try port hold try (%)
 

-
1967 16.03 5.55 	 0.11 21.69 11.83 0,89 12.72 34.41 


0,07 22,36 12.77 0.90 13.67 36.03 4.7
 
1968 17.15 5.14 


14.78 39.56 9.8
 
1969 18,36 6.32 	 0.10 24,78 13.79 0.99 


14.90 0.94 15.84 41.74 5.5

1970 19,66 6.15 0.09 25.90 


1971 20,91 6.79 0,07 27,77 15,97 0.98 16.94 44.71 7.1
 

0,03 29,94 16,91 0.99 17,90 47.84 7.0
 
1972 22,05 7,86 


1973 23,66 6,92 0,01 30,59 18,26 1,03 19,29 49.88 4.3
 

8,54 0,02 33,83 19,71 1,02 20.73 54.56 9.4
 
1974 25.27 


1975 27,04 8,04 0,07 35.15 21;26 1,06 22,32 57.47 5.3
 

61.31 6.7
 
1976 29,54 7.53 	 0.06 37,13 23,11 1,07 24,18 


Source t Ir,HM,S, Hardjodarsono M,Sc. 1 Firewood and Agricultural Waste
 

and Its Prospects in Indonesia (1978)
 

.
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Table 4-2 

consumption "of 'firewood arid 'agrtcuttural waste'Production and 

Cin Million Tonnes) 

YEAR JA V A OUTSIDE JAVA T O T A L 

Pro-
duc-tion 

Con-
KWip,tkon 

Surn-
plus 

Pro-
ductton 

Con-
sump-tion 

Sur-
plus 

Pro-
duc'tion 

Con-
sump-tion 

Sur
plus 

1967 32.43" 21.69 10.74 35.01 12.72 22.29 67.44 34.41 33.03 

1968 .35.62 22.36 13.26 41.27 13.67 27.60 76.89 36.03 40.86 

1969 35.01 24.78 10.23 35.03 14.78 20.25 70.38 39.56 30.82 

1970 36.64 25,90 10.74 44.03 15.84 28.19 80.67 41.74 38.93 

1971 36.86 27.77 9.09 47.96 16.94 31.02 84.81 44.71 40.10 

1972 35.58 29.94 5.64 47,44 17,90 29.54 83.03 47.84 35.19 

1973 39.27 30.59 8.68 51.61 19,29 32.32 96.89 49.88 47.01 

1974 39.88 33.83 6.05 54,71 20.73 33.99 94.59 54.56 50.03 

1975 38.77 35,15 3.62 50,88 22.32 28.56 89.70 57.47 32.23 

1976 36.70" 37.13 0.43 51.87 24.18 27.69 88.57 61.31 27.26 
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TAble 4-3 

,Consumption of ,ffrewood and 'agricultural waste, and oRl 

(In Million Tonnes -Coal Equiralsht or TCE) 

YEAR FIREWOOD 0 1 L TOTAL RATIO
 
+ WASTE
 

106TCE 106TCE I 1O6TCE 	 A C 

(A) (B) 	 (C) 

1967 11.47 100 7.38 100 18.85 100 60.8
 

1968 12.01 104.7 7.72 104.6 19.73 104.6 60.9
 

1969 13.19 114.9 8.07 109.3 21.26 112.8 62.0
 

1970 13.91 121.2 8.66 117.3 22.57 119.7 61.6
 

1971 14.90 129.9 9,55 129.4 24.45 129.7 60.9
 

1972 15.95 139.1 10.96 148.5 26.91 142.7 59.3
 

1973 16.63 144.9 12.78 173.2 29.41 156.0 56.5
 

1974 18.19 158.6 14,56 197.3 32.75 173.7 55.5
 

1975 19.16 167,0 16.37 221.8 35.53 188,5 53.9
 

1976 20,44 178.2 18.42 249.5 38.86 206,2 52.6
 

Source: (For Oil) : TKT.BBM.E Department for Mines
 

Note: 	The above Table indicates that firewood and waste
 
consumption increased at percentage rates greater
 
than the percent increese in population from 1967
 
to 1976. This is probably not the case, since
 
kerosene has been used increasingly as a cooking
 
fuel substitute, and illustrates the need for more
 
detailed data on firewood and waste consumption.
 

-19



firewood and waste grew only about 78% inthe same span of years.
 

Itmay be interesting also to draw a total picture of consumption
 

of all kinds of primary energy, which shows the role which firewood
 

and waste plays in this total energy budget. Table 4-4 shows the
 

consumption of firewood and waste, oil, gas, coal and waterpower
 

for the years 1967 to 1976, expressed in million tonnes of coal
 

equivalent.
 

From Figure 4-4 it isobserved that the two main ingredients of the
 

energy budget are firewood and oil: firewood as a strong first in
 

the Sixties, and oil as a secon, together making up for more than
 

95% of total consumption, and the balance being made up by gas, coal
 

and hydropower.
 

Inthe Seventies relative weights changed. Although in absolute
 

terms still growing, percentage-wise consumption of firewood declined. 

On the other hand, consumption of oil griw, both inabsolute amounts
 

as well as in percentage, arriving in 1976 as a very close second
 

in total energy use, and most probably overtaking wood and agricul

tural waste within a short time.
 

Inthe absence of sufficient quantities of firewood materials for
 

household,cooking, ithas been necessary to resort to the use of
 

increasing .anounts of kerosene for both cooking and lighting pur

poses. Table 4-5 shows a recent compilation of household energy
 

uses from which it is seen that kerosene use is increasing by ap

proximately 10% per year, while charcoal, which is a common fuel
 

source in many countries, is not being developed in Indonesia.
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Tab Ie 4-4 

Consumpt$ton of 'Primary Energy
 

(U Million Tonnes Coal Equivalent)
 

G A S C O A L IYDRO TOTAL
YEAR FIREWOOD 0 L 

106TCE % I06TCE % 106TCE % IO6TCE % IO6TCE % 06TCE % 

0.6 19.79 100
1967 11.47 57.9 1.38 37.3 0.66 3.3 0.17 0.9 0.11 

1968 12.01 56.8 7.72 36.5 1,13 5.3 0.15 0.7 0.14 0.7 21.15 100 

1969 13.19 58.4 8.07 35,7 1.02 4.5 0.17 0.8 0.15 0.6 22.60 100 

0.8 0.15 0.6 23.76 1001970 13.91 58.5 8.66 36.4 0.88 3.7 0.16 


0.7 0.18 0.7 26.01 100
1971 14.90 57.3 9.55 36.7 1.19 4.6 0.19 


1972 15.95 57.0 10,96 39.2 0.72 2,6 o.19 0.7 o.16 0.5 27.98 100
 

1973 16.63 55,5 12,78 42,7 0.23 0.8 0.13 0.4 0.19 0.6 29.96 100
 

0.23 0.7 34.03 100
1974 18.19 53.5 14.56 42.8 0.90 2.6 0.15 0.4 


1975 19.16 50.9 16,37 43.5 1.69 4.5 0.19 0.5 0.24 0.6 37.65 100
 

1976 20.44 49.4 18,42 44.5 2.02 4.8 0.27 0.6 0.22 0.5 41.37 100
 

0) Including Agricultural Waste 

* Natural Gas and Liquified Petroleum Gas
 

Source: (For Oi and Gasl ; TKT,BBME, Department for Mines 
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Table A -5
 

QUANTITY OF ENERGY USED BY HOUSEHOLDS IN INDONESIA *
 

X 1000 TCE
 

ENERGY TYPE
 

0 I L L P G CHARCOAL FIREWOOD & 

AGRICULTURAL WASTE 

Y E A R 

(KEROSENE) 

34 	 17 349
1974 3 171 	 22 


33 42 19 038
1975 	 3 636 

IN3 

21 221
3 948 38 44 


23 158
 

1976 


1977 4 390 41 *52 


38 25 310
1978 4 786 30 


27 315
1979 5 269 	 32 34 


program of energy modeling: report under preparation (1980)• BPPT/Bechtel 



Inorder to provide assistance to the people with low income levels
 

who must resort to the use of kerosene, the Indonesian government
 

has subsidized its cost. This has resulted in benefits to the poor
 

people, but since 1969 the increase in kerosene use has become so
 

great that substantial amounts must now be imported to meet the
 

demand. Ithas been seen inthe many surveys made that dependence
 

on kerosene increases with proximity to cities and heavily populated
 

areas, and that 80% of household consumption isfor cooking, with
 

20% for lighting purposes.
 

The amount of kerosene used for household purposes in the period
 

1969-1978 is shown inTable 4-6.
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Table 4 -6 

CONSUMPTION OF KEROSENE BY THE HOUSEHOLDS * 

1969 - 1978 (kilo litre) 

Year Sale of kerosene Consumption of 
kerosene by the 

Consumpti'on of 
kerosene for 

households cooking only 

1.728.042
1969 2.700.o67 2.160.053 

1970 2.732.195 2.185.756 1.748.604 

1971 2.817.548 2.254.038 1.803.230 

2.116.211
1972 3.306.580 2.645.264 


2.356.464
1973 3.681,977 2.945.581 


1974 4,258.050 3.406.440 2.725.152
 

3.124.9041975 4.882.663 3.906.130 

3.393.741
1976 5.302.722 4.242.177 


1977 5,895.330 4.716.264 3.773.011
 

1978 6.426.000 5.140.800 4.112.640
 

* Source: Directorate General of Oil and Natural Gas (1978) 

Progress Report "Utilization of Firewood and Agricutlure'. Waste in 

Indonesia", Satyawati Hadi, et al, LPiIIl (April 1979), 
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5.0 	POTENTIAL FOR FUTURE USE
 

Inorder to assess the potential for future use of biomass as an
 

energy resource, it is necessary to consider the geographic and
 

demographic characteristics of Indonesia, Each island isan entity
 

unto itself, and movement of biomass fuels between islands would
 

include transportation to dockside, loading onto boats, ship trans

port to the island of destination, offloading of the boats, and
 

transportation to distribution networks on the receiving island.
 

This multi-handling process results in very high transportation
 

costs between islands, and firewood which has not been processed
 

to charcoal or other concentrated energy forms does not have suf

ficient energy per unit weight or per unit volume to justify the
 

transportation costs.
 

Infurther consideration of geography and demography, Java has an
 

extremely high population; densities on most of the other islands
 

are comparatively low. Some 70% of the population of Indonesia
 

lives on Java alone. Therefore, while firewood and agricultural
 

wastes are used for household cooking purposes throughout Indonesia,
 

it isonly on Java and op a few other heavily populated islands
 

that there has become a scarcity of biomass resources for energy
 

purposes. On Java there are essentially no old forests of trees
 

remaining for fuelwood use, and the population must resort increas

ingly 	to that which grows annually, along with agricultural residue 

and house garden materials which are combustible. High value wood
 

products such as lumber are imported to Java.
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A major purpose then in assessing the potential for future use of
 

biomass as an energy source is to determine the feasibility of de

veloping a larger biomass base for Java and to prevent the defores

tation conditions of Java from occuring on the other islands. It
 

may 	also be possible to convert biomass on islands with surpluses
 

to higher forms of energy for shipment to Java and other areas of
 

biomass deficiencies.
 

5.1 	 Programs to Increase Biomass Production
 

There are several programs underway to increase biomass resources
 

on Java and other densely populated islands. These include dis

semination of seeds of fast growing trees, experimental plots of
 

fast growing trees, and research on soil characteristics relating
 

to increased biomass production. On the island of Java nearly every
 

square meter of land is utilized intensively for agricultural pur

poses, and therefore there isa competition between biomass for
 

energy vs. biomass for food. Fast growing trees would economically
 

produce more biomass on less land, and therefore have the potential
 

of meeting energy needs while allowing food crop production to con

tinue. There are also about 20 million ha of marginal land not well
 

suited to agriculture, where fast growing trees would provide the
 

potential of meeting much of the islands' firewood needs. For
 

example, it is envisioned that extensive fuelwood plantations on the
 

so-called wastelands of Java (4million hectares) could be developed
 

by the year 1990. Here iswhere the soil improving capacity of many
 

of the leguminous tree species would pay off handsomely. The yields
 

of these impoverished soils would be lower than average but would
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increase as time went by. At a yield of only 10 tonnes of biomass per
 

hectare per year the 4 million hectares would yield 40 million tonnes
 

annually more than the total present fuelwood consumption on Java. At
 

a conservative value of two BOE per tonne, assuming minimal transport
 

costs 	between the production and consumption sector, this biomass would
 

supply a significant portion of the fuelwood demand on Java by the
 

year 1990. If the remaining 16 million hectares of marginal land in
 

Indonesia were put into production of fuelwood by the year 2000, the
 

yield of the entire 20 million hectares at 10 tonnes per hectire could
 

be 200 million tonnes, which at two BOE per tonne would be equal in
 

energy to 400 million BOE.
 

Itmay also be possible to convert biomass on other islands with sur

pluses to higher forms of energy for transport to Java and other areas
 

of biomass deficiencies. As an example, a rule of thumb states that
 

firewood can be transported'economically only up to 80 kilometers while
 

charcoal can be transported up to as much as 600 kilometers. Here is
 

an opportunity to supply urban centers on Java or othir densely populated
 

islands with harvested biomass from large plantations. The biomass could
 

be converted to charcoal in small portable metal kilns, for which
 

economical processing techniques and technology exists. As transport
 

costs are reduced through improvements in shipment technology, it is
 

anticipated that such biomass supplies may become feasible within the
 

time frame considered here, to the year 2000.
 

5.2 	Direct Combustion
 

Direct combustion of biomass already provides the bulk of household
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energy needs in rural areas. On a limited scale, biomass isalso
 

being used to provide energy in certain industries. For example,
 

palm oil mills utilize a large portion of the waste (fiber and
 

fruit shell) to produce steam and electric power for in-plant use. 

Also, most of the existing plywood mills use their own wood waste 

to produce steam for drying the lumber and finished products. Almost 

all the small-scale brick and roof tile manufacturing operations use 

wood and other agricultural wastes to fire their kilns.
 

The opportunities for expanding the current use of biomass in the
 

industrial sector, particularly the forest products industries, and
 

the introduction of biomass as a fuel for electricity generation in
 

remote and isolated areas of Indonesia are promising. The forest
 

prcducts industry is rapidly growing and is expected to continue ex

panding throughout the next 20 years. Plywood and pulp and paper 

operations are expanding most rapidly. Almost all the existing saw 

mills and plywood mills use diesel generators for supply of plant
 

power requirements. This is particularly true of plants which are
 

located on the islands of Sumatra and Kalimantan. The wastes avail

able from the saw and plywood mills can be used to generate the energy
 

requirements of these mills.
 

3
 
mill processes approximately 50,000 m
For example, an averagt size saw 


of logs per year. About 30 to 40 percent of this quantity is generally
 

considered to be waste material. The average power requirement of such
 

mill is 500 kW; the waste material, burned inwood-fired boilers,
a 


could produce energy in excess of the mill needs. Inthe plywood
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mills, wood-fired cogeneration (simultaneous production of electricity
 

and steam) would be an ideal application of emerging biomass energy
 

technology. Assuming an aggressive effort to promote the use of such
 

technologies, it is anticipated that the forest products industry
 

could become energy self-sufficient within the time frame of the next
 

10 to 15 years.
 

As shown in Section 2.3, the forest area in production consists of
 

40 million ha. The normal practice of forest harvesting to provide
 

logs, lumber, plywood, and other forest products results in approximately
 

50 percent of the tree and root system to be used as product material
 

and the remainder is left in the forest as waste. In processing of
 

logs to produce lumber and plywood another 35 percent iswaste material,
 

and therefore the energy potential from the production forest area is
 

about 67 percent of forest biomass being grown for harvesting.
 

Since Ellis (1978) reports forest biomass production of up to 18.4
 

oven dry tonnes per ha per year, using a figure of 10 tonnes per year
 

conservative estimate of forest growth through normal photosynthetic
isa 


activity. Therefore, if40 million ha of production forest were to
 

produce 10 tonnes per ha, the forest production would be 400 million
 

tonnes per year, 67 percent of which would be waste which could be
 

converted to energy. This would, at a conversion factor of two BOE
 

per tonne, amount to 540 million BOE per year.
 

Electricity generation by small wood-fired electric power plants
 

should be considered for the islands of Sumatra, Kalimantan and other
 

These islands not only have the resource, but
forest-rich islands. 
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also provide ideal sites for demonstrating the technical and economic
 

However,
feasibility of small scale (0.5-10 MW) wood-fired power plants. 


as the island of Java is scheduled to have a large coal-fired central
 

electric power plant generating station by 1983, itwill be almost
 

impossible for any wood-based electric plant to be cost competitive
 

on this island inthe time frame considered here.
 

At the present time, about half of the electricity generation on 

the islands of Sumatra, Kalimantan, and Sulawesi isdone by the PLN 

(state-owned utility). PLN currently has about 584 MW of oil-fired 

installed capacity on these three islands, with the majority of the 

plants diesel engine/generators with an output capacity of about 

1 M4 or less. Since most of the forest resources are present on 

these islands and the islands serve as preferred regions for trans

location of some of Java's large population, the use of wood and 

forest products residues for local electrical consumption appears to
 

be a viable option. These plants would operate with capacities from 

500kW to 10 MW generating capacity, depending on location and size 

of the local market. Successful implementation of these plants would 

be dependent upon cooperation between PLN, the Department of Forestry 

and the forest products industry, and would parallel the growth of 

transmigration populations in those regions.
 

For household energy use, technological advances inthe fields of
 

stove design will
silviculture, charcoal production and charcoal 


a
make increased use of natural growth of biomass and charcoal 


technically and economically feasible method to meet energy needs
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of the householder in the next 10-15 years as other options and al

ternatives are investigated on Java and the other densely populated
 

islands. Curiously enough, however, rather than concentrate on
 

programs of reforestation with fast growing trees and more efficient
 

charcoal production and usage, emphasis has been placed on increased
 

kerosene usage, now becoming a burden to the government, as discussed
 

earlier. Within the next decade, it isabsolutely essential that the
 

decline in household energy use supplied by biomass be reversed, and
 

a strong government effort must be undertaken to promote the use of
 

fast-growing trees, charcoal use and efficient stove design.
 

5.3 	Gasification
 

Gasification is the thermal decomposition of solid carbonaceous fuels
 

(i.e., coal, wood, agricultural waste) in the presence of limited
 

(less than stiochiometric amount) supply of air to produce low-BTU
 

combust'ble gases. Since air-blown biomass gasification technology
 

for producing low-calorific value gas is commercially available in
 

the near term, this technology should find ready application in
 

different Indonesian energy-consuming sectors. The low-BTU value
 

gas produceid from air-blown gasifiers can be used to operate internal
 

combustion engines, or fire boilers, drying kilns, etc.
 

In the forest products industry, the large amounts of wood waste,
 

estimated above to amount to as much as 270 million tonnes per year,
 

can be converted to supply in-plant energy needs of these mills,
 

using atmOsDheric pressure air-blown gasifiers. Gasification recovers
 

between 45-90 percent of the energy value of the feedstock material, de

pending upon the biomass resource, thusyielding between 240 and 490 million
 

BOE.
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The suitability of this technology as a preferred alternative to 

direct combustion of the wood waste in the forest products industry, 

however, largely depends on the relative economics, ease of operation
 

and compatibility with the existing energy supply system. Ifa new
 

mill is being constructed, a direct combustion system would probably
 

have an economic advantage over gasification systems. However, in the
 

case of existing mills, the gasification option offers better flexibility
 

and compatibility with the existing energy generation system of the mill. 

For example, the gasification system provides the opportunity of retro

fitting existing diesel generators, either mobile or stationary. In 

such a manner, both mill energy and mobile field equipment energy usage 

can be supplied by biomass. The simple design, quick start-up and 

minimum operation and maintenance of small gasification systems would 

enable rapid and complete conversion of existing facilities and opera

tions to blomass energy, and enable future plants to utilize biomass
 

as well.
 

The gasification option could also be considered for retrofitting exist

ing small (less than 10 MW) PLN oil-fired electricity-generating plants
 

inSumatra and Kalimantan. Again, the relative economics of direct com

bustion vs. gasification systems tends to suggest that existing facilities
 

could best be retrofitted with gasification systems, while new facilities
 

could best be served by direct combustion technology. Such a scenario
 

implies conversion of existing facilities and development of new
 

generating plants on the outer islands to use the available biomass
 

resource such that most present and future energy demands in these
 

sectors are met with biomass through the next 20 years.
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Gasification technology is also suitable for supplying energy for dif

ferent agriculture and/or related operations. For example, agricultural
 

waste (crop residues) can be used to produce a low calorific value
 

gas which, in turn, could power a retrofitted diesel generator to drive
 

either an irrigation pump or rice mill. In Indonesia, rice husks and
 

rice straw are the most commonly available agricultural residue. The
 

higher ash content (silica) of the husks creates some operational dif

ficulties for gas generators, but these modifications can be overcome
 

by design modifications. Assuming a strong government effort to pro

mote the use of such technology then, it is anticipated that gasification
 

systems for the agricultural sector could play a significant role in
 

meeting the energy needs for irrigation or food processing during the
 

next 20 years, provided that alternative uses of the feedstock are not
 

a problem. Other barriers to the use of such technology in the agri

cultural sector are discussed in Section 6.0.
 

In the long term, advanced gasification technologies (eg., high pres

sure gasification, fluid-bed gasification, oxygen-blown gasification
 

and catalytic gasification) may play an important role insupplying
 

different chemicals and fuels from biomass. For example, methanol
 

is one of the chemical fuels which could be produced via this biomass
 

gasification (oxygen-blown) and subsequent catalytic synthesis route.
 

Since methanol is one of the liquid fuels which isbeing given high
 

priority as a substitute fuel in the transportation sector, such
 

technologies should become viable options for increased biomass energy
 

usage, although the potential for widespread use in Indonesia is
 

most likely limited to beyond the next decade.
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5.4 	Eyrolysis
 

Pyrolysis is the thermal decomposition of solid carbonaceous fuels in
 

the absence of air, which produces combustible gases, oils (tars), and
 

solid char residue. Since pyrolysis of biomass results in a number of
 

products, local markets must be assured for not only one but three
 

separate products if the technology is to be economically feasible. The
 

oils produced in pyrolysis are the most easily shipped, and their pro

duction amounts to approximately 0.5-1.0 BOE per tonne of biomass pyrolyzed.
 

It has been found that pyrolysis of rice husks gives powdered char,
 

which contains more than 40 percent ash (silica). Also, the product
 

gases, except for direct burning, cannot be directly (without exten

sive cleaning) used in internal combustion engines. Inthis sense,
 

pyrolysis does not convert biomass directly to usable energy products,
 

but it produces three different products that can be further processed
 

or refined for intended application. As a result, a small-scale
 

(1tonne/day) pyrolysis plant may not be able to process and market
 

the energy products (particularly oil and char) effectively. Moreover,
 

since the quantity and the quality of different pyrolysis products
 

are extremely dependent upon the operating conditions, a close control
 

of these operating conditions is essential for obtaining a proper
 

yield of consistent quality energy products.
 

Because of this inherent requirement of a pyrolysis process, itwould
 

be very difficult to obtain a consistent quality energy product from
 

a simple inexpensive small pyrolysis unit. Ifall the required controls
 

The 	term pyrolysis refers to low-temperature pyrolysis process
 

-34



are used to improve the performance of a small pyrolysis plant, it
 

would no longer be an inexpensive system. Therefore, it seems that
 

the ability of the pyrolysis process to extract a range of more valuable
 

hydrocarbons from biomass may only be exploited at a large-scale (at
 

least 100 tonnes/day of bone dry biomass) operation. Small-scale
 

biomass conversion systems should be primarily restricted to combustion
 

and air-blown gasification technologies.
 

A review of the biomass resource availability in Indonesia would
 

indicate that only wood and wood residue could sustain the operation
 

of large-scale pyrolysis plants. Once again, because of the wood fuel
 

transportation cost limitations, these plants would have to be located
 

near the wood resources; this would require the plants to be located
 

on the islands of Sumatra and/or Kalimantan. The economic feasibility
 

of large wood-based pyrolysis plants would very much depend on the
 

and char. Based on the results of studies
marketability of pyrolytic oil 


it could be safely assumed that the pyrolytic
conducted in the U.S.A., 


oil, after necessary equipment modifications, could be used in industrial
 

On the basis of 270 million
residual fuel oil-fired installations. 


tonnes of wood waste estimated previously, the potential of pyrolytic
 

oils would be between 135-270 million BOE per year.
 

The product char could be used for household (particularly rural)
 

energy needs. Another emerging application for the product char is
 

its use in existing residual oil-fired industrial and utility boilers
 

as a char/oil mixture. The feasibility of this application, however,
 

depends on the successful adoption of coal/oil mixture combustion
 

technology fnr the char/oil mixture combustion. It should be recognized
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that char, depending on its volatile content, has different combustion
 

properties than most of the coals.
 

As such, it appears that the technical potential for pyrolysis in
 

the 	years 1990 and 2000 would be limited to the islands of Sumatra,
 

Kalimantan or other forested islands where a combination of local
 

markets for each by-product and ready availability of woody biomass
 

could support development of the technology. Inone scenario, both
 

the 	pyrolytic oil and char would be used to fire local industrial
 

oil-fired generating plants and supply household cooking fuel, while
 

the product gas could be used to supply the pyrolysis unit with heat
 

and 	 in-plant power to run the equipment. Under such a scenario, 

it is anticipated tP-t large-scale pyrolysis units would become cost
 

competitive with alternative fuels only after large local markets
 

could be developed and process refinemens completed, which most
 

likely limits its potential use to the long-term when the local popu

lation and industrial base expands. Even then, the total of all by

product streams would probably not be sufficient to meet all the
 

energy needs of the local markets, and additional measures would
 

be necessary to meet demand.
 

5.5 	Alcohol Fermentation
 

The technology of alcohol fermentation is well known throughout the
 

world, although recent process and design alterations have resulted
 

in several refinements in the technology. Fermentation technology
 

has been given high priority for development within the country,
 

and already the technology is being adapted by the government to the
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peculiarities of Indonesia. As such, it is anticipated that within
 

the next 20 years, if the government's plans and programs are fruitful,
 

some 20 million kiloliters or over 50 percent of the transportation
 

sector's energy demand will be met by production of power alcohol
 

from sugar and starch crops such as molasses, cassava, sweet potatoes,
 

Sago palm, etc.
 

Not mentioned in government plans but potentially as valuable to pro

ductive capacity as sugar or starch crops, cellulosic biomass (agi "Cl

tural residues such as corn stover, bagasse, and other cellulosic
 

materials such as wood, municipal solid wastes, etc.) may prove to be
 

a preferred feedstock inthe event that the food vs. fuel question
 

cannot be resolved. This is especially important in that many of the
 

alcohol production facilities will likely be located in remote regions
 

to stimulate relocation of large numbers of the population to these
 

unsettled regions. Should production of-sugar or starch crops inthese
 

areas not reach expected production levels, abundant lignocellulosic
 

and cellulosic biomass could become the preferred feedstock, although
 

additional refinements in processing technology would be required.
 

Such technology is currently in the process of refinement in the U.S.A.
 

and other developed countries and thus would likely not be available
 

for use in Indonesia for the next several years unless a concentrated
 

effort were begun soon.
 

At present, government projects designed to stimulate development
 

of alcohol fermentation technology should ultimately lead to widespread
 

use of power alcohol as a direct substitute for gasoline or diesel 

in the transportation sector. However, widespread use will probably
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not occur until subsidies on gasoline and diesel are removed, or
 

direct subsidies are given to use of power alcohol since the present
 

price of power alcohol isabout twice that of gasoline. Despite such
 

government intervention into the price structure of liquid fuels
 

used by the transportation sector, it is likely that by 1990 production
 

of power alcohol will be able to supplant a significant portion of the
 

gasoline and diesel fuel demand, and by the year 2000, as stated above,
 

supply more than 50 percent of that sector's energy demand.
 

5.6 Methane Fermentation
 

The production of fuel gas (biogas) from digestion of organic wastes
 

to methane and carbon dioxide iswidely practiced throughout the world,
 

and has been utilized to some extent in Indonesia as well. However,
 

due to several technical, economic and social barriers to use of the
 

technology (see discussion in6.6), it is anticipated that methane fer

mentation will play only a very limited role in supplying energy to
 

Major feedstocks
the industrial/commercial and residential sectors. 


for methane fermentation now and into the future are rather limited
 

to animal excreta and water hyacinth for householder or villager use,
 

and other similar feedstocks for commercial/industrial use. The avail

ability, quantity and quality of these feedstocks are not expected to
 

change drastically in the foreseeable future, resulting in only
 

limited production by 1990 and 2000. Economically, the value of
 

the gas produced could very well be cost competitive to projected
 

on the world market at that time, although it is likely
costs of oil 


that widespread and dispersed utilization of the technology would
 

be hampered by the inability of the individual or collective users
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to pay the capital cost of such facilities and maintain units in
 

proper fashion.
 

5.7 	Summary of Potential for Future Use
 

As seen in Section 2.3, there are approximately 122.2 million ha of
 

forest lands in Indonesia. At a photosynthetic growth rate of 10
 

tonnes annually per ha, 1220 million tonnes of biomass are estimated
 

to be produced per year, which is equivalent to at least 2440 million
 

BOE per year. This is equivalent to about four times the present oil
 

production of Indonesia, but of course much of this biomass is in
 

protected and conservation forests or otherwise unavailable in densely
 

populated areas where it isneeded.
 

InSection 5.1 it is seen that on Java alone the four million ha of
 

so-called wasteland could produce 40 million tonnes of biomass by the
 

year 1990, equivalent to at least 80 million BOE, and if the remaining
 

16 million ha of wasteland in Indonesia could be forested by the year
 

2000, the fuelwood production from forests could be 20 million hectares
 

at 10 tonnes per hectare, or 200 million tonnes, equivalent to at least
 

400 	million BOE. Much of this energy could be used directly without
 

conversion to charcoal, but even if charcoal were to be developed and
 

used extensively on Java, the loss incharcoal conversion of 50 percent
 

would still result in200million BOE for household use on Java. Agri

cultural residues on Java will not increase significantly, since the
 

agricultural productivity is presently at nearly its maximum level,
 

and therefore the potential from agricultural wastes would be another
 

8 million tonnes (Section 2.2), or, at a rate of two BOE per tonne,
 

approximately 16 million BOE.
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InSection 5.2 it isseen that forestry in production primarily outside
 

Java produces waste products which have a value of at lease 540 million
 

BOE,
 

Itcan be concluded that biomass production for energy use has tremendous
 

The total amount availpotential both on Java and on the outer islands. 


able from both forests and farms is considerably more than four times
 

the equivalent amount of oil presently being pumped, and the only barriers
 

to use of this vast renewab.le resource are those of conversion to products
 

which are more easily transported as solid fuels or more easily used in
 

existing equipment inthe form of liquid and gaseous fuels.
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6.0 	BARRIERS TO USE
 

Planning of programs to increase the use of biomass materials for
 

energy must take into account those barriers which are associated
 

with accelerated development of these forms of renewable energy.
 

Included in this section are some of the more significant barriers
 

to increased biomass production and conversion to energy sources.
 

6.1 	 Increased Biomass Production
 

There are three major barriers to increased biomass production.
 

These are availability of land, potential for nutrient depletion,
 

and the unknown effects of introducing new tree species which are
 

more suitable for fuelwood into the agricultural sector. With
 

respect to the availability of land, there is intensive utilization
 

of nearly every square meter of productive land for rice and other
 

food crops on Java and in other densely populated areas. There
 

thus could become significant competition between food crops and
 

energy biomass "crops" if there were few sources of energy other
 

than biomass. There are areas of Java and outside Java which are
 

not suitable for intensive food production, however, and these could
 

produce greater amounts of biomass if managed carefully and planted
 

with 	fast growing trees.
 

The use of greater amounts of biomass for energy purposes without
 

returning the residues to the soil could result eventually ina
 

decrease in soil fertility. The high fertility and productivity
 

of Indonesian soil has been recognized throughout the world, and
 

it is important to maintain this fertility and even enhance it
 

-
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in order to assure a productive and prospe ous agricultural society
 

in'the future. Depletion of soil fertility would not be a significant
 

barrier if the biomass residue were returned to the soil or if fer

tilizing nutrients were added to compensate for those used in biomass
 

production.
 

A fjnal important consideration isthe unknown effects of introducing
 

fast growing trees into the phttern of agricultural practices. For
 

example, foliage or canopy of many of the present trees grown in
 

"house garders" and as hedgerows is not dense, and sufficient sun

light filters through to allow the production of food crops such as
 

taro under the trees. It is not known what the effects will be when
 

food crops are grown under Calliandra, Leucaena and other such fast
 

growing trees. If the trees were to cause sufficient shade so as to
 

reduce food crop production, the beneficial effects of increased
 

energy supply could be offset by their effects on food production.
 

6.2 	 Direct Combustion
 

The major barrier to direct combustion of biomass materials for
 

energy sources is transportation costs, since as unprocessed materials
 

they are bulky and are not a concentrated energy form in terms of
 

It has been stated
calorific values per unit weight or volume. 


qenerally by energy specialists interviewed that 75 to 150 km is
 

the maximum distance that fuelwood can be transported economically
 

in Indonesia. Another barrier which is largely overcome with the
 

ingenuity of householders and research at government centers is
 

stove design. Poorly designed stoces provide only about 10%
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transfer of heat energy, while some designs developed by inventors
 

in Indonesia used with specific biomass materials have achieved as
 

high 	as 20 to 35% efficiency of heat transfer.
 

Inthe case of dendrothermal projects inwhich large acreages of
 

fast growing trees would be harvested and burned directly to provide
 

electricity, the major barriers would be the amount of land required
 

and the capital costs of facilities for storage, processing, and
 

electricity generation.
 

6.3 	Charcoal Production
 

One of the barriers to developing a charcoal energy system isthat
 

of social acceptance. There are two components to this barrier. The
 

poorer people who have always burned wood and biomass materials di

rectly may not wan, to switch to charcoal because it is a different
 

material with different characteristics. For example, ittakes longer
 

to get a fire started when using charcoal. On the other hand,
 

people with higher income levels who now use kerosene may feel that
 

it isa step backward in their pattern of living to switch to charcoal,
 

since charcoal is not such a clean fuel as kerosene.
 

Another barrier to charcoal production is lack of a marketing and
 

distribution system, since charcoal is used to such a small degree
 

presently. Additionally, the technology of charcoal production
 

throughout the ccuntry would have to be improved, using modern
 

methods presently developed in other countries. Technology from
 

Japan 	is apparently being introduced on Sumatera presently, and
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there is discussion of charcoal production by Japan from mangrove
 

trees.
 

If larger charcoal plants are to be considered, the availability
 

of biomass feedstock would require that they be built on Kalimantan
 

or another island outside Java. Transportation costs to Java and
 

other areas of high population densities would then be significant
 

barriers. Closely related to transportation is the need for
 

packaging and storage facilities. In the high humidity of tropical
 

climates, these could be barriers in the sense that charcoal tends
 

to absorb moisture, and packaging and shipping must be carried out
 

so as to minimize the amount of moisture pick-up.
 

6.4 	 Gasification
 

primary
Gasification isrelatively high technology processing, and a 


barrier to commercialization of the process is lack of technology de

development, not only in Indonesia but throughout the world. That
 

isnot to say that the technology isnot available, but rather that
 

it is not yet simple and easy to use. Very little new technological
 

development has occured since more than 30 years ago, when gasifica

tion was nearly terminated because of the availability of inexpensive
 

gas and oil. Inrecent years, however, more simple designs of systems
 

have begun to be developed.
 

Another barrier to gasification isthe high capital cost and maintenance
 

Also, for existing equipment now operated
requirements of gasifiers. 


by diesel or gasoline power, there is the need for retrofitting of
 

the engines for conversion to gas.
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For operation of gasifiers to be as trouble free as possible, a
 

low moisture content of less than 30% is desirable. Therefore,
 

drying of the biomass material could become a barrier to its use.
 

6.5 Pyrolysis
 

In Indonesia research and development work on low temperature
 

pyrolysis has focused'primarily on developing small one tonne per
 

day rice husk pyrolysis systems for local rice mills. The initial
 

data obtained has resulted in process modifications, and development
 

has been carried nearly to the point of commercialization for rice 

mills on Java. 

One of the barriers to pyrolysis commercialization is that three 

products are produced, and therefore markets must be found for each. 

It has been found that pyrolytic oil is not a suitable substitute 

for kerosene, and therefore other uses for this product must be 

developed. Also the charcoal produced by pyrolysis in some cases 

is not of high quality. For example, the ash content of charcoal
 

from rice hulls is nearly 45%, and therefore the charcoal briquettes
 

do not burn as well as charcoal with a lower ash content. In some
 

respects a high ash content may not be totally undesirable, however,
 

since there is a market for the ash as scouring powder and other
 

such uses.
 

As in the case of barriers to charcoal use mentioned in Section
 

6.3, there is again the need for social acceptability of the charcoal,
 

along with its marketing and distribution, as well as the problem
 

of moisture absorption. These can be handled if a charcoal energy
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system becomes developed, but if charcoal energy in general is not
 

accepted by the public, then the specific problems of marketing
 

the charcoal produced from pyrolysis could be more severe.
 

The 	capital cost and maintenance of pyrolysis plants are other major
 

factors which are barriers to commercialization. As long as diesel
 

and 	gasoline are low in cost, high technology processes such as gasi

fication and pyrolysis will not be readily commercialized. If the
 

subsidies on these fuels were removed and additional further price
 

noticeable shift
increases were to occur, however, there would be a 


to these technologies.
 

6.6 	 Ethanol
 

Ethanol production for use as a fuel and for export is being seriously
 

considered for certain areas of Indonesia which have low population
 

density and where there isneed to provide additional jobs and income.
 

Ethanol facilities are thus targeted initially for transmigration
 

There are certain harriers to extensive alcohol production
areas. 


which 	are briefly summarized below.
 

Alcohol production is,like gasification and pyrolysis, another high
 

technology processing system. The technological development has
 

been carried out primarily in Europe and the U.S.A., and application
 

on a large scale will require modifications in accordance with the
 

conditions of Indonesia. For example, typical yeast strains used
 

throughout the world cannot tolerate temperatures much above 320C,
 

while the climate plus heat of reaction for fermentation in Indonesia
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results in a fermentation temperature of more than 350 . The same
 

temperature characteristics are important in design modifications to
 

distillation apparatus and heat exchangers so as to obtain the greatest
 

efficiencies possible.
 

Another barrier to ethanol production on a large scale is the capital
 

cost of processing plants and the economics of competing with subsi

dized fossil fuels in sale of the alcohol as a fuel. Maintenance and
 

storage problems using this high technology must also be dealt with.
 

Disposal of fermentation residue, whether to livestock as feed or to land 

as fertilizer, must also be taken irto account in alcohol fermentation.
 

Additionally, the problem of water pollution from ethanol plants must
 

be addressed.
 

6.6 	 Methane Fermentation
 

As discussed earlier, methane production from organic wastes and resi

dues is perceived to have somewhat limited potential as a major energy
 

source in Indonesia, primarily because of several technical, economic
 

and social barriers. First, technical constraints are evident in that
 

animal manure type feedstocks are often dispersed in the fields where
 

the animals graze, and are not readily available near homes where
 

biogas plants would be located. This is different from China, where
 

biogas plants provide significant energy to millions of homes because
 

several pigs and other animals are always present in the yards adjacent
 

to these homes. Biogas plants in Indonesia therefore are iimited
 

primarily to cattle farms, chicken farms, and ponds containing water
 

hyacinths. Each such facility could produce usef,l biogas, but the
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total number of families served could be counted inthe thousands,
 

as compared to the tens of millions of families inthe country.
 

The conditions required for biogas use are a barrier to large
 

scale implementation, in that methane, unlike propane and butane,
 

liquid for ease of transport.
cannot be economically compressed to a 


It therefore is almost always piped from the fermenter to its place
 

of use, and is generally not readily adapted to mobile equipment
 

such as tractors and automobiles. Although compressed biogas and
 

large gas bags have been used under wartime conditions for mobile
 

equipment powered by biogas in the past, liquid fuels such as ethanol
 

or methanol are generally considered to be much more suitable.
 

Social acceptance of biogas plants could be a barrier to widespread
 

use, since in many cases the feedstock isanimal and human waste in
 

countries like China, and biogas thereby produced is considered by
 

some to be unsuitable for use in the home as a cooking fuel. Ad

ditionally, in areas where animal dung has traditionally been dried
 

and burned as fuel, the introduction of biogas plants would have to
 

be accompanied by considerable social readjustment.
 

Other barriers to use of methane fermentation are capital costs,
 

These are similar in
maintenance and disposal of spent residues. 


nature to ethanol plants, except that biogas facilities are somewhat
 

more simple to construct and operate.
 

Since biogas is highly flammable and can cause explosions, the matter
 

of safety is a potential barrier to its use. This can be overcome
 

readily by proper education and fermenter design.
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7.0 	 CURRENT POLICIES AND PROJECTS
 

As stated in the Introduction, Rapelita III, the third five-year
 

plan (1980-1984) emphasizes several major points relating to energy.
 

One is to enhance conservation of kerosene and other oil resources
 

by substituting other energy sources, and another is intensified
 

research, development, and implementation of programs to use re

newable energy sources such as biomass. The Government of Indonesia
 

(GOI) is therefore implementing 	projects which assess the biomass
 

energy demands more fully, produce greater quantities of biomass,
 

and convert the biomass more efficiently to energy use.
 

A number of studies are currently being undertaken on consumption
 

patterns of fuelwood and other biomass energy sources. These
 

studies will provide information about the amount of cooking fuel
 

needed in the country now and in the future.
 

Much basic silvicultural and yield information on fuelwood species
 

is needed. A few rather fragmented studies on fast-growing species
 

are underway, but much more coordinated work will be necessary in
 

order to begin to answer questions of what species to grow, where,
 

and what production will ensue.
 

As stated in Section 1, the GOI is subsidizing the cost of kerosene
 

as a substitute cooking fuel in order to provide assistance to
 

people with low income Is"'s who must resort to kerosene in place
 

e is therefore increasing by approximately
of firewood. Kerosene ..


10% per year, and since 1969 the increase in kerosene use has been
 

so great that substantial amounts must now be imported to meet the
 

demand. 	 - 0
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On a limited scale, biomass is currently being used to provide energy
 

in certain industries. For example, the palm oil mills utilize a
 

large portion of the waste (fiber and fruit shell) to produce steam
 

and electric power for the in-plant use. Also, most of the existing
 

plywood mills use their own wood waste to produce steam for drying
 

the lumber and finished products. Almost all the small-scale brick
 

and roof tile manufacturing operations use wood and other agricultural
 

wastes to fire their kilns.
 

At the present time, an Imbert gas generator and retrofitted diesel
 

engine (25 kW output) is operating at the solar village inPicon.
 

This gasifier diesel generator set is currently being used to pump
 

irrigation water. A small bench-scale (about 3 kg/hr) gasifier is
 

presently being tested for different biomass feedstock at ITB in
 

Bandung. At the BPP Teknologi, plans are currently underway to
 

construct a small charcoal gasifier to produce DC electricity. The
 

capacity of this gasifier-engine generator will be about 5 kW.
 

Also, a technical and economic feasibility study is being conducted
 

to assess the potential of biomass-based methanol production tech

nology in Indonesia.
 

Research and development work on low temperature pyrolysis has pri

marily focused on developing small (1tonne/day) rice husk pyrolysis
 

systems for the local rice mills. Two one-tonne-per-day pyrolysis
 

systems have been installed near Bandung; one of these units is
 

installed at an existing rice mill. The main purpose of this
 

ongoing research and development activity is to test the operation
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of a small rice husk pyrolysis unit and find appropriate utilization
 

for the pyrolysis products. The initial data obtained from the opera

tion of the pyrolysis unit have resulted in several process modifica

tions. These modifications are expected to improve the system per

formance. So far, the oil yields have been lower than the original
 

expectations. Also, itwas found that the pyrolysis oil was not a
 

suitable substitute for domestic kerosene use.
 

An ambitious program is aimed at the ultimate development of new
 

alcohol production capacity of nearly 20,000,000 Kl/yr of power alcohol
 

by the year 2000. By contrast, current production of ethanol from
 

biomass in Indonesia totals only approximately 30,000 Kl/yr from 9
 

plants, the majority being exported for beverage purposes, while
 

production capacity inBrazil is expected to be only between 4-6 million
 

Kl/yr in 1985. Using the Brazil program as an example, it took
 

nearly 30 years to reach a production level of 1.5 million Kl/yr.
 

Considering land area and population of Brazil as compared with
 

Indonesia, an equivalent rate of development would indicate that
 

Indonesia would produce approximately 5 million Kl by 1990 and
 

10 million Kl by the year 2000. An effort considerably greater
 

than that of Brazil would therefore be necessary in order to produce
 

20 million Kl annually by the year 2000.
 

The new program, conceived to consist of as many as 4,000 5,000 Kl/yr
 

ethanol plants, isa key component inthe new transmigration program
 

developed by the government to redistribute the country's population
 

more evenly among the thousands of island land masses comprising
 

the nation. These 5,000 Kl/yr alcohol plants, using locally grown
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surplus agricultural crops such as sweet potatoes and cassava, and
 

Sago palm harvested from nearby tropical marsh forestlands, will
 

serve as the local fuel base for individual transmigration areas
 

(4,000 families) or for export purposes. Already, the first of these
 

plants is scheduled for construction in 1981 in a transmigration area
 

located in South Sumatra with technical assistance from West Germany.
 

Inthe vicinity of this plant feedstock consisting of sweet potatoes
 

will be grown by individual farmers on their individual 2 ha farms, 

with ha being allocated on each farm for production of the feed

stock. With proper crop management, it is anticipated by Indonesian
 

planners that the centralized ethanol plant will be able to continuously
 

process feedstock and produce power alcohol for distribution to dis

tant markets or use within the area, providing both employment and a
 

fuel base for continued expansion.
 

In addition to the above, a new program in alcohol research isbeing
 

funded by a grant in aid from Japan in the amount of $8 million.
 

The total alcohol program of B.P.P.T. for 1981/1982 isshown in 

Table 7-1.
 

The feasibility of a wide-scale implementation of anaerobic fermenta

tion technology as it relates to conditions in Indonesia is being
 

investigated. Research efforts are currently underway to assess
 

available biomass resources for use as feedstocks for anaerobic di

gestion units, particularly quantities and availability of water
 

hyacinth (eichornia crassipes). This macrophyte, growing innutrient

rich, warm, fresh water frequently obstructs drainage of farm lands,
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TABLE 7-1.
 

B.P.P.T. ALCOHOL PROGRAM IN INDONESIA 
(By B.P.P.T Teknology (Agency for Development and Application of Technology) 

Fiscal Year: 1981/1982
 

A. PRODUCTION SIDE 


1. Pilot plant (15000 liter/day) 

By November 1982 will pro-

duce alcohol 95%. 


- Design by B.P.P.T. 

- Build by Indonesian Firm 
(tender) 

- Site: Tuland Bawang 
(Transmigration Area in 

Lampung 

2. Agricultural Research 

Station for sweet potato 

(10 Ha) 

3. Total budget for A, B, and C, 

U.S. $3 million (1981/1982) 

4. Grant aid from Japan, U.S.$
 
8 million, Biomass Research
 
Center in Lampung. Consist
ing of:
 

a. 	Alcohol plant (15000 liter/ 
day) 

b. Research Center for:
 

- Agriculture 

- Saccharification fer
menation, distillation
 

- Other biomass feedstock
 

B. SOFT WARE 


National Alcohol Team 


(introduction of alcohol 


a. 	 Agriculture 
b. 	Technology and Pro-

duction 
c. Economic/Marketing 

d. Social Impacts
 

Members from: 7 Departments, 
and 7 University; approx.
 
50 people
 

C. DEMAND SIDE
 

1. Testing (June 1981)
 

a. Straight alcohol:
 
1 car, 1 genset 120 KW
 

5 cycles, 3 alcohol
 
equipment 

b. Gasohol (10/90 and 
20/80 with hydrated
alcohol) 50 cars 

c. 	 Methanol (two cars) 



encroaches upon aquaculture ponds and completely encloses fresh water
 

pools behind hydro-electric dam facilities. Estimates of water hyacinth
 

growth and extent in Indonesia dre incomplete, but preliminary estimates
 

indicate approximately 6 million hectares of fresh water surface area
 

in the country are covered by water hyacinth. Being rich in nutrients
 

such as nitrogen and phosphorus, and being approximately 90% water,
 

10% solids (of which 80% are volatile), the water hyacinth has been
 

reported to be a good substrate for anaerobic fermentation processes.
 

Other biomass materi-ls available for use as potential feedstocks for
 

production of biogas include, but ae not limited to, animal and
 

human wastes, and agricultural residues such as rice straw, bagasse,
 

peanut wastes, etc.
 

Within the framework of various technical and economic constraints,
 

investigations have been undertaken by various groups and institutions
 

within the country to evaluate the feasibility of using these residues
 

for production of biogas via methane fermentation. At the Bandung
 

Institute (ITB), several simple small-scale experimental
Technological 


digesters have been constructed and installed in th. field at Cicurug
 

and Lembang using animal wastes as the feedstocks. The Indonesian
 

Petroleum Institute (LEMIGAS) is sponsoring two methane fermentation
 

projects at Gajah Mada University, one a pilot scale fermentation
 

tank of the Chinese design located at the research farm of the De

partment of Animal Husbandry and the other a bench scale study of
 

LEMIGAS is also supporting anaerobic
digestion of animal wastes. 


fermentation research at Cepu.
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Other current anaerobic fermentation projects include the bag
 

anaerobic digesters installed at P3T inCiawi, operating in the
 

mesophilic mode utilizing animal wastes; the Chinese style fixed

dome digester constructed at the Solar Village of Picon; the pilot
 

scale digester developed by Biotrap near Bogor; and the water hyacinth
 

digester operated in the mesophilic mode at Cilangkap. Also planned
 

for construction and operation in the immediate future isa thermo

philic anaerobic digestion system to be installed at Serpong, utilizing
 

cattle dung as feedstock.
 

The nature and scope of these various on-going or completed projects
 

are wide-ranging, including evaluation of hoth small (family size)
 

and larger size (industrial/commercial scale) digestion units. Variables
 

evaluated include: use of different feedstocks such as water hyacinth
 

or animal wastes feedstocks; different design configurations (e.g.,
 

Chinese fixed-cover and Indian floating cover) and level of complexity;
 

various materials of construction such as steel, ferrocement, cement
 

and rubber-based products (e.g., butyl digestion bags at Ciawi), and
 

both mesophilic and thermophilic digester design.
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8.0 	RECOMMENDED STEPS IN DEVELOPMENT OF BIOMASS RESOURCES
 

The development of renewable energy sources is critical to supplying
 

the energy needs of Indonesia in the future. Biomass can and should
 

be a major component of this energy source, and with a well planned 

development program, it can continue to supply major amounts of energy 

without creating a drain on natural forest areas or adverse effects 

from 	overharvesting of firewood in rural areas.
 

Itis important initially for all Ministries of the Government and for
 

the people as a whole to continue receiving the most up-to-date figures
 

available on biomass productivity and consumption, so that they will
 

make increased efforts to produce more biomass for energy and improve
 

biomass conversion procedures. Itwill then be possible to concentrate
 

the energy component of biomass for economical shipment from rural to
 

urban areas. Facts such as those brought out by Arismunandar and
 

Kadir (1979 and 1980) should be used to provide increased incentive
 

to develop biomass programs. A summary of these facts shows that
 

consumption of firewood and agricultural waste has risen from 34.4
 

million tonnes in 1967 to 44.7 million tonnes in 1971, to 61.3
 

million tonnes in 1976. Java, being the most densely inhabited island
 

in )ndonesla, with more than 60% of total population, and less than
 

7% of total land area, consumed most of this firewood; 21.7 million
 

tonnes or 63.0% in 1967, 27.8 million tonnes or 62.1% in 1971, and
 

37.1 	million tonnes or 60.6% in 19;6.
 

Total 	energy consumption in Indonesia in those years mentioned,were
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19.8 million TCE (tonnes coal equivalent) in 1967, 26.0 million TCE
 

in 1971, and 41.4 million TCE in 1976, with oil providing 7.4 million
 

TCE in 	1967, or 37.3% of total, 9.6 million TCE in 1971, or 36.7%, 

and 18.4 million TCE in 1976, or 44.5% of total energy consumption.
 

Other forms of energy, like water power, coal, and natural gas con

tributed but a comparatively small amount. However, they are ex

pected to increase significantly inthe future, especially coal and
 

natural gas.
 

The programs recommended below to increase the production and use of
 

biomass should result in at least a partial substitution of this form
 

of energy for the kerosene presently used for cooking purposes. The
 

recommended steps, in order of highest priority in the opinion of
 

the writer, are enumerated below.
 

8.1 Fast Growing Trees
 

8.1.1 	 General
 

A major way of overcoming the fuelwood dilemma is to ac

celerate the development of fast growing trees throughout
 

Indonesia and especially inJava and the NTT area. There
 

isnow a program to distribute seeds for fast growing
 

trees, and it should be supported and accelerated. It
 

should 	not be restrained while waiting for research re

sults, but should go forward with increased distribution
 

of seeds and seedlings representing two or three of the
 

most promising types of fast growing trees which have
 

been developed in other tropical countries.
 

At the 	same time, the present program of research and
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development of fast growing trees which are suited es

pecially for the climate and conditions in Indonesia
 

should be encouraged and accelerated.
 

Some field trials of Leucaena leucacephala have recently
 

been started. One small plantation near the school of
 

forestry in Yogyakarta showed excellent growth under very 

favorable circumstances. Other plantations on critically 

eroded soil did not grow nearly as well. This is to be 

expected but should not cause disappointment. Eroded
 

soils are relatively poor now but with nitrogen fixing
 

legumes should improve with time, resulting in increased
 

,
growt, Meanwhile, the soils are covered with useful
 

vegetation, lessening erosion and producing fodder and
 

firewood in modest quantities. Itshould be pointed out
 

that on Java the 4 million hectares of critically eroded
 

soils and 20 million of class four lands not suitable for 

agricultural production iswhere opportunity lies for
 

planting fuelwood trees even if their growth will be
 

less than excellent.
 

8.1.2 Specific Recommendations
 

8.1.2.1 Species Recommended for Evaluation. In relation
 

to a progran of research and development of suitable fast
 

growing trees, the following species are recommended for
 

evaluation:
 

Acacia auriculiformis
 

Acacia mangium
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Calliandra confusa (callothyrsus)
 

Casuarina equlsitifolia
 

Gliricidia maculata
 

Leucanea leucocephala
 

Sesbania grandiflora
 

8.1.2.2 Hedge Row System. Parallel to a program of field
 

plot trials (as outlined in8.1.1 above) there should be a
 

series of tests designed to obtain comparative growth and
 

yield information of species planted in single rows. This
 

type of information should then be expanded into a systematic
 

village program to encourage each small farm or "house
 

garden" owner to plant trees along the edge of his fields
 

or small gardens to become self sufficient in his own fuel
 

needs.
 

8.1.2.3 Small Energy Farms. A program which should be con

sidered for the islands of Java and the NTT area is establish

ing two small energy farms at the village level. According
 

to one estimate, a small village with 2000 to 3000 inhabi

tants would need an energy forest of about 125 ha if planted
 

with fast growing trees such as Calliandra. They would be
 

able to produce firewood within four or five years (Kadir, 1979).
 

If small forests were managed at the viulage level, they
 

would not only provide energy, but would also constitute
 

some protection of the soil from erosion caused by years
 

of deforestation. The average rural household, traditionally
 

accustomed to using firewood for cooking, would have no
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problems of adaptation to small energy farms, and in this
 

way the use of kerosene for household needs would also be 

minimized. 

The chief advantage of small energy farms is that fuelwood 

transportation costs would be minimal. Unfortunately, the
 

long waiting time of four to five years necessary to har

vest the first crop would require a substantial investment
 

by the owner. The government could possibly assist with
 

low interest loans, however, as an alternative to the sub

stantial funds now being committed to kerosene subsidy.
 

The Terms of Reference for a proposed Integrated Wood
 

Energy 	Village are shown inAppendix C.
 

8.2 Charcoal Production
 

8.2.1 	 General
 

Standard practice which has been used for generations on a
 

worldwide basis for concentrating the energy values infuelwood
 

and agricultural wastes so that they can be transported and used
 

economicall in populated areas is their conversion to charcoal.
 

Itis a curious fact that charcoal is used only very slightly
 

in Indonesia for cooking purposes, and its use is not increasing
 

in spite of the need to transport firewood for longer and longer
 

distances. Rather than concentrate on charcodl, the dependence
 

has been placed on increased kerosene usage, which is now be

coming a burden to the government, and could become a nearly
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intolerable burden to both the government and the low income
 

population if allowed to accelerate into the future.
 

8.2.2 Specific Recommendations
 

8.2.2.1 Accelerated Development of Charcoal Production. Ac

celerated development of charcoal production techniques should
 

be undertaken. The old method of producing charcoal in a pit,
 

with the biomass covered with soil to limit oxygen supply in
 

the process has been replaced inother countries by modern metal
 

charcoal plants (retorts), which can be stationary or trans

portable. These can be manufactured in Indonesia and used ef

ficiently for both firewood and agricultural wastes. 

Development of standard designs for specific feedstocks should
 

be carried out, and demonstration plants using firewood should 

be built in West Java, Central Java, and East Java.
 

8.2.2.2 Charcoal Marketing and Distribution System. In nearly 

all of the larger cities of Java now there is a very loose 

system of charcoal distribution and marketing. The charcoal 

is primarily used for ironing and specialty food vendors 

(satay). There is virtually no distribution system for supply 

to smaller villages and there are very few large processing 

centers. Ifa charcoal energy economy isto be developed, it 

should first be aimed at the rural villages in central Java 

and Madura where firewood usage is already denuding the land

scape and then be directed to the larger urban areas for re

placing kerosene. Such a program will require a rather concen

trated and sustained effort by the government to reorganize 
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and improve the packaging, transportation and marketing system.
 

For this report, it will suffice to focus attention on this
 

problem which must be undertaken. Specific procedures for im

plementation are obviously of sufficient magnitude to require
 

a detailed study and report in itself.
 

8.2.2.3 Cooking Appliance Improvement. Stoves for direct com

bustion of charcoal commonly operate at 10 to 20% efficiency, 

but some designs are stated to have as high as 35% efficiency
 

of heating energy. Development of more efficient stoves is
 

well underway and should be accelerated, with standard designs
 

developed for each particular biomass feedstock.
 

8.3 Utilization of Agricultural Wastes and Plantation Wastes
 

8.3.1 General 

The development of a charcoal energy system referred to in
 

8.2 above will aid substantially in making more use of agri

at procultural wastes which are now burned in the fields or 

cessing plants. The production of charcoal from wastes at 

estates should be especially fruitful in making this energy 

form available to village and urban dwellers. For example, 

a great deal of fuelwood is available from rubber estates, 

since rubber trees must be replanted approximately every 25 

years, and the old trees make excellent fuel.
 

8.3.2 Specific Recommendations
 

8.3.2.1 Establishment of "Charcoal Centers". If residue of
 

plantations and estates is to be utilized effectively and a
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program of village utilization is established for charcoal,
 

then an excellent opportunity exists for establishment of
 

charcoal production centers adjacent to or as a part of a
 

typical plantation operation. There are two clearly viable
 

approaches to the establishment of such centers. The first
 

approach and perhaps the most simple to implement is to pat

tern such a center after the thousands of small rice mills
 

which have been inoperation and organizationally assimilated
 

into the Indonesian management system from the colonial era.
 

This approach would require financial loans by the central
 

government, perhaps through the local channels of KUD (Village
 

Co-op).
 

The second approach could be to convince the local plantation
 

and estate owners that they should establish and manage their
 

own centers, and thereby increase their profit position. This
 

approach would perhaps be very effective with the larger
 

plantations which are generally owned and operated as govern

ment enterprises, because the central theme for these govern

ment enterprises ( as often stated by tie Central Government)
 

is to devise ways to improve the living conditions of the
 

people intheir area. This program would serve that purpose
 

plus give them an extra commodity for income.
 

8.4 Utilization of Wood Residue
 

8.4.1 	 General
 

Logging and forest product manufacture create vast amounts of
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wood residue that form a potential source of energy. Es

timates of logging residue amount to about 50 percent of
 

the standing volume harvested. Sawmill residue runs to
 

35-40 percent of log volume processed. While total volume
 

harvested varies considerably on the outer islands, it
 

is safe to say that logging and sawmill waste run into
 

many million cubic meters annually.
 

Energy self-sufficiency of the wood products industry should 

be a near term goal in Indonesia. Efforts should be made 

to develop data on conversion units (combustion - steam 

turbine - electricity or gasification) and promote their 

acquisition by the wood products industry.
 

Direct combustion of this waste to produce steam and use of
 

turbine-generators to supply electricity for mills isone
 

of the most common approaches. The energy needs of mills
 

can also be met by using gasifiers. The suitability of
 

these two alternative energy supply systems would largely
 

depend on the relative economics, ease of operation, and
 

comparability with the existing energy supply system, 

if a new mill is being constructed, then direct combustion
 

systems would probably have an economic advantage over
 

a gasification system. However, in the case of existing
 

mills, the gasification option could offer better compati

bility with the existing energy generation system of the
 

mill. 
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8.4.2 Specific Recommendations
 

8.4.2.1 Sawmill/Forest Residue Conversion to Charcoal.
 

Sawmill residue in excess of self-sufficiency needs and
 

logging residue could be studied with respect to volume,
 

sizes, concentrating the residue at roadside or mill

site, chipping costs, quality of chips. Continued de

development should be made of the potential of producing
 

charcoal on Kalimantan and other islands for shipment to
 

Java.
 

8.4.2.2 Portable Charcoal Retorts Development. In
 

Indonesia logging operations require an extraordinary
 

amount of capital equipment and expense to bring out the
 

logs to a transportation site. During the felling opera

tion, many secondary trees are felled or otherwise rendered
 

This residue is left for two reasons. First,
as waste. 


because there is no market and the cost to bring out the
 

waste is the same or slightly more than to bring out the
 

good logs. Secondly, because while there is a fee levied
 

on all felled trees, the government is lax on enforcing
 

the "letter of the law" if the contractors do not bring
 

out the product. Large sums of money are saved by not
 

being forced to pay the fee on trees not used. However,
 

this causes excessive losses of biomass resource.
 

To help the contractors to make better use of this waste,
 

an aggressive program of portable charcoal kilns should
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be initiated. Inthis manner, the contractors can con

vert the waste "on the spot", and remove the charcoal to
 

the transportation site without the need for heavy equip

ment. This would lower the tree removal cost substantially
 

and provide the necessary incentive for contractors'
 

participation. 

8.5 Advanced Conversion Technology
 

The above sections 8.1-8.4 are extensions of present technology and
 

should be strongly emphasized in order to increase the biomass to
 

energy potential in Indonesia. Section 8.5 considers four new tech

nologies which are being developed and which have longer-term impli

cations. These are gasification, pyrolysis, ethanol production, and
 

methane fermentation.
 

8.5.1 Pyrolysis
 

8.5.1.1 General. Development of pyrolysis has already occurred
 

in Indonesia. This isespecially true inthe case of small ap

propriate technology units, but larger units could be developed.
 

It is recomended that support of additional improvements in
 

pyrolysis technology be provided, and that commercialization be
 

encouraged through low interest loans or other means.
 

8.5.1.2 Specific Recommendations for Large Scale Pyrolysis.
 

A quick look at the biomass resource availability in Indonesia
 

would indicate that only wood and wood residue could sustain
 

the operation of large scale pyrolysis plants. Because of the
 

fuel transportation cost limitations, these plants would have
 

",It
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to be located near the wood resources; this would require the
 

plants to be located on the islands of Sumatera and/or Kalimantan.
 

The economic feasibility of large wood-based pyrolysis plants
 

would generally depend on the ruarketability of pyrolytic oil and
 

char. Based on the results of studies conducted in the U.S.A.,
 

it could be safely assumed that the pyrolytic oil, after neces

sary equipment modifications, could be used in industrial residual
 

fuel oil fired installations. The charcoal could be added to
 

the same distribution and marketing system that should be es

tablished for kiln produced charcoal.
 

The gaseous product of a pyrolysis process has low to inter

mediate energy content, thus it cannot be economically trans

ported over long distances. The best use of this product would
 

be at the plant site. For example, itcould be used to supply
 

the pyrolysis heat and in-plant power to run the equipment.
 

The final decision on whether to install a rathe., capital in

tensive pyrolysis conversion system over a more conventional
 

kiln system would have to be made after a careful economic
 

study of specific site conditions and market trends.
 

8.5.1.3. Specific Recommendations for Small Scale Pyrolysis.
 

At the ITB Technology Development Center in Bandung, research
 

and development work has primarily focused on developing small
 

rice husk pyrolysis systems for the local rice mills. Two
 

one tonne per day pyrolysis systems have been installed near
 

Bandung. One of these units is installed at an existing rice
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mill. The main purpose of the on-going research and development
 

activity is to test the operation of a small rice hLsk pyrolysis
 

unit and fine appropriate utilization of the pyrolysis products.
 

Once again, from initial observations of the resource availability
 

and economic calculations, as reported in their most recent report
 

dated October, 1980, it is believed that there iF potential ap

plication of the program that is underway now at ITB. It is
 

recommended that this program be observed closely.
 

8.5.2 Gasification
 

8.5.2.1 General. In Indonesia research and development work is
 

slowly expanding in the biomass gasification area. At the present
 

time an Imbert gas generator and retrofitted diesel engine (25 kW
 

output) isoperating at the solar village in Picon. This gasifier
 

diesel-generator set is currently being used to pump irrigation
 

water. A small bench scale (about 3.0 kg/hr) gasifier is present

ly being tested for different biomass feedstock at ITB inBandung.
 

At the BPP Teknologi (PUSPIPTEK) plans are currently underway to
 

construct a small charcoal gasifier to produce DC electricity.
 

The capacity of this gasifier-engine generator will be about 5 Kw.
 

The low calorific (low BTU) value gas produced from an air blown
 

biomass gasifier can be used to operate internal combustion
 

engines, to fire boilers, to generate electricity, as fuel for
 

drying kilns, etc. Since the gasification technology for pro

ducing low-calorific value gas is available, in the near term
 

this technology would find application indifferent Indonesian
 

energy consuming sectors. Application of this technology in
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different sectors isgiven below.
 

8.5.2.2 Specific Recommendations.
 

8.5.2.2.1 Forest Products Industry.
 

The existing sawmill and plywood mills produce a sizable
 

This waste wood can be converted to
amount of waste wood. 


supply the in-plant energy needs of these mills through gasi

fication. For example, with gasification the existing diesel

generators and/or engines can be used to run on a mixture
 

(90% gas and 10% diesel fuel) of gas and diesel fuel or the 

engines can be retrofitted and run on 100 percent gas. In
 

the latter case the engine will be derated considerably, however,
 

since most of the existing diesel engines are oversized, the
 

derating would not seriously impact the normal mill operation.
 

The relative economics of these two alternative energy supply 

options should be evaluated, however, the simple design, quick 

startup, and minimum attendance requirement of small gas generator 

plants cannot be denied. 

8.5.2.2.2 Electricity Generation.
 

Consideration should be given to retrofitting the existing
 

small (10 mwe) PLN oil fired electricity generating plants, in
 

Sumatera and Kalimantan. On the island of Java, because of
 

the lack of wood resources and the planned large (400 mwe) coal

fired central stations, small wood-based electricity production
 

plants will not be cost competitive. For the other wood pro

ducing areas, however, it should be very cost competitive.
 

r
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8.5.2.2.3 Agriculture.
 

Low calorific ras generators are suitable for supplying
 

energy for different agriculture or related operations. For
 

example, agricultural waste (crop residue) can be used to pro

duce a low calorifi'c gas which inturn could power a retro

fitted diesel generator to drive either an irrigation pump 

or a rice mill. In Indonesia, rice husks and rice straw are
 

the most commonly available agricultural residues. The higher
 

ash content (silica) of rice husks does create some operational
 

but these difficultiesdifficulties for the gas generators, 

can be overcome by certain design modifications. 

All of the following are feasible feedstocks for gasification:
 

Rice husks Cocoanut fibre
 

Paddy stalks Sugar cane fibre
 

Ground nut shells Oil nut fibre
 

Corn cobs Peat
 

Coconut shells Alang-alang grass (Imperata Spec.)
 

8.5.2.2.4 Applicatiin of Advance Gasification Technologies.
 

Advance gasification technologies, ie., high pressure gasifica

tion, fluid-bed gasification, oxygen-blown gasificatior, and
 

catalytic gasification, are being developed in the U.S.A. 	for
 

the production of snthesis gas (CO/H2 ) on a large scale. This
 

synthesis gas in turn could be used in the production of dif

ferent chemicals and fuels. Methanol is one of the chemical
 

fuels 	which could be produced via this biomass gasification
 

Since
(oxygen-blown) and subsequent catalytic synthesis route. 
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methanol is one of the liquid fuels which is seriously being
 

considered as a gasoline additive, in the short run, and gaso

line substitute in the long run, the need for developing ad

vance biomass gasification technologies cannot be over-emphasized.
 

In Indonesia there isa great amount of interest indeveloping
 

an alcohol fuel (both ethanol and methanol) industry. In
 

line with this interest, serious efforts should be made to de

velop advanced biomass gasification technologies, particularly
 

for gasifying wood and wood residue.
 

8.5.3 	Ethanol Production
 

As indicated in Section 7, an ethanol production plant of
 

5,000 kiloliters/year capacity is scheduled for construction
 

in 1981 ina transmigration area located in South Sumatera.
 

Feedstock will consist of sweet potatoes grown by individual
 

farmers 	on their respective farms.
 

Itis recommended that the alcohol plant in Suth Sumatera
 

be observed carefully to determine the potential for further 

development of this program.
 

8.5.4 	 Methane Fermentation
 

While biogas production from animal waste, garbage and refuse,
 

and plant materials has considerable potential, each plant
 

requires substantial capital expenditure when constructed ac

cording to present designs. Continued development of this
 

natural process pf producing energy from waste matter and
 

plant materials should be encouraged, with special attention
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to low cost designs which require little operation and main

tenance.
 

8.5.5 	Dendrothermal Plants
 

The potential of growing trees for direct combustion to produce
 

electricity is substantial in less densely populated areas out

side Java. A pilot scale dendrothermal project is on-going
 

presently in the Philippines, where the climate and biomass
 

production conditions are similar to those in InO3nesia. It
 

is recommended that this program be monitored by obtaining per

mission from the Philippine government to station a technical 

person 	on sitc in the Philippines to obtain data and determine
 

potential for dendrothermal application in Indonesia.
 

8.5.6 	Methanol
 

Currently, research effort inalcohol fuels production is being
 

shared in Indonesia between ethanol and methanol production.
 

With such a large quantity of wood residues (Section 5.2) avail

able, considerable attention should be directed towards finding
 

means of converting that biomass to methanol, since methanol
 

production technology includes a gasification step most suitable 

for that type of waste (i.e., wood waste from forest products 

industry). Incontrast to several thousand planned decentralized
 

alcohol production facilities, relatively few larger methanol
 

production plants could be built near the source of wood wastes
 

(i.e., at saw and plywood mills or pulp mills), and be managed
 

for export in the same manner as the finished products of the
 

respective facility, thus keeping additional transportation
 

costs 	at a minimum. 
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9.0 	EVALUATION
 

Section 2 describes the biomass resource base in Indonesia. It
 

is seen that on Java the intensive use of land for food production
 

becau!;e of high population density has resulted in a large deficit
 

in fuelwood production as compared with demand, while on the outer
 

islands the production and demand are in relative balance. Where
 

there is a shortage of fuelwood, such as on Java, the use of agri

cultural wastes and the home garden's potential for firewood are
 

important. Infact, data indicate that if home gardens were well
 

managed, they could contribute up to 60% of the fuel demand of a
 

village community.
 

Section 4 describes the current utilization of biomass. It is seen
 

that, on an qquivalent energy basis, firewood and waste contribute
 

about 50% of the energy of the country, with most of the remaining
 

energy coming from oil. The fossil fuel resource israpidly being
 

depleted, however, while firewood and wastes are renewable resources.
 

Ittherefore cannot be over-emphasized that all possible efforts must
 

be made to expand the renewable firewood and waste resource base in
 

order to conserve and become increasingly independent of fossil fuels.
 

Section 3 describes the trends in the extent of the biomass resource
 

base, such as deforestation of heavily populated areas, but on the
 

positive side there is reforestation and the introduction of fast

growing trees. Section 5 describes the potential for future use of
 

biomass, and Section 8 describes specific recommended steps in the
 

increased develpoment of biomass resources for energy.
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The significance of emphasizing biomass as an energy source is that
 

because of the climate, rainfall, and fertile conditions of the soil
 

in Indonesia there are great opportunities to grow vast amounts of
 

biomass which can be converted to energy. Programs of accelerated
 

growth of biomass and conversion to energy should be implemented now
 

while there are funds available from sale of fossil fuels, and in
 

preparation for the future years when available fossil fuels will be
 

diminishing in quantity while the population gwuwth and increasing
 

use of energy continues. It is well known that the internal domestic
 

consumption of fossil fuel energy is growing at a rate which is much
 

more rapid than the development of new fossil fuel -"1 and that
 

at the present rate of growth, within nearly a decade, the country
 

would have to begin to import fossil fuels at the extremely high prices
 

which will prevail in the 1990's. It is absolutely necessary that the
 

country use its resources and the technologies of other cor.,tries in
 

order to become energy self-sufficient, with much of the energy coming
 

from biomass.
 

Another important significance of the potential for future use and
 

recommended steps in the development of biomass resources for energy
 

is that the amount of kerosene being used as an energy sour(.e is in

creasing at an alarming rate, and the subsidy provided is already of
 

great economic concern. It is therefore also absolutely necessary to
 

develop more biomass to replace kerosene, so that in the 1990's the
 

use of kerosene as an energy source will be greatly diminished.
 

The benefits derived by Indonesia from the project Energy Planning
 

For Development are extremely great. The present Five-Year Plan
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emphasizes development of industry and technology throughout the country.
 

This development cannot occur without the use of vast amounts of energy.
 

Inother words, energy must be available as one of the primary conditions
 

to development. Itappears from an examination of the amounts of energy
 

being used that by the end of the present Five-Year Plan the amount of
 

energy available could be the primary deterrent to dchieving the goals
 

desired in the area of industrial development. Therefore, energy planning
 

for development isan absolute necessity in order to achieve the goals
 

of the present Five-Year Plan and especially inorder to use these
 

goals as the foundation for developing the next Five-Year Plan.
 

There are several types of energy which can be harnessed for future use
 

and which is renewable. Biomass is one of the major such energy sources,
 

others being hydro power, solar energy, photovoltaic energy, and wind
 

energy. The accelerated use of biomass is by far the program which
 

will provide the largest near-term results at the least cost. Italso
 

is a program which can be carried out simultaneously throughout the
 

entire country in small-sized projects at the village level which will
 

benefit not only the villagers individually but also the national
 

government ifthe government can reduce or eliminate the present energy
 

and cost of subsidizing kerosene use. Biomass energy should therefore
 

be given the highest priority in early implementation programs in
 

order to develop self-sufficiency for Indonesia without the use of
 

fossil fuels.
 

Further analyses are required in determining more specifically the
 

amount of biomass energy which is required per family or per person
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throughout the entire country. Published data on biomass requirements
 

vary by as much as an entire order of magnitude, and therefore one of
 

the highest priority studies, some of which are now on-going, is to
 

develop better current data on biomass use.
 

Another recommendation for further analysis isto evaluate the improve

ment of transport between the islands. This isvitally necessary because
 

of a disparity in distribution of population and natural resources such
 

as biomass. Studies should be made and programs implemented to improve
 

the transport systems by both ship and rail, and especially the construc

tion of dock facilities in order to improve the efficiency and decrease
 

the cost of inter-island shipping. Such shipping improvements would
 

improve the shipping of coal, woody biomass products, and food between
 

the islands, allowing an equal 'istribution in spite of the unequal
 

distribution of population and natural resources at the present time.
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10.0 REPORTS PROVIDED TO PROJECT LIBRARY INJAKARTA
 

1. Silvicultural Biomass Farms, Vol. V, Conversion Processes and
 

Costs, C. Bliss and D.O. Blake, The Mitre Corporation, McLean,
 

Va. (1977).
 

2. Bioresources Digest, A Journal on Biomass Utilization, Vol. 2,
 

No. 3, NEUS, Inc., Santa Monica, Ca (1980).
 

3. Comparative Economic Assessment of Ethanol from Biomass, D.
 

Medville, et al, The Mitre Corporation, McLean, Va. (1978).
 

4. Feasibility Study for Anaerobic Digestion of Agricultural Crop
 

Residues, E.Ashare, et al, Solar Energy Research Institute,
 

U.S. Department of Energy, Golden, Co. (1979).
 

5. Methane Generation from Human,-Animal and Agricultural Wastes,
 

National Academy of Sciences, Washington, D.C. (1977).
 

6. A Study of the Feasibility of Cogeneration Using Wood Waste as
 

Fuel, W.F. Thorn, et al, Rocket Research Corporation (Seattle)
 

and Electric Power Research Institute, Palo Alto, Ca. (1980).
 

7. Charcoal Making for Small Scale Enterprises, An Illustrated
 

Training Manual, International Labour Force, Geneva (1975).
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APPENDIX A
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Prof. A. Arismunandar 


Ir.Tangkas Roesad 
Dr. A. J. Suryadi 
Ir.E. Darianto 
Ir.M. Pandjaitan 
Ir.E. Utomo 
Ir.L. Sumiaroso 
Prof. Herman Johannes 
Prof. Ida Bhgus Agra 
Prof. Sri Warnajati 
Prof. Sukoharto 
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Dr. H. H. Sitompul 
Dr. K.Abdullah 
Dr. S. Sumintawikarta 
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Dr. S. Sapiie 
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Dr. S. Sasmojo 
Dr. Saswanadi 
Mr. S'inariyo Hardjodarsono 
Dr. ! Hartoyo 
Dr. 0. Sumarwoto 
Ir.Noegroho Hadi, HS. 

Dr. L. M. Panggabean 

Ir.Wardiman 

Ambassador E. Masters 

A. W. Trick, Agricultural Counselor 

T. Niblock, Chief of Mission 

W. H. Littlewood 

Dr. W. P. Weatherly 

R. Vincent 
K.A. Prussner 

M. J. Korin 
E.M. Barrau 

P. F. Narten 
Dr. J. R. Ege 

D. Fisher 

Dr. John Tatom 

R. D. Hardy 

Director for Resource
 
Development, DJK
 

DJK
 
DJK
 
DJK
 
DJK
 
DJK
 
DJK
 
U. Gajah Mada
 
U. Gajah Mada
 
U. Gajah Mada
 
U. Gajah Mada
 
I.P.B., Bogor
 
I.P.B., Bogor
 
I.P.B., Bogor
 
Min. of Agriculture 
Min. of Agriculture
 
ITB, Bandung 
ITB, Bandung 
ITB, Bandung 
ITB, Bandung 
Director, LPHH 
LPHH 
Pajajara University, Bandung 
Lemigas
 
BPPT
 
BPPT
 
U.S. Embassy
 
U.S. Embassy
 
USAID
 
USAID
 
1ISAID
 
UAID 
USAID
 
USAID 
USAID
 
USGS 
USGS
 
President, ITCI
 
Consultant
 
Consultant 
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APPENDIX B
 

DAILY LOG OF MEETINGS AND SCHEDULE OF
 

DR. ROLF T. SKRINDE
 

OCTOBER 17 TO NOVEMBER 3, 1980 AND NOVEMBER 21-24, 1980
 

October 17
 

Departed from Seattle, Washington, U.S.A.
 

October 19 

Arrived Jakarta, Indonesia - Sari Pacific Hotel 

Met at airport by William H. Littlewood of USAID. We had a brief discussion 

of my assignment on the biomass task, Energy Planning for Development. 

October 20
 

Met Ir.Tangkas Roesad, my counterpart associate in the Energy Rescurce De

velopment Directorate of DJK. He introduced me to Dr. A. J. Surjadi of
 

Met Ir.Endro Utomo Notodisuryo
DJK. We discussed the organization of DJK. 


of DJK and Secretary Yanti Suyunus. Met Kenneth M. Grover of E/DI (mini

hydro, micro-hydro and geothermal) and his counterpart associate Luluk
 

Sumiarso of DJK.
 

October 21
 

Telephone discussion with W. H. Littlewood regarding the project. Met
 

Dr. John W. Tatom, consultant to ITB Bandung (Dr. Filino Harahap) on
 

pyrolysis project, and Ruben Hardy, who is consultant to USAID project
 

with BPPT on use of D.C. electrical current for remote villages not
 

connected to central power grids.
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October 22
 

Meeting with Dr. Paul Weatherly of USAID - Environmental Planning (He made
 

a detailed village survey of fuel wood and kerosene uses in Klaten (Central
 

Java), Lombok, and Luwu (S.Sulawesi) to determine the effects of rural
 

electrification on village cultural and living habits.
 

Discussed biogas and alcohol projects in Indonesia with Ir.Tangkas.
 

October 23
 

Discussed program with Ir.Tangkas. Made plans to visit Bogor and Bandung.
 

Invited to dinner at W. H. Littlewood's house. Met Mr. Tom Niblock, Director
 

of USAID in Indonesia.
 

October 24
 

Meeting with Kenneth A. Prussner (USAID Agricultural Advisor). Meeting with
 

Dr. Cool A. Dutto (USAID Rural Development Division). Meeting with Enrique
 

14. Barrau (USAID Agricultural Extension Advisor) and Retno S. Sidarta of
 

USAID Agricultural section. Met with Alan White Trick, Counselor for Ag

ricultural Affairs, U.S. Embassy. Ir.Tangkas and I met with Dr. Antono
 

Arismunandar, DJK Director for Energy Resource Development. We discussed
 

the objectives of the biomass energy policy effort and my schedule taking
 

into consideration my duties on the biomass team which will be associated
 

with BPPT for three weeks in November.
 

October 25
 

Ir.Tangkas and I drove to Bogor, held several meetings, and returned the
 

same day. At ITB we met with Dr. Komaruddin Abdullah, Dr. Helen H. Sitompul,
 

and Dr. Ir.Zahrial Coto. At LPHH (Forest Products Research Institute)
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we met with Director Sunariyo HardJodarsono and also the head of the
 

Chemical Processing Division, Mr. Hartoyo Wardi.
 

October 26
 

The day was spent in studying reports and preparing notes for use inmy
 

final report. I discussed Py work ina telephone conversation with Mr.
 

Littlewood.
 

October 27 

Most of the day was spent in studying reports and meeting with Ir.Tangkas. 

He has arranged for mr-.tngs inBandung on October 28. Met with Dr. Paul 

Weatherly of USAID to discuss his report on the use of wood and other
 

biomass materials for cooking purposes in villages.
 

October 28
 

fr. Tangkas and I went by train to Bandung. We met with Dr. Filino Harahap, 

Director of the Development Technology Center of TB. We also get with Dr. 

Siswinadi Sasmojo, Vice-Director of DTC, and Dr. John Tatom, who serves 

as a consultant to Dr. Filino in the pyrolysis of biomass waste materials 

(rice husks). I later met briefly with Or. Soedjana Sapile of ITB and 

9PPT to make an appointment for the first meeting of the four-member USAID 

biomass team, which will begin a study regarding the PUSPIPTEK Energy 

Laboratory on November 4. We returned to Jakarta by car late in the evening. 

October 29
 

Most of the day was spent at ojr DJK office reviewing reports and discussing
 

biomass energy with fr. Tangkas. I also visited the office of Mr. Littlewood
 

of USAID and discussed the various energy projects in Indonesia with which
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he isassociated. Inthe afternoon I had a meeting with Mr. David Fisher,
 

President of International Timber Corp., which is partly owned by Weyer

haeuser of U.S.A. 1a discussed the use of timber waste materials for energy
 

purposes. Address: Kartika Plaza Building, Jalan Thamrin 10, First Floor,
 

Tel.: 342206 or 354740.
 

October 30
 

Visited Robert Vincent of USAID regarding forestry in Indonesia. Received
 

report from him on forest research carried out at Bogor. Ir.Tangkas and
 

I visited the Ministry of Agriculture Research and Development Agency in 

Jakarta. The Head of Research and Ovelopment is Mr. S. W. Sadikin. We 

actually met with Ir.Hariwijaya Soewandi of Infomation Service and Abdul 

Hammand of Statistical Data. 

October 31
 

Most of the day was spent in review of biomass energy reports. Visited
 

briefly with Mr. Perry F. Narten of U.S. Geological Survey, who suggested that
 

a New Zealand company is interested in using waste biomass materials for pur

poses such as housing. The company isP. T. Sudagu. The sales executive
 

isOemar H. Wirasaputra, with an office at Jalan Kali Besar Timur, Tel.:
 

673303 or 673317.
 

November 1
 

I reported to Dr. A. Arismunandar on my progress to date. Later in the
 

day Ir.Tangkas and I met with Ir.Soedjadi Martodiwirjo, Director of Perum
 

Perhutani, and Mr. Sujadi, Chief of the Bureau of Production. Fermentation
 

expert Kurt H. Vause from my company arrived inJakarta today. We spent
 

several hours discussing the use of biogas and alcohol plants in Indonesia
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to provide energy sources. Ir.Tangkas arranged for Mr. Vause and me to
 

meet with faculty of Gajah Mada University inYogyakarta on November 3.
 

November 2
 

Ir.Tangkas, Mr. Vause, and I traveled to Yogyakarta and visited rural areas
 

to understand more fully the relationship between food production and use
 

of biomass materials for food and waste products as energy sources.
 

November 3 

Ir.Tangkas, Mr. Vause and I held meetings with the following faculty members 

of Gajah Mada University: 

Prof. Herman Johannes - Blomass production 

Prof. Ida Bagus Agra - Pyrolysis of biomass waste products 

Prof. Sri Warnajati - Chemical orocessing of biomass materials 

Prof. Sukoharto - Methane fermentation of animal wastes 

We returned to Jakarti in the evening. During our return trip we discussed 

the assignments that Mr. Vause and I will have during the first part of
 

November, and how we will continue to make progress on the Energy Planning
 

for Development - Biomass Sb-task - during that time.
 

November 4-21
 

Biomass Energy Team consisting of four
I participated as coordinator of a 


specialists who were responsible to recommend design concepts and equipment
 

requirements for biomass activities which may be carried out at PUSPIPTEK
 

Laboratories. The four-person team specialized in forestry and biomass
 

production, thermo-chemical conversion of biomass to energy, and fermenta

tion processes for converting biomass to energy. Meetings were held with
 

officials and research and development personnel in the field of biomass
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energy at Bandung, Bogor, Surabaya, Kalimantan, and Jakarta. These meet

ings and the interaction with other members of the Biomass Energy Team were
 

helpful in gaining additional knowledge relating to the Biomass Sub-task in
 

the program of Energy Planning for Development. Mr. Kurt H. Vause was 

helpful especially in providing assistance to me 1%; several days after com

pleting his assignment as a member of the Biomass Energy Team. 

November 22-24
 

Analysis of documents and notes taken during previous five weeks of meetings
 

were completed in preparation for preparing recommendations for the Biomass
 

Sub-task report.
 

November 25
 

Ir.Tangkas and I met with Ir.Neogroho Hadi, HS., who is responsible for
 

the biogas program at LEMIGAS. A good discussion was held of the biogas
 

projects which have been completed thus far on a pilot scale, using both
 

animal waste and garbage and solid wastes as feedstocks. One demonstration
 

project each ispresently planned for Cepu, Bali, and East Java. These
 

projects are funded by DJK. 
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APPENDIX C
 

TERMS OF REFERENCE
 

INTEGRATED WOOD ENERGY VILLAGE FOR TRANSMIGRATION
 

OBJECTIVE
 

An integrated energy village using wood from fast growing trees as the
 

biomass resource base for the primary purpose of producing power for use
 

in a transmigration area is planned. The power produced woulo be used
 

to improve the life of the people in the transmigration area, provide
 

lighti:ng, operate low energy consuming appliances such as refrigerators
 

and TV sets, and for commercial activities which may be undertaken in
 

the area. Activities which consume large amounts of energy, such as
 

cooking of food, will also be supplied by the integrated wood energy
 

Inthis case the wood used will be grown on the wood plantation,
village. 


but rather than cbnversion to electricity itwill bn used most efficiently
 

if burned directly or converted to charcoal or other materials prior to
 

use as a cooking fuel.
 

Power production from the integrated wood energy village will serve as a
 

demonstration of the use of the vast biomass potential available near
 

So-called dendrothermal plants
transmigration areas for energy purposes. 


are already in use in some countries where the biomass availability is
 

less than in Indonesia, such as in the United States, and other projects
 

are being started inthe Philippines.
 

To summarize, the objective of the integrated wood energy village is to
 

provide power and energy required for a transmigration area, thereby
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improving the quality of life of the people and making them totally self

sufficient in energy. The goal in commercialization would be to manufacture
 

the dendrothermal plants and other conversion units such as pelletizing
 

plants and charcoal kilns in Indonesia, thus adding jobs and enhancing
 

development.
 

SCOPE
 

It is estimated that a transmigration area will contain 4,000 families, or
 

a total population of about 25,000. During the feasibility study the follow

ing two concepts should be investigated. One would be to locate the wood
 

village in a central area, surrounded by the transmigration farms. This
 

would allow the shortest and most equitable distances from the wood growing
 

area to the individual farms for electric power lines and the transport of
 

cooking fuels. The other concept would be to have the wood growing village
 

located adjacent to the transmigration area. For a transmigration area of
 

4,000 families or 8,000 Ha, it is estimated that approximately 2,000 Ha of
 

wood village would be required, but this number should be analyzed more
 

carefully during the feasibility study.
 

The estimated 2,000 Ha of land near the transmigration area would be initially
 

a forested area, and therefore the production of power using these forests
 

could occur as soon as the power plant were constructed. Additionally,
 

some of the biomass removed in clearing the land for farming by the trans

migration farmers could be used as feedstock to the dendrothermal plant.
 

The scope of the project would consist of initial site preparation, con

struction of the electric power plant, and development of the power supply
 

grid of electric lines to the homes of the transmigration families. In
 

- %AtC-2 




order to conserve electricity so that it is not used for such high energy
 

consuming activities as cooking, the next step inthe scope of work will
 

be to provide sufficient cooking fuel to serve the transmigration area.
 

After the first area of plantation has been used for the dendrothermal
 

plant and for cooking fuels, then the planting of fast growing trees will
 

occur on a continuous basis, so that a constant supply of trees will be
 

growing and thus provide energy indefinitely to the transmigration area.
 

The cooking fuels used in the homes of the transmigration area will con

sist of firewood which can be burned directly, for those people who are
 

located close to the wood energy forest. For those who live several km
 

away there may be interest in converting the firewood to higher energy
 

forms for ease and economy of shipment. For this reason, a program will
 

be undertaken to convert some firewood into charcoal, and to palletize
 

firewood and residues. Other biomass conversion processes which would
 

be economical on the scale of serving a transmigration area may be
 

utilized as the technology develops throughout Indonesia.
 

PROGRAM SCHEDULE
 

The program is expected to have a duration of six years. This time period
 

is divided as follows:
 

1. Year 1 - Feasibility study, selection of site, site preparatic
 
for initial planting of fast growing trees
 

2. Year 2 - Continuation of site preparation and planting of trees. 
Beginning of design of dendrotherral power plant. 

3. Year 3 - Maintenance of tree farm, begirnaing construction of den
drothermal power plant, construction of pelletizing plant,
 
and charcoal kiln.
 

4. Year 4 - Construction of dendrothermal plant for electric power 
generation, continuation of tree farm maintenance. 
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5. Year 5 - Installation of distribution lines, completion of dendro
thermal power plant.
 

6. Year 6 - Beginning of operation of dendrothermal power plant. Oper
ation of other facilities for firewood conversion, such as
 
pelletizing and charcoal kilns.
 

EVALUATIONS TO BE MADE
 

As the program progresses, and especially after initial results are ob

tained sufficient for establishment of equilibrium conditions, evaluations
 

will be made to determine the potential of large scale commercialization
 

of the concept of integrated wood energy villages. These evaluations will
 

include the following:
 

1. Technical feasibility - Technical feasibility evaluations will relate
 

to the best type of fast growing trees, technical aspects of their
 

conversion to electric power indendrothermal plants, and conversion
 

to such fuelwood sources as charcoal and wood pellets.
 

ac2. Socio-economic evaluations - Analyses will be made of the social 


atceptance of the integrated wood energy village concept. Special 


tention will be given to the potential for providing power for sale to
 

outlying areas away from the transmigration area, and thereby bringing
 

in a source of revenue to the transmigration people. Cost/benefit eval

uations will be made as to the'economics of providing energy using the
 

integrated wuod energy village concept for both the transmigration area
 

inhabitants and for potentially other customers for the energy who live
 

near the area.
 

3. Energy input/output - Evaluations will be made of the total energy
 

budget in providing energy self-sufficiency to the transmigration area
 

through the integrated wood energy village concept. This includes
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analyses of energy inputs and outputs, as well as energy modelling
 

to develop predicative models for improving the later commerciali

zation of this energy system.
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I. INTRODUCTION
 

This report presents a brief analysis of the potential for the use
 

of geothermal energy and small scale hydropower in Indonesia. This report
 

was prepared as a contribution 	to the Energy Planning for Development project 

being carried out by Energy/Development International and associated 
firms
 

The overall project included energy
for the Ministry of Mines and Energy. 


demand projections and a survey of rural energy use as well as a set 
of
 

All of these elements were designed to contribute
technology assessments. 


The emphasis
to the formulation of national 	energy plans and policies. 


was on an overview of future energy demand and the role that various
 

alternative (non-fossil fuel) technologies could play in that future.
 

An important consideration in all elements of the overall project
 

was the development of capabilities within the Directorate GenerUl 
of Power
 

to carry out effective energy planning. Accordingly, much of the work
 

carried out on this assignment involved training, discussions and 
briefings
 

which can not be reflected adequately in this report.
of various , -a 


,ssed for each of the technologies considered were
The issues a, 


the following:
 

an evaluation of the resource base economically
1. 	Resource Base: 


Where possible the geographical
exploitabl .by current technology. 


distribution of the resource is 	specified.
 

recent trends in the development and use
2. Current Utilization: 


of the resource, including the end uses served by the resource 
and its
 

utilizing technologies.
 

the technical potential for economical
3. 	 Potential For Future Use: 


By "technical
 
use of the resource is evaluated for the years 1990 and 2000. 


potential" is meant the level of exploitation taking only 	technical 
factors
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into account, assuming that institutional and financing constraints can
 

be overcome. Technical constraints on the rate at which new geothermal
 

wells can be drilled, dams can be built, new transportation systems 

developed, etc. are important technical constraints that are considered
 

explicitly. "Economical use" is defined in terms of competition with oil 

at world market prices of $38/bbl in 1990 and $50/bbl in 2000 (1980 dollars). 

Geographical aspects of resource development and use are discussed where
 

possible and the cost of energy to the system is estimated.
 

4. Barriers to Use: the major barriers that must be overcome if
 

the resource is to be used at the potential defined above are identified.
 

5. Current Projects and Policies: current policies towards the
 

use of the resource and current projects (research, demonstration, pilot
 

plants, construction or operational plants) for its use are identified.
 

6. Next Steps: the next steps are identified that the government
 

should take in the development of the resource.
 

The next two sections of the report summarize the results of this
 

analysis for small scale hydropower and geothermal energy. 
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II. 	 SMALL SCALE HYDROPOWER
 

A. 	 Introduction
 

Hydropower development in Indonesia dates back to the beginning of the
 

19th Century. Some of the units installed by Dutch engineers before 1940,
 

ranging in size from 35 kw to 3 Mw, are still in operation. By the mid
 

1940's hydropower accounted for greater that 80 percent of total electricity
 

generation 1). That fraction has steadily decreased despite continual
 

increases in hydro capacity. Today there is 552 Mw of installed capacity,
 

Much of
representing 20 percent of the electric capacity used by the public utility. 


on Java where with dams used also for irrigation
this installed capacity is 


water supply. This results in low plant factors because of the higher
 

priority needed for irrigation water.
 

Small scale hydropower systems - sizes from 1kw to 5000 kw would 

appear to have an eno jous pntential - particularly in remote areas of 

Sumatra, Kalimantan, Sulawesi and Irien Jaya not served by a central grid.
 

This potential is essentially unexploited and even very little explored.
 

Small hydro does not find its greatest social and economic potential
 

in areas served, or soon to be served, by network power from major power
 

a
stations.. Its contribution to an emerging society is maximum when: it
 

when its
is geographically remote from areas served by network power; 


power has a maximum effect in reducing man hours per task; when its availability
 

the same time when
increases the disposable income from the area served and at 


it delivers an improvement in the health and other social aspects of the lives
 

of the people who would not otherwise receive these benefits in the absence of
 

electrical power.
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B. 	 The Resource Base
 

In the absense of any systematic evaluation of the small river hydro
 

resource base, a rough appoximation can be obtained from general geographical 

In terms of rainfall and th- ratio of mountains toand rainfall data. 


lowlands, Kalimantan and Sulawesi are the most favorable overall, but
 

N. Sumatra and parts of Java also appear attractive. Irian Jaya may be
 

the most economical of all, but the use of small scale hydropower there
 

is limited by the very small population. Table I gives some very
 

approximate numbers for the amount of small scale hydro power potential
 

in 	the promising areas. Rather conservative assumptions have been used
 

- 2 percent of the
in these calculations - for example that only I 


In these areas,
theoretically potential hydro resource can be utilized. 


then a total potential of some 484 Mw of capacity is estimated. The
 

per capita figures in the table are only indicative since they are based
 

on an estimate (also shown in the table) of the fraction of the total
 

areas that a) are not currently served by central
population that live in 


power sources and b) are in favorable rainfall-topography zones. In
 

Sumatra, Zor example, the estimated 8 million is out of a total population
 

of 26.6 million. If only a fraction of that populatinn were served, the
 

watts per capita shown in the last column would be even higher. Even 

the per capita figures given, ho'ever, are higher than the current national 

average per capita consumption of about 6 watts/capita. 

C. 	 Current Utilization
 

Although there is currently no significant utilization of small
 

hydro in Indonesia, there appears to be a wide-spread recognition of the
 

It Is recognized to be a instrument
potential viability of this option. 
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TALLE I 

MS-IflATW OF SMUL SCALE HYDR0P01JF* 

Relon *%ea 
million 

Run-Off 
M 

Av. Elev. 
mters 

Thcoretics. 
Power 

Practicavl 
Power 

Available 
Population, 

Practical 
Power Per 

Nac tares W M million Capita 
(watts/capita) 

N;. Sumatra 15.0 1470 400 4,370 44 6 7.28 

Vl1lmantan 53.9 1590 400 17.000 170 6 28.3 

Sulawesi 18.9 1200 1200 13,500 270 8 33.74 



to achieve the government's policy goal to "develop rural energy to permit
 

cheap energy supply in rural areas so that damage to forests, land and water
 

can be minimized" and to "increase the e'.velopment of electric power for
 

the improvem~ent of the welfare of the society in rural and urb~an areas and 

to p.ish and trigger economic activities". 

0. 	 Potential for Future Use 

the aualysis above we have estimated that approximatelyBased ots 

9 million people it.rural areas of Sumatra, Kilimantan and Sulawesi could 

For all purposes we
be served by srall scale hydro in "he next 15 years. 


This corresponds to j,50 Mw of
have assumed a 	per capita usage of 50 watts. 


connected load serving 9 million people.
 

Sizing of the st'stions is dependent on the population density in
 

areas of d'velopable hydro resources. For villages of 500 people with 

For smallconsumption of .05 k/.-'pita we would choose the 25 kw size. 

towns and local areas Gf 2000 people we would use I00 kw size. When 3000 

However, inpeople are clustered together we would need a 150 k- plant. 


most locations where 2000 people are concentrated some diesel 
power is
 

available and consumption exceeds 50 watts/capita. We have optimized
 

at 100 watts/capita; thus 1500 people will use 150 kW within 3 years of
 

start-up.
 

If 450 Mw is to be supplied even by stations of the largest size
 

Lest t,..s appear an
considered, 150 kw, this would require 3000 units. 


unreasonable iumber, It shm,Id be recilled that 49,000 small dams in the
 

U.S. are now being reconditioned. In the People's Republic of China
 

there are reported to be over '3,000 small hydro units in operation.
 

Most of these 	were built in the last 20 years. The first 60,000 units
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Most of the
had a maximum size of 1 Mw but an average size of 90 kw. 


units were huilt by People's Communes (rural cooperatives) at the county
 

Financial support was provided by the central government. It

level. 


should further be noted that our 3000 station estimate is limited 
by
 

market proximity, not by site availability. That number can expand as
 

rural population does.
 

On this basis we have assumed an installed capacity of 450 Mw 
in
 

2000 and 150 Mw by 1990.
 

E. Barriers to Use
 

The development of an effective small hydro program requires a
 

sequence of activities, the first and most important of which 
are indicated
 

below. Despite interest at a high level in small hydro, refered to above,
 

it has not been pushed ahead would appear to be the
 
one of the reasons that 


prevailing attitudes at the planning and operational levels 
regarding rural
 

Although the desirability of proceeding with rural
electrification. 


electric pow-ear development is virtually universally endorsed, the 
prevailing
 

philosophy is to depend on extensions of the central grid. 
This approach
 

limits rural service improvement essentially to Java and 
a small part
 

of Sumatra.
 

It appears that insufficient attention is currently being 
given to
 

decentralized alternatives to rural electrification. 
There tends to be a
 

bias in many foreign consultant reports towards central 
grid extension
 

reflecting, perhaps, the conditions of the industrialized 
countries and the
 

era of cheap central station power more than the Indonesian 
situation and
 

modern relative costs. In particular, unrealistically high costs have
 

As examples of expenditures which
 been attributed to small scale hydro. 
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are appropriate for large scale hydro which have erroneously been attributed
 

to small hydro are: detailed soil investigations, expensive and time
 

consuming hydrology studies and expensive civil work on tunnels, dams,
 

etc. Such attribution reveals a lack of understanding and experience
 

in small hydro design, installation and operation.
 

F. 	 Next Steps
 

In order to implement a small hydro program, the following steps
 

are recommended:
 

1. A small-area site survey should be carried out, preferably
 

by a team consisting of foreign small hydro experts together with Indonesian
 

counterparts in Kalimantan, Sumatra, and Sulawesi for the purpose of
 

selection and data zollection on 21 sites. The criteria in this selection
 

should include:
 

a) 	 Year-round water supply with dry season minimum flow
 

in excess of small hydro plant needs (water rights
 

controlled by power - nct irrigation.).
 

b) 	 Market for power to be evaluated with social, cultural
 

and economic benefits recognized.
 

c) Installation requires minimum civil facilities; non-dam,
 

low cost water supply system to be 50 percent or less of
 

equipment cost.
 

d) Possible secondary use of water (irrigation or other).
 

e) No existing or planned network service to area to be
 

served by the small hydro system, for at least 10 years.
 

f) Minimum of distribution facilities cost. Demand load is
 

at site or nearby.
 

g) Positive indication of growth in area GDP as a result of the
 

small hydro installation.
 

h) Access to site for equipment transport and erection.
 

i) Local people who can be trained to operate and maintain
 

the plant.
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J) Local government 	interest to assure record keeping and
 
"visibility" to other government sectors, cooperatives, 

and PLN. 

2. With photos, site 	drawings and local need data in hand, the
 

rural electrification 	aurhorities should choose one or more sites for a
 

each island. It is recommended that"typical" demonstration unit on 

the first units be limited to 50 kw. It should be possible to get 

external assistance funding for the cost of the hardware F.O.B. Jakarta
 

(approximately $50,000 each).
 

While steps 1 and 2 are in progress, a series of approximately
3. 


100 gauging stations should be installed by Indonesians (perhaps with
 

technical assistance) 	to develop flow-duration curves for a group of selected
 

river basins. Similar 	basin models can then be created for the entire
 

applicable area using these data and aerial photos.
 

the work outlined in step 1,two
4. 	 During the early part of 


to the U.S. to see several small hydro plants
Indonesians should be 	sent 


operating in accordance with the site selection criteria given above,
 

and without dams,tunnels or expensive civil work.
 

An evaluation should be made of the economics of decentralized
5. 


rural electrification, particularly by small hydro, giving consideration
 

to the effects on regional development, social value and support to the
 

In this analysis the cost of
government's transmigration program. 


small hydropower development should be compared with alternative decentralized
 

systems, particularly diesel (with fuel based on world costs or shadow
 

prices) as well as grid extension. The decentralized option should be
 

the central grid,
considered in some regions as a step towards access to 


making that extension more cost effective.
 

6. We recommend that Indonesia act as host to a regional workshop
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on small hydropower, before the initial selection of 20 sites 
has
 

commenced, so that the workshop information will be in the possession
 

the two specialists
of the Indonesian members of the survey team as well as 


sent to the U.S. under step 4.
 

Several important phases and tasks would be completed on the
7. 


same time table, perhaps September 1981.
 

a) The 20-site inventory and technical site-data task. 

b) The small hydro workshop and U.S. site visit could complete. 

c) Gauging stations installed and data being gathered. 

d) Indonesian knowledge and confidence in small hydro exists. 

Against this background the government can proceed in two ways:
 

1) 	 They could have already ordered a 50 kw impulse
 

turbine for 50 meters head and 7-8 cfs (about 0.23
 

meters3 ) or;
 

They 	can order it at this time for about $50,000 U.S.
2) 

and 5 months delivery at factory.
 

case 	to shorten
The site can be selected to fit the turbine in this 


program time.
 

8. 	We recommend this unit be carefully installed and operated 
as
 

- but in a remote location where social and economic
 a learning machine 


not a technical exercise alone but a
 values can be obtained. This is 


social and commercial tool. An excellent site exists at a small village
 

in West Sumatra about 100 km from Padang.
 

9. At this stage (say January, 1982) the data can be analyzed
 

to identify areas in which the criteria defined above are satisfied. 
With
 

the best areas identified, the survey is greatly reduced in 
cost and scope.
 

of interest can now be mapped, photographed from lower altitudes
The areas 


At this point the
 
and interferences such as irrigation, etc., determined. 
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task becomes one of picking the best sites from the thousands of
 

There will be in excess of 500 such sites in
possibilities displayed. 


Sumatra alone. Units should be standardized: perhaps four runner
 

diameters and vary nozzles to vary power.
 

The program could be implemented initially with a few packaged systems
 

available in the U.S. today (from any one of three manufacturers). The
 

impulse turbines should soon be manufactured in Indonesia, with only a
 

few critical parts purchased abroad.
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III. GEOTHERMAL ENERGY
 

A. Introduction
 

large potential for geothermal power development in IndonesiaThe very 

Indeed, throughhas been recognized since the early part of the Century. 


out the archipelago there are unavoidable signs of geothermal activity 


hundreds of volcanos, many of which are still active, craters, and hot
 

springs. Unlike small scale hydro, discussed Above, a program directed
 

towards commercial geothermal power development is under way. Its scope,
 

however, does not appear to be consistent with the very large potential 
of
 

this resource. 

Exploration for geothermal (volcanic) steam dates back to 191C with 

been carried out by the Geologicalmore recent exploratory effo::ts having 

Su-vey of Indonesia, Pertamina's geological survey office, as well as 

1972), France (1968), the U.S. (1970),
foreign teams from the UN (1964-63-

New Zealand (1971) and Japan (from 1974)(2)•
 

B. The Resource Base
 

by an "L" -shapedThe resourc base in geothermal energy is defined 

The base of the "L" lies along a mountain
 area of high volcanic activity. 


range with its center at Kamojang in West Central Java. The vertical
 

leg of the "L" follows a highly faulted and volcanic trend northeasterly
 

a locus of points along the eastern coast
from the north shore of Java to 


of Kalimantan and western Sulawesi.
 

The "L" shaped area of Geothermal interest has developed by the conflu

ence of 3 Tectonic plates. Over many thousands of years this plate activity 

has produced the three requirements needed to create Geothermal energy 
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recovery possibilities, i.e.
 

a) presence of magma near the rArth's surface.
 

b) sufficient elevation above sea-level to give adequate
 

hydraulic load in the re-charge water circuit.
 

c) proper sub-surface rock conditions to permit heat
 

exchange between the hot magma and the re-charge water.
 

The high rate of rainfall (2000 mm) in Indonesia completes the 
picture
 

through adequate sup-ly of re-,charge water. The principal areas of
 

Indonesia which are thought to be worthy of commercial development
 

according to the latest investigations by the Directorate Vulcanology
 

Bandung are:
 

Sumatra
 

Aceh, Sumatera (PT)
1. Seulawah Again 


West Sumatera (PT)
2. Muaralabuh 


West Sumatera (PF)
3. Pasaman 


Jambi (PT)
4. Lempur and Semurup 


Jambi (PF)5. Serampas 

Lampung (PF)
6. Ratai 


Where 	 PF indicates Prospective 

PT indicates Potential 

PI 'ndicates Producing 

The Padang and Posumah areas lie along the Great Sumatra Fault Zone. 

Hot Springs and fumarolos are numerous along this line for 1650 
km from
 

Semangko Bay in the southwest.
Aceh in tie northwest to 

Java
 

Banten (PT)
I. Danau Volcanic Area 


Cisolok Area (PT)2. Cisolok-Cisukarame 

South 	Priangan (PI)
3. Kamojang and Drajat 
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4. Perbakti-Kiaraberes 


5. Kawah Karaha 


6. Tampomas 


7. Dieng-Sikidang 


Kal imantan 

Salak Volcano 


Talagabodas 


Tampomas 


Dieng Plateau 

(PT)
 

(PT)
 

(PT)
 

(PI) 

In the
Ten hot springs are known to exist on this large land mass. 


southeast section an area of prospective Geothermal promise is thought to
 

Much work remains to be dcne before any plans can be formulated here.
exist. 


Sulawesi
 

The southwestern section along Makasar Strait appears to have Geothermal
 

potential. Part of the northern peninsula and central area is dotted with
 

The Great Sunda mountain system
hot springs and is worthy of more study. 


is intersected by the East Asia Arc Tectonic System and thus the magma is
 

brought near the surface. Particularly the south area looks promising due
 

to the presence of Tertiary sediments incluuing reservoir and capping layers.
 

The Lahendong-Tompaso area in Minahasa, North Sulawesi is under development
 

and the Kotamobago area is another potential area in the North Sumatra. The
 

followitig are other areas of potential power recovery:
 

1. Minahasa 


2. Central Sulawesi 


3. Para Thermal Field 


4. Mamasa Theimal Field 


5. Somba Thermal Field 


6. Songola Thermal Field 


7. Pambu Swan Thermal Field 


8. Sutili Thermal Field 


9. Masope Thermal Field 


10. Simjai Thermal Field 


11. Midawa Thermal Field 


Volcanic region in inner arc
 

300 km Fossa Sarvasiu Fault
 

South Sulawesi
 

South Sulawesi
 

South Sulawesi
 

South Sulawesi
 

Sot.h Sulawesi
 

South Sulnwc,.
 

South Sulawesi 

South Sulawesi 

South Sulawesi (0 
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Since these areas are somewhat dispersed, they are worthy of consideration
 

for small decentralized power generation for local users.
 

Bali and Flores
 

The Buyan - Bratan area in Buyan-Bratan Caldera is a potential site
 

as is the Ulumbu area in West Nusatenggara.
 

Many surveys of Indonesia Geothermal potential have been made during
 

the period from 1926 thru 1974. Sumatra, Java and Sulawesi probably have
 

the greatest oppo:tunities for economic energy recovery. No accurate
 

estimate of GW hours is available but the nattral heat flow liquid water
 

of the entire Dieng System is 7700 Kcal/sec or at 100 percent efficiency
 

about equal to a continuous power output of 32,500 kilowatts (32.5 Mw).
 

When we consider that this is natural heat flow, we must also recognize the
 

great increase in heat availability from drilled production wells.
 

We would concur with the estimates given in the report, "Conclusions,
 

Energy Workshop in Jakarta, April 17 - 18, 1080" regarding exploitable
 

resources, namely:
 

Java 5,500 Mw
 

Sumatra 1,100 Mw
 

Sulawesi 1,400 Mw
 

There are additional reserves of about 3000 Mw in other inland locations.
 

10,000 Mw appear to be available for development.
Overall 8,000 to 


C. 	 Current Utilization
 

'

The first geothermal plant is a 250 kw "monoblock"

(3 ) turbine generator
 

unit at Kamojang in West Java. This has been in operation for about a year
 

and produces about 100 kw in pilot operation. The unit receives steam
 

from a vapor dominated reservoir and has experienced normal maintenance
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problems associated with vapor-dominated reservoirs. Deposits, 
thought to
 

be mainly boron compounds have been removed recently from the 
interior and
 

There has not been enough
analysis will be available in the near future. 


power demand to permit full-load operation and this introduces higher
 

This high temperature operation
turbine discharge temperatures than design. 


is a more favorable operating condition than will be experienced 
at full
 

load.
 

The second plant, a 2 Mw unit at Dieng Plateau in West 
Java will
 

or the turbine. These
 
utilize a large resistor to obtain full loading 


data starting about mid-1981 will provide useful information 
for future
 

projects and policies.
 

D. 	 Potential for Future Use
 

The long range technical potential of geothermal power has 
been
 

estimated above as 8,000 - 10,000 Mw. All:hough it would require a
 

substantial effort, we would estimate that about 3000 Mw 
of geothermal
 

power could be on line by 2000.
 

We base this rather expansive estimate on the relative economics
(4)
 

D.R. 	Wilson
of geothermal power relative to other sources. 
has
 

estimated the cost of power from geothermal sources in Indonesia 
as 1.5/kwh
 

(1.1C/kwh capital costs and 0.4c operating and maintenance). 
This is
 

based on units of 200 Mw size, and thus may incorporate 
an economy
 

We would prefer a figure for
 of scale which is not applicable to Indonesia. 


overall power costs of about 2.5c/kwh. But this number is far less than
 

the fuel compon, itof oil based thermal power (about 4.5c/kwh).
even 


The greatest potential for future use will be along 
the central Sumatra,
 

North Central Java and Sulawesi Vo±L.nic areas. Plant sizes may vary
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to larger central power stations up to
from 250 kw (Monoblock-Type) plants 


about 100 Mw.
 

Z. 	 Current Projects and Policies
 

At this time, the major effort expended has centered in exploration
 

for and evaluation of reservoirs. The Kamojang field, known sinne 1926,
 

has been partly defined insofar as area is concerned and well defined as
 

The Dieng Plateau geothermal area hus also
 a vapor-dominated reservoir. 

been drilled extensively and exploration continues. 

In view of the potential of this resource, currently exploration 
is 

Only 3 drilling rigs were in operation at the proceeding at a slow pace. 


time of this study (1980). Exploration rigs average 1.4 wells per year.
 

Success ratio for production drilling is 67 percent and these 
wells
 

Thus, to meet the 3000 Mw of geothermal power
average 4.2 Mw per well. 


targeted in Repelita III by year 2000, 32 drilling rigs must 
drill from
 

This would be a very significant acceleration
1980 forward for 20 years. 


from the current program.
 

this time the clpssical problem of geothermal energy utilization
At 


has not been solved. The primary energy-form developed from geothermal
 

fields is electricity. Geothermal deposits are located along the edges
 

of Tectonic plates with attendant high risks of earthquake activity, volcanic
 

eruptions and generally are in mountaino, - These are generally not
areas. 


the areas most likely to be served by transmission lines 
able to receive
 

Since most fields will need
 the power developed by a geothermal station. 


to be piloted by smaller "Monoblock-Type" units before larger 
station
 

design should be attempted, some small amount of power 
will be wasted
 

before transmission lines could be justified into the area.
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The Government has identified five areas on Java for geothermal
 

development and has invited foreign investors to submit proposals along
 

3 general lines(5):
 

1. 	 Field Exploration and development, selling steam to PLiN for
 

power generation.
 

2. 	 Field exploration and development plus construction of a power
 

plant selling power to PLN.
 

Field exploration and development plus construction of a power
3. 

plant with investor taking all or part of the power.
 

F. 	 Next Steps
 

I. As discussed above, the achievement of severl thousand
 

4w of geothermal electricity by 2000 will require a significant 
increase
 

in exploratory drilling activity.
 

Once promising fields are identified, rural electrification
2. 


programs 	should be funded in areas where small monoblock units can be
 

and, at the same time, to
installed to yield small blocks of local power 


"prove-out" the field.
 

A training program should be deisgned for geothermal geologists
3. 


and power development engineers.
 

the feasibility
4. An investigation should be carried out of 


of basing thermal intensive industries in geothermal areas. Food, paper,
 

textile and other industries now using fossil fuels could profitably be
 

cited in such areas.
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INTRODUCTION
 

The work reported on in this document involved a one-month assignment
 

in Indonesia working with representatives of the Indonesian government and
 

other members of the EDI, DS! project team. This assignment included
 

visits to major centers and institutions inJava to collect information on 

silar and wind resources, technologies and applications. The report covers 

the following topics:
 

* Resource base -- estimates of the quantity and quality of the
 
solar and wind resources.
 

* Current status of and trends inproduction and use.
 

* Potential future use of solar and wind energy. 

* Barriers to further development and use.
 

e Current policies and projects.
 

• Recommendations for government actions to develop solar and
 
wind resources.
 

For each of the above topics a report chapter has been prepared. In
 

each chapter both solar and wind are covered. Solar refers to photovoltaics
 

(PV) and solar thermal (high and low temperature). Inthe wind area both
 

mechanical and electrical energy production are considered, but emphasis is
 

placed on electricity production. The other resource and technology areas
 

often included under the term solar are either covered elsewhere (i.e.,
 

biomass) or are not relevant to this study (i.e., tidal, ocean thermal, and
 

passive solar energy).
 

In addition to the abovechapters several appendices are included. The
 

first appendix (A)contains a list of cormon abbreviations used inthis
 

report. Appendix B contains a summary of my agenda while in Indonesia and
 

summary reports on each of the principal visits or interviews conducted while
 

in Indonesia. The other appendices contain background data and information
 

to support the findings inthe main body of the report. Inthe final appen

dix answers to the following questions are included:
 

e The significance of the conclusions drawn inyour report for
 
Indonesian energy policy and planning.
 

@ The benefits derived by Indonesia from the overall project and
 
your component of itand a critique of the overall assistance
 
project.
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CHAPTER I
 

SOLAR AND WIND RESOURCE BASE
 

SOLAR
 

In Indonesia there are two types of solar radiation data. The first
 

type or primary data includes total global radiation and hours of sunshine
 

data taken by various agencies incluoing The Ministry of Communications
 

(Meteorological and Geophysical Institute), The Bandung Institute of
 

Technology (Mechanical Engineering and Engineering Physics), The University
 

of Indonesia (Physics Department), The Institute of Aeronautics and Space
 

(LAPAN), and The Ministry of Research and Technology (BPPT). These data are
 

measured at meteorology and research stations, and summaries are published
 

annually or contained in research reports. The attached reference list,
 

especially references 1, 2, 5,6 and 8, identifies some of the major sources.
 

Inaddition to measurements of hours of sunlight by Campbell-Stokes type
 

sunshine-indicating rediometers and various types of pyranometers, there
 

are a few measurements of radiation data with pyrheliometers and silicon
 

cell solar radiometers.
 

Secondary data include calculations of global and diffuse radiation
 

for places where no actual measurements were taken, as well as measurements
 

of cloudiness, visibility, evaporation rate, rainfall and temperature. There
 

are a number of stations which regularly report secondary data and there
 

have been several studies which have contributed secondary global radiation
 

estimates, especially reference 8 (seasonal iso-intensity maps of global
 

radiation for Java). A copy of the map showing calculated average annual
 

values of global radiation on Java is included in Appendix C. Some 

excellent early data on solar radiation inJava were taken by the Dutch and 

published inreference 17. This publication shews that for the years 1S28 

to 1932 the mean average global solar radiation for Jakarta was 400 i'ngleys. 

This compares favorably with the current average of approximately 364 for the 

years from 1964 to 1978. The lower value for today's readings islikely due 

to air pollution in Jakarta.
 

Two of the major problems with existing primary solar data are:
 

A) The distribution of stations reporting global radiation
 
and/or hours of Funlight data is limited, and there are
 
also few years of record. 
 DEVLOPMENT UCIINCES INC. 
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B) The accuracy of the reported data, even hours of sunlight,
 
is questionable because of instrument calibration and
 
maintenance problems. (Inmost instances no one has checked
 
to see if the readings being reported are accurate).
 

Another limitation isthat almost no measurements have been made on the
 

composition of solar radiation; i.e., what percentage is diffuse and direct.
 

This is an important factor indefining the type of uses and technologies
 

appropriate for particular areas of the country.
 

The iso-intcnsity map for Java (Appendix C)was computed by establish

ing relationships for Jakarta and Bandung between hours of sunlight and 

measured global solar radiation (langleys). The relationship for Jakarta 

was assumed valid for all stations having elevations less than 250 meters 

and the relationship for Bandung was E.ssumed valid for all stations with
 

elevations above 250 meters. Values of total global radiation were calcula

ted for all stations reporting hours of sunlight using the general relation

ships.
 

Thus, the values on the map are calculated using a questionable rela

tionship and should be considered as only a first and gross estimate. Table
 

C-2 inAppendix C contains hours of sunlight data for numerous stations in
 

Indonesia including several in locations other than Java. The stations in
 

Table C-2 were selected by reviewing all existing meteorological records and
 

recording data for all locations with more than 50 percent reported sunshine
 

(see map C-1 for station locations). The months of record with the highest
 

and the lowest number of hours of sunshine are also listed. If the relation

ships between global solar radiation and hours of sunlight described above
 

are valid for areas other than Java, itappears that there are many sites
 

where the solar regime is excellent for use as an energy source. These
 

readings were not converted to langleys because there was not even one of
 

the stations which had global radiation values with which to check the
 

relationship. When comparisons are available, and if the hours of sunlight
 

data are reliable, an excellent first step solar radiation map of all of
 

Indonesia can be constructed.
 

Because humidity, haze, pollution and other atmospheric components will
 

affect the quality of the solar radiation (change direct radiation into
 

diffuse), itis necessary to know the percentage of the radiation reaching the
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surface of the earth in Java which isdirect and the percentage which is
 

diffuse. Very few measurements of this have been made. Data developed at
 

Bandung at the ITB for a few months in 1980 show that as much as 60 percent
 

of the radiation reaching the ground isdiffuse. Diffuse radiation is
 

difficult to concentrate and, thus, concentrating collectors may not be
 

appropriate for all or part of Indonesia.
 

An analysis of the solar radiation map in Appendix C shows that-the
 

average annual solar radiation on Java varies between 340 to 460 langleys
 

per day. Assuming a 100 percent conversion and the lowest average value,
 

itwould be theoretically possible to capture almost 4 kilowatt hours of
 

electricity per square meter of surface area per day. Today's photovoltaic
 

panels convert approximately 8 percent of the incident energy to electricity;
 

using current technology, 0.3 kilowatt hours of electricity per day can be
 

developed per square meter of PV panel surface area. This converts to
 

approximately 3 square meters of panel for each kilowatt hour of electricity.
 

The top end of the average solar radiation range (460 langleys) would
 

deliver approximately 35 percent more electricity per square meter of panel.
 

To convert the sun's energy to heat at 100 percent efficiency itwould
 

be theoretically possible to capture between 13,505 and 18,271 Btus per
 

square meter per day on Java. Since a good conversion efficiency for state

of-the-art thermal hot water collectors is approximately 35 percent, in
 

actuality between 4,726 and 6,395 Btus per square meter per day of heating
 

can be accomplished.
 

All of the solar resource isavailable for recovery and the cost isnot
 

only inthe recovery but also inthe transformation to a useful form. At
 

present, solar radiation isused for agricultural purposes and passive
 

heating. The cost of recovery for the simplest hot water or hot
 

air heaters isless than $10 per million per Btus. For example, ifa simple
 

open hot water heating :ystem with a two-meter square collector can be con

structed and installed for $300 US, itwould have to operate for approximately
 

13 years to meet the $10 per million Btu figure. However, the cost used for
 

this calculation includes both recovery and conversion to a useful form.
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WIND 

The data on wind velocity and direction in Indonesia are very poor.
 

There are long records of wind velocity and direction at numerous stations
 

throughout Indonesia; however, these data are inappropriate for wind energy
 

estimation purposes. The meteorological stations reporting wind data are
 

for the most part at airports and data are taken only at three or four
 

times during the daylight hours. Wind data from airport locations are not
 

useful to describe the wind regimes because airports are normally located
 

where the wind regime is unique (constant winds, no winds, unidirectional,
 

etc.).
 

The other wind data available in Indonesia are high-level, above one
 

mile, wind measurements for use inpredicting long-term weather trends.
 

There isalmost no reliable continuous record of surface winds at any loca

tion inthe country. Wind velocity measurements reported for the central
 

observatory inJakarta (the Office of the Meteorological Institute) are even
 

questionable. The recording annimometer on the roof of one of the buildings
 

is shielded from winds by a nearby (15 meters away) building. Winds from
 
-
almost a 30 vector would be substantially under reported by the annimometer
 

because of the nearby building. Some short-term records are available at
 

ITB and at locations near the coast of Java. BPPT and LAPAN have begun to
 

accurately measure wind at several sites, but there is not enough data to
 

prepare a wind velocity map similar to the solar radiation map. Itis
 

likely that wind resources can be developed, but there is not enough infor

mation to estimate the quantity or quality of surface winds. Average wind
 

data for several locations in Indonesia are presented inAppendix C.
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CHAPTER II
 

CURRENT STATUS OF AND TRENDS IN
 
PRODUCTION AND USE OF SOLAR AND WIND RESOURCES
 

As was pointed out earlier, it isdifficult to separate resource
 

production from transformation. Unlike most other energy resources solar
 

and wind energy development involves a hybrid process which often includes
 

both capture and transformation in one step. A solar collector usually
 

captures the heat energy and transfers it to another fluid which can be
 

used directly (hot water or hot air space heating,for example) or which
 

can be further transformed to do work. Solar and wind energy production and
 

use are often both accomplished at one site. This is because most solar and
 

wind energy uses are small-scale and because, except for large wind or
 

solar thermal (power tower or ocean thermal) central electrification, most
 

technologies are designed to produce energy ina form tailored to a limited
 

number of uses. For the above reasons, production and use will be discussed
 

together. The word "use" will also be generally used to signify both
 

production and use.
 

There are no major uses of solar or wind energy in Indonesia at the
 

present time. One Indonesian manufacturer builds and markets an assembleable
 

solar cooker. This is made from foil covered cardboard and ismore a toy
 

or model than a useful item.
 

Numerous Indonesian universities and institutes are experimenting with
 

solar thermal technologies to produce hot water and refrigeration for small
 

health clinic and household uses. Each of these experimental projects ismore
 

thoroughly described in the summaries of the interviews in Appendix B. These
 

experiments may lead to the development of locally manufactured technologies
 

or they may promote uses of foreign technologies, but the outcome isnot yet
 

known. Several institutes, particularly ITB and Padjadoran University,
 

are experimenting with prototypes for industrial crop drying and wind
 

electrification. Dr. Seno of the Padjadoran University and Dr. Suono of ITB
 

are each working with industries to develop nationally manufactured solar
 

technologies. Inone case, a prototype of a solar assisted crop dryer is
 

being jointly tested and in the other a solar hot water heating system is
 

being developed. Aside from this and di'rect drying of crops in the sun (a
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widespread agricultural practice for the small-scale farmer), the only other
 

use of solar and wind energy isfor water pumping. There are several wind
 

powered water pumps throughout Java, but there seems to be no plans to expand
 

this use at the present time. The wind regime isnot well enough defined to
 

generate much interest inwind powered pumping applications at this time.
 

Also, because some of the earlier attempts to use wind were not successful,
 

there is presently a negative feeling about the potential for wind powered
 

pumping (see Appendix B, page B-l, for more details). Wind powered elec

trification is also being considered, but only two prototype machines have
 

been built and tested. The machines (combinations of Savonlous and Darius
 

rotors) have had problems and are undergoing redesign by LAPAN and ITB. There
 

is not any current direct industrial use of solar thermal technologies and
 

as far as could be determined in this study none is seriously considered
 

at this time.
 

Photovoltaic electrification is being used in several small-scale appli

cations and much testing of various commercial systems is underway. BPPT
 

and LEN have both cooperated in a project to produce PV cells from purchased
 

silicon wafers. There is no short-term hope of producing PV modules
 

locally, but there is a number of experiments with foreign built PV panels
 
f 

at universities and research institutes. 


Insummary, both foreign produced and locally built solar and wind
 

A few tests have
technologies are being tested and studied in Indonesia. 


progressed to the point that industries are beginning to consider manufactur

ing and marketing (solar hot air crop drying and solar hot water heating).
 

At this time, however, there is not any appreciable end use of solar or
 

wind energy other than traditional open air solar drying of grains and
 

other crops.
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CHAPTER III
 

POTENTIAL FUTURE USE
 
OF SOLAR AND WIND ENERGY
 

The potential for the use of solar and wind resources is optimistically
 

touted by numerous Indonesian government agencies and institutes. However,
 

this optimism is based on very little economic or pilot study analysis. 

Market studies and government support or subsidy programs do not for the 

most part exist. Local manufacture or aggressive marketing of foreign 

solar and wind technologies is also lacking. In fact, in the published 

summary from the 1980 Energy Workshop held in Jakarta (reference 10) a 

figure presenting expected supply sources for the electric power sector for
 

Java shows only oil, hydro, geothermal, coal and nuclear sources as contri-


There also seems to be no real expectabuting to supply by the year 2000. 


tion that solar or wind power will be even minor contributors to the electric
 

power sector even outside Java on Sumatra, Sulawesi, Nusa Tenggara, Moluccas
 

Inthese areas water power and coal are projected to supply over
or Irian. 


50 percent of the electricity by the year 2000. Because of the above and
 

the absence of any current uses of these resources, itis difficult to
 

discuss adoption rates or estimate target levels for solar or wind energy use.
 

WIND
 

In the wind area, LAPAN has issued publications and news releases such
 

as the following:
 

"The two major applications of wind energy that show significant
 
Pr6mise are: water pumping and electricity generation. Water
 
pumping is usually performed by utilizing small to medium scale
 
windmills (ranging from 0.1 kw for domestic water supply to 1 kw
 
for irrigation), while for electricity generation, small (under
 
1 kw) to very large (inMW range) wind energy conversion systems
 
are commercially available (on the world market) or under
 
development. Thus, the use of windmills for water pumping inrural
 
areas and the use of wind energy conversion system for electricity
 
generation for remote areas have been given considerable attention
 
indevelopment work on wind energy utilization in Indonesia.
 

"One of the relevant aspects that leads to wider utiliz,%tion of
 
wind energy conversion systems is the price of the produced elec
tricity. There is a tendency that the price of electricity from
 
the wind is gradually decreasing compared to the price of convention
ally produced electricity (from petroleum), although in- l investment
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of wind energy conversion system is relatively higher than con
ventional electricity generating system. Unit price of wind
 
turbine will decrease with its increasing size ifwind turbines
 
are mass produced."*
 

In spite of the optimism, wind electrification will not take hold in
 

Indonesia until a mdeium-scale, cost-effective technology (1-50 kilovatt
 

sizes) is available and/or manufactured in the country. Assuming 300 watts
 

average as a minimum capacity for a rural household, a 50 kilowatt system
 

would only serve a village of 166 households at a maximum. The number of
 

households served would in fact depend on the actual load profile, the wind
 

regime and the amount of storage provided. Ifwind electrification is to be
 

used for commercial or small industrial applications such as 6- or 12-volt
 
battery charging, grain drying, refrigeration, etc., this size range is
 

also appropriate. By 1985, a'preliminary definition of the wind regime in
 

Java and some other parts of Indonesia should be available. The technical
 

barrier of system cost competiveness with other electrification systems has
 

not been overcome anywhere in the world and only in the United States and a
 

few other developed countries is it near. The availability of a cost 
competitive 1-50 kilowatt wind machine should occur in Indonesia between 

1985 and 1990; and, thus, the adoption rate or level of wind use for 
electrification will be small until after 1990. 

Itis interesting to note that in reference 10 the estimated amount of 
electricity generated by oil in1990 on the major Indonesian islands other 
than Java isestimated to be approximately 53 percent or 6525 Gwh per year. 

If the wind regime isas good on these islands as it is thought to be 

and wind were to supply only .01 percent of the annual off-Java demand, this 

would be 0.65 Gwh. Wind electrification must be assumed to provide a 

substitute for expensive installed capacity. A windmill cannot completely 

replace existing or future generating capacity, it can only be relied upon 

to produce electricity when there iswind. Because of this, a 50 kw windmill 

will supply less than the theoretically possible 438,000 kwh (50 x 365 x 24) 

of electricity per year. Data cited below for Indonesia a,sume between 750 

and 3,700 kwh of electricity per year per installed kw of wind electrification
 

* Reference 16, page 6. 
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capacity. Using thli factor, a 50-kw windmill would generate between
 

37,500 and 185,000 kwh of electricity per year. To produce 0.65 Gwh,
 

you would need between 17,333 and 3,514 50-kw machines. From this exercise
 

it is evident that for wind electrification to contribute to any extent to
 

the electricity supply sector in the off-Java islands, the machines must 

be substantially larger than 50 kw. Much larger and possibly more appropriate
 

machines are being tested in the United States now. MOD-l and MOD-2 have
 

between 2 and 2.5 MW capacity. These machines are expected to produce
 

between 3 and 9 Gwh/year at an average wind speed of approximately 8 m/sec
 

(refereice 20). Commercial availability depends on these tests and other 

factors, but isnot to be expected before 1990. Thus, for wind electrifica

tion to contribute to any extent to the supply of electricity in Indonesia, 

large machines much larger than 50 kw must be available. For this reason no 

appreciable contribution to the electricity sector is expected by 2000. 

There are no believable or reliable cost estimates for the large wind

mills; however, $45,000 on site in Indonesia is a reasonable estimate of the
 

price for a 50-kw machine (reference 20). The cost per kilowatt hour,
 

assuming 10 years life and $1,500 per year O&M for a $45,000 windmill (amor

tized over 10 years at 12 percent), is approximately $0.08 per kilowatt hour.
 

This compares favorably with today's cost for small decentralized diesels.
 

Table III-1 presents a summary of electric power costs from various sources.
 

Based on the above analysis, wind power will be reasonable inareas where
 

the wind velocity averages 8 m/sec and power is presently supplied by small
 

decentralized diesel. Itwill be better to initially install windmills to
 

substitute for existing expensive-to-operate deisel capacity since wind power
 

may not be as reliable as diesel in that itwill supply power only when there
 

iswind. Ifwind is to be the only source of electricity, expensive
 

batteries must be provided to supply power during non-wind times. If this
 

is not possible, there will be periods of little or no power.
 

Using global wind energy maps and the few credible wind energy data
 

published by Indonesian agencies (see Appendix D), a series of application
 

rate estimates has been made. Calculations using these data show that annual
 

wind energy values ranging from 750 kilowatt hours per kilowatt of generating
 

capacity to 3,700 kilowatt hours per kilowatt of generating capacity. These
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Table III-1
 

ELECTRIC POWER COST ESTIMATES
 
(1980 Costs, Except as Noted, Delivered to Major Consumers)
 

Fuel/Generator Type 


Small Decentralized Diesel 
(1980) 
2000) (a) 


Large Coal-Fired Central
 
Station 


Large Imported Oil Fired
 
Central Station 
1980) 

2000) 


Single Sinali Nuclear Unit 


50 kw Windmill(b) 


Capital
 
Cost 1980 
$/kw 


800 
800 


1000 


800 

800 


2200 


goo 


Fuel Co3t Power Cost 
C/kwh t/kwh
 

10.9 13.2 
13.5 15.8
 

2.7 	 5.2
 

5.5 	 7.6
 
8.0 	 

1.0 7.4
 

1.35(c) 8.5
 

(a) Crudt, oil prices taken as $70/bbl in 2000. 

(b) Calculations made using existing windmill prices.
 

(c) O&M 	costs -- fuel is free.
 

Source: 	 World Bank, "Energy inthe Developing Countries," 1980; and
 
E/DI estimates. 
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calculations assume 25 miles per hour or 11.2 meters per second velocities,
 

speeds which are very high and found only on coastal or elevated locations.
 

However, the estimates of the number of kilowatt hours produced are very
 

low, ranging from 0.09 to 0.42 percent of theoretical.
 

Inlocations where this type of wind regime is found, electrification
 

to tie into the grid or as a stand-alone system ispossible. As was
 

mentioned above, these systems should be available by 1990. However, it
 

is not anticipated that a large amount of electricity will be supplied by
 

these systems. Ifone MOD-1 type windmill were installed and operating
 

in Indonesia by 1990, approximately 3.7 Gwh oF electricity could be expected
 

each year. This would supply only 0.03 percent of the total off-Java islands
 

electricity demand in 1990. Furthermore, since most of the islands do not
 

have a central grid the machine would likely be too big for any such appli

cation. Ifbuilt on Java in 1990, one of these machines would supply only
 

approximately 0.01 percent of the total demand. These machines could not
 

replace installed capacity, but could serve to generate electricity when
 

there was wind and during these times they could substitute for expensive
 

generating capacity.
 

The use of wind to produce mechanical power has a large number of 

possible applications, especially off Java. In the islands where small-scale 

agriculture isbeing emphasized, diesel fuel supply isdifficult and averao.2 

wind velocities are at least 3.5 m/s, wind pumping should be considered. 

This type of application can affect a large number of people, but in terms 

of the overall amount of pumping carried on its impact by the year 2000 will 

be small. The use of wind power for pumping will be minimal until an 

Indonesian wind pumping system is available. It is expected that this will
 

not happen until 1990. By the year 2000 a large number of wind pumping
 

installations should be in place on the islands.
 

SOLAR
 

The potential for the use-of solar in Indonesia is large. The areas
 

of early adoption will be single hot water systems for individual homes and
 

other small uses, institutional solar hot water heating (hotels, military, 
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public housing projects, etc.), industrial hot water heating (beverages
 

and food preparation), agricultural uses such as crop drying, and stand

alone electrification with photovoltaics.
 

A small solar open hot water heating system built in 7ndonesia has been
 

developed and demonstrated, and as soon as these systems are commercially
 

available (probably 1983) there should be an excellent market for these.
 

It isexpected that the initial purchase will be by individuals who would
 

otherwise buy imported electric hot water heating systems (references 14
 

and 18). In1976 there were approximately 9,000 imported electric hot water
 

heaters sold in Indonesia at an average cost of $400 US for a 50-liter
 

capacity system. If the growth of the market for hot wat.r heating
 

increases as it has in the past, a total of approximately 10,000 new units
 

will be required each year. Ifa locally constructed system could sell
 

for $500 US, the size of the potential annulal market Irom only this use
 

would be $5 million US. If only 20 percent of this demand were supplied by
 

solar units, the annual solar market would be $1million US. If the solar market
 

glrows by 10 percent per year and the total market each year increases by
 

10,000 units, the figures in Table 111-2 wt,'ld result. By 4he year 2000,
 

Table 111-2
 
POSSIBLE MARKET FOR INDIVIDUAL HOME
 

SOLAR HOT WATER HEATING SYSTEMS
 

Total Percent 
Units in Solar Units Which 

Year Place in Place is Solar 

1985 100,000 10,000 10% 
1986 110,000 11,000 10% 
1990 150,000 16,1n5 10.7% 
1995 155,000 25,937 16.7% 
2000 160,000 41,772 26% 

approximately 40 percent of the annual installations would be solar. The
 

figures inTable 111-2 are very conservative and probably represent the minimum
 

to be expected. Larger solar hot water heating installations for commercial
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and industrial establishments are also likely. The installation of these will
 

likely start in the late 1980s with imported systems, and in the 1990s
 

Indonesian systems should be available.
 

A large potential market for more sophisticated solar hot water heatind
 

is hotels. In Indonesia in '978, according to data in reference 21, there
 

were 57,160 rooms and 3,120 hotels. Java accounts for approximately 55 percent
 

of both of these. There are numerous reliable commercially available systems
 

for solar hot water heating which can be imported and installed. Presently,
 

there are no installations in Indonesia; however, because of the size of
 

the market and the nearness of Indonesia to a major supplier, Japan, there
 

will soon be some systems installed. Once this market is opened, other
 

institutions such as hospitals, the military, etc., and certain industries
 

will also be targets for solar hot water heating. Because the economics of
 

institutional solar hot water heating are very much determined by the system 

design and cost, it is not possible to estimate specific market penetration 

rates or savings. However, by the year 2000 a target of 10 percent of the 

hot water to hotels to be provided by solar is not unreasonable. In terms 

of reducing overall electricity or diesel use in Indonesia, this substitution
 

will be extremely small and inconsequential. Even 100 percent replacement
 

(which is not possible) would not make a noticeable impact on oil use in
 

Indonesia. The impact of this type of sbustitution will be twofold; savings
 

to the owner of the hotel or institution and development of a market for a
 

nationally manufactured system. There are no data on which to make an
 

estimate of possible solar use in industry. However, based on data from
 

other countries the beverage and food processing industries are ideal
 

candidates for early introduction of solar heat.
 

Insolar crop drying the earliest a unit isexpected to be available
 

is 1984-1985. There were no statistics available on the amount of diesel
 

used to dry crops; however, it isknown that a large amount of oil-fired
 

drying is taking place. Crops now being dryed in large amounts include
 

cocoa, coffee, tea, corn, rice and some other grains. There isinterest in
 

fruits, vegetables and fisi, drying also. The solar powered dryers now
 

being developed have a solar assisted drying capacity with back-up diesel
 

burners and a small amount of electricity to power a blower.
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Data on cocoa in reference 21 indicate that in1978 there were almost
 

200,000 hectares of land in Indonesia under cultivation for cocoa. Most of
 

this is on 50 large estates; in 1977, 70 percent of the acreage under cultiva

tion for cocoa was on large estates. Interms of yield, 85 percent of the
 

1977 production of cocoa came from these estates. Thus, the market for
 

solar assisted cocoa drying iswell-defined and, though limited to less than
 

100 large installations, each application could be very large. The markets
 

for solar assisted drying for other crops are cimilar, a relatively few large
 

applications. There are variations indrying requirements for each crop and
 

example, humidity control is very important in rice drying while itis not
 

so critical for cocoa. Because of thi,, a standard modularized design for
 

all crops is unlikely. It is more rrobable that a system with different
 

components for different applications will be required.
 

There are other solar systems which should also be considered as
 

possibly important to Indonesia's energy future. Concentrating solar thermal
 

(power tower) and ocean thermal (OTEC) are both under consideration as major
 

sources of electricity for the grid or for individual industrial or agricul

tural applications. Ifworld testing and development continue at their
 

present rate and are successful, these two should be available by the late
 

1990s. At the present concentrating solar thermal isquestionable because
 

of the possibly high percentage of diffuse radiation found in the few
 

m-asurements which have been taken in Indonesia. If this ischaracteristic,
 

large-scale application of concentrating solar thermal for electrification
 

will not be feasible. Very little performance or cost information is
 

available for OTEC, but the minimum thermal gradient necessary to consider
 

applying this is found in the waters off Indonesia (370F difference between
 

surface and 1000 meters below the surface). Thus, this may be a solar
 

technology of the future for Indonesia, but we will be able to say very
 

little about the potential until the 1990s.
 
Photovoltaics are the third area of possible major solar involvement.
 

At present, research is underway into assembly and partial manufacture of PV
 

modules. It is likely that no meaningful in-country manufacture will take
 

place until:
 

s 	Simplified and less expensive manufacturing techniques are
 
developed in the United States, Germany or Japan, and
 
adopted by Indonesian industry.
 

* An existing manufacturer decides to locate a facility in
 
Indonesia. OKVELOPMENT SCIENCES INC.
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Ifthe first path is taken, manufacture will not occur until the 1990s. It
 

Ispossible that the second path could occur a little earlier. The use of
 

PV in Indonesia will be limited to specialized systems such as corrosion
 

control, communications, remote sensing, military uses, and small amounts of
 

power for isolated areas (stand-alone power systems). The total impact on
 

energy use will be small until either of the two in-country manufacturing
 

steps is accomplished or prices of internationally manufactured PV drops
 

significantly. The 1990s will be a growth period for photovoltaics and
 

many specialized uses are possible. When they become economically compe

titive with other alternatives, which is projected as happening some time
 

inthe 1990s and at least by the year 2000, as much as one-tenth of one
 

percent of the electricity demand off Java could be supplied by photovol

taics. This 0.1 percent would be inareas off Java where decentralized
 

diesel power is now located. One-tenth of one percent of the electricity
 

demand would be approximately 300 Gwh in 2000. Using current efficiencies
 

and an average solar radiation intensity of Indonesia (see rationale in
 

Chapter III), approximately 0.3 kwh per day per square meter of panel is
 

possible. This is 110 kwh per year per square meter of PV panel. To
 

produce 3000 Gwh you would need 2.7 million square meters of PV panels. It
 

islikely that some improvement in capture efficiency will also be experienced
 

inPV before 1990 so this estimate is likely high. This power source, like
 

wind electrification, duplicates installed capacity; itmust serve either as
 

a substitute for expensive installed capacity in a central grid or provide
 

electricity to users who can deal with the possible variations in supply
 

consistent with solar sources. As can be seen from the above assumption-laden
 

PV use calculation, even one-tenth of one percent of the electricity demand
 

for a part of Indonesia (the off-Java islands) will be difficult, if not
 

impossible, to supply with PV by the year 2000.
 

SUMMARY
 

Insummary, there is a very large number of applications where wind and
 

solar resources and technologies can provide economically competitive alterna

tives to oil. However, incombination these applications will not diminish
 

total oil use by even one percent before the year 2000. The largest impact
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on oil use by 2000 can come inwind electrification; however, this is dependent
 

on finding locations close to the grid which have excellent wind regimes and
 

to a lesser extent on the development of a windmill manufacturing capability
 

in Indonesia.
 

In terms of solar applications institutional, industrial and agricul

tural heating and hot water uses are large in terms of numbers, but not in 

terms of oil use. However, by 2000 up to 50 percent of institutional and 

industrial hot water use could be provided by solar technologies. Solar 

crop drying isalso an area where solar assisted heating can be important. 

The introduction of PV into Indonesia isdependent on reductions in
 

cost and this isnot under the control of Indonesian institutions. Ifcosts
 

are reduced to the levels predicted by US DOE ($0.50 per peak watt by 1990),
 

PV could have a large impact on electricity delivery by 2000. This impact,
 

however, isnot expected to make the total solar electrification capability
 

near one-tenth of the total electricity supply.
 

Possibly the regional area where solar and wind can have the most impact
 

ison the off-Java islands. Tnese islands will have rapidly expanding
 

electricity demand, and the existing solar and wind data (though sketchy)
 

seem to indicate that the islands are good locations for the technologies.
 

Thus, ifplanners concentrate on these islands and other conditions
 

mentioned earlier are met, solar and wind applications can have a substantial
 

impact on these islands.
 

Figures lll-1 and 111-2 present a time-phased summary of predictions 

for solar and wind systems use in Indonesia. The iterm included in the 

figures represent conservative estimates of possibilities for the application 

of various systems and indicate the major barriers which must be overcome 

before solar and wind resources can begin to serve as energy sources in the 

Indonesian economy. The estimates developed in this chapter and summarized 

inthe two figures should be considered as targets rather than predictions. 

If the government supports and encourages the use of solar and wind resources 

and technologies and if technology costs are lowered, it is very possible to 

achieve these use levels by the times indicated. However, without strong 

encouragement by the government the predicted levels will not be met. The 

government must lead in the use of solar and wind if it expects any significant 

substitution; and if the minimum steps and actions recommended in this report are 

not taken,it is almost certain that the predictions will turn out to be
DKVELOPMENT SCIENCES INC. 
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Figure II-1 

A PROFILE OF WIND POWER DEVELOPM4ENT POTENTIAL FOR INDONESIA
 
EMPHASIZING PREDICTIONS OF TIMING FOR IMPORTANT EVENTS
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Figure 111-2
 

A PROFILE OF SOLAR POWER DEVELOPMENT POTENTIAL FOR INDONESIA
 
EMPHASIZING PREDICTIONS OF TIMING FOR IMPORTANT EVENTS
 

Target of 0.01% of Off-Java Electricity Supplied by Stand-alone PV-powered Syst 
Hot Water & 10% of Hotel Use by Solar TechnologieUp to 50% of Industrial & Commercial 

Over 40,000 Indonesian Built Domestic Hot Water Heating Systems in Ust
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CHAPTER IV
 

BARRIERS TO FUTURE DEVELOPMENT AND USE
 

The barriers which can affect the employment of solar and wind power
 

to the levels assumed in the previous chapter are for the most part under
 

the control of Indonesian institutions. Most of these barriers are not
 

unique to Indonesia, but exist everywhere in the world. The following
 

list presents the barriers in general order of importance which will affect
 

solar and wind resource development and use in Indonesia. These barriers
 

apply equally to solar and wind, and thus wind and solar are discussed
 

tcqether.
 

The first set of barriers is thosewhich Indonesian policy and actions 

can appreciably affect and the second set is those which are controlled
 

by forces outside of Inionesia.
 

Indonesian-Specific Barriers
 

1. Lack of knowledge of opportunities and markets.
 

2. Little support or encouragement for applications.
 

3. Examples of technologies and uses are not widespread in
 
Indonesia.
 

4. Infrastructure not in place to support applications.
 

a. local manufacturing 
b. local suppliers or manufacturers representatives
 
c. installation, operation and maintenance skills
 

not available
 

Worldwide Barriers
 

1. Technologies not cost competitive with alternatives.
 

2. Systems not available which are tailored to developing country
 
social, cultural and climatic situations.
 

Until more reliable information isavailable about solar radiation and
 

wind velocity, es.)ecially in the off-Java islands, the use of these resources
 

will be retarded. This is the most important barrier and the one which must
 

be erased before there is any large amount of development or use of solar
 

and wind. Once this part is accomplished, the using public must be educated
 

to the existence of these resources and technologies.
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The second iost important barrier to future development is the lack
 

of commitment to application of solar and wind technologies. The government
 

is spending small amounts of money to collect data, study technologies and
 

ingeneral conduct research. However, there is no serious commitment
 

to apply solar and wind even though the technology isavailable. At present,
 

this hesitancy to finance or subsidize applications may seem realistic, but
 

until there is a subsidy and some direct applications there will be little
 

use of solar and wind. There are many opportunities to introduce
 

solar hot water heating into the health sector, military inV'"lations,
 

government buildings, university settings, etc.; however, these are not
 

being done.
 

The third barrier is in part a duplication of the second and in part
 

it is different. Until people see the technologies and know that they are
 

available and can perform as well as fossil fuel powered alternatives, there
 

will be an artificial limit on the use of solar and wind. The important
 

part of this barrier which is not treated above is that there must be
 

examples of uses inorder to stimulate people to think about how solar and
 

wind could be useful to them.
 

The final barrier inthis list treats infrastructure and the private
 

sector. There will be a limited market until there is a real supply of
 

technologies and systems to install and maintain them. This usually follows
 

a demand or is built up as a demand is being met. Whatever the catalyst or
 

process of creation, an infrastructure or even the beginnings of one does
 

not exist in Indonesia.
 

The list of barriers discussed above is both in order of importance
 

and in order of how they must be addressed. Attention must be paid to
 

barrier one, opportunities and markets, before applications of these are
 

encouraged. Examples of technology application will grow out of emphasis on
 

eliminating the first two barriers and only a limited amount of effort
 

should be applied in anticipation of this happening by itself. The same is
 

true of the fourth barrier.
 

Of the two barriers mostly outside the control of Indonesia, the first
 

is being addressed by many interests. Private industry and developed country
 

DEVELOPMENT SCIENCES INC. 

I' 



-19

governments are trying to lower costs for solar and wind technologies.
 

With some of the technologies, specifically photovoltaics and concentrat

ing solar thermal, a technology breakthrough is necessary. With others,
 

such as wind electrification, economic competitiveness ismore tied to mass
 

production and an increase in demand. Overcoming this barrier will
 

greatly enhance the opportunity for applications in Indonesia. The second
 

barrier isnot being addressed to any large extent by either the private
 

sector or by the governments of developed countries. When economically
 

competitive systems tailored to developing country needs are available,
 

there will be a large market in Indonesia. However, this barrier may only
 

be overcome at the time the first four Indonesian-specific barriers are
 

eliminated.
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CHAPTER V
 

CURRENT POLICIES AND PROJECTS
 

The current policies in Indonesia towards the use of solar and wind are
 

principally focused on research and development. Furthermore, the Indonesian
 

government is relying on and isactively encouraging the foreign financing
 

of solar and wind R&D demonstrations. The United States, Austrailians, and
 
Germans each have solar and wind activities with the Indonesian government.
 
There isvery little encouragement through other mechanisms. There are no
 

incentives such as tax writeoffs, inexpensive loans, etc. to encourage use
 
of solar and wind. Furthermore, the government does not have any program to
 

stimulate the industry by direct purchase for governmental use.
 
There isa significant amount of R&D activity at universities, institutes
 

and in the government. These projects are described inAppendix B in the
 
interviews. The following list summarizes the major ongoing activities by
 

resource:
 

WIND
 

* 	 LAPAN data collection and development of a wind map for Java 

I 	LAPAN and ITB joint research and development project to build and
 
test a small wind electrification system
 

• 	Numerous windmill testing projects involving government agencies,
 
universities and local entities
 

SOLAR
 

e 	BPPT's solar village project at Picon
 

I 	The BPPT and LEN project to produce PV modules
 
e 	The Puspiptek solar center development project with BPPT and LAPAN
 
e 	ITB research on solar thermal and PV and their solar measurement
 

program
 

* PV testing by ITB and LMK
 

e Solar crop drying research at the University of Padjoran
 

* 	 Numerous solar research projects at institutes, universities and
 
government agencies
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CHAPTER VI
 

RECOMMENDATIONS
 

Solar and wind resources in Indonesia have been determined to be
 

possible energy sources for Indonesia. The ongoing R&n in solar and wind
 

in Indonesia isas advanced as any developing country ia the world. The
 

knowledge of technologies and systems, especially insolar, is quite exten

sive. There isalso a good start intraining technical personnel in solar
 

and wind subjects at universities and institutes. The foundation for a
 

major program in solar and wind exists in Indonesia, however, there are
 

several additional components which need to be added ifsolar and wind
 

resources are to contribute to Indonesias' energy future. The following
 

paragraphs identify the components of an overall program which must be
 

instituted ifsolar and wind resources are to be developed to their maximum
 

level. These recommendations are presented inthree sections: The first
 

section covers activities which must be initiated or completed before any
 

significant development cant take place; the second section co'ers those
 

activities which should be considered following initiation or completion of
 

the first group; and the third section covers actions which can have a
 

positive impact on solar and wind resource use, but which should be considered
 

only ifcost of technologies are lowered to the point where solar and wind
 

are competitive with other energy resources.
 

The first category of actions includes the development of an overall
 

plan for solar and wind use emphasizing regions of the country and sectors
 

of the economy, the completion of solar and wind resource definition, and d
 

program to inform people where and how solar and wind can be useful sources
 

of eneigy.
 

It is evident that solar and wind resources can supply a significant 

amount of energy in Indonesia. However, costs and the existing state of 

technology development indicate that this will not happen by the yeal' 2000. 

Since the potential, especially for solar, is so great, it is important that 

a well thought out pian for developing and implementing solar and wind 

resources is prepared. Thus, the most important recommendation of this report 

is that DJK follow up this report with the following steps: 

DEVELOPMENT SCIKNCES INC. 



-22

9 An overall solar and wind development plan should be 
prepared. Presently, numerous agencies and entities
 
are involved in the field and it is evident that often
 
their activities are not coordinated or well publicized.
DJK should work with the major entities; LAPAN, BPPT, 
LEN, universities, The Meteorological and Geophysical

Institute, etc. to formulate a National Solar and Wind
 
Energy Development Plan. This effort should focus on
 
resource characterization, publicity and public infor
mation and application stimulation. The plan should
 
also be prepared considering where other renewable
 
resources including geothermal, microhydro and biomass
 
can contribute. Solar and wind development should be
 
targeted in those geographic and ec:onomic se.tors where
 
it is more appropriate than other renewables.
 

e As soon as a plan is-prepared, the initial planning
 
process should take no more than six months, a public
 
and professional meeting should be held to introduce
 
the plan and announce the state of solar and wind develop
ment in Indonesia. This meeting could be held inconjunc
tion with an equipment and technology show. Manufacturers
 
of solar and wind equipment could be invited to display
 
their products. As an incentive, the government could
 
encoura!le agency procurement agents and program managers 
to atteld and consider the use of these systems to solve
 
their problems. This may sound as though it is an 
unnecessary step, however, as was mentioned inthe chapter 
on barriers, one of the most important impediments to use 
of solar and wind resources isthe lack of examples of 
technologies. Th;s nreeting and equipment show could go a 
long way to overcome this barrier. 

In this planning process, special emphasis should be placed on providing
 

services and energy to the non-Java Islonds. It isalready evident that both
 
wind and solar technologies can improve productivity and the quality of life
 

in non-urban areas and are especially appropriate in isolated areas. P3cause
 

of this, the special and early emphasis on the other islands in Indonesia can
 
lead to the largest benefit to the nation.
 

The second most important recommendation in this category is that 20
 
small meteorological stations be purchased and located invarious places in
 

Indonesia. At least 12 should be located outside Java. The stations should
 

measure and continuously record at least total global solar radiation, temper
ature and wind velocity. The stations should be operated and maintained by
 
the Meteorology and Geophysical Institute with assistance from DJK and LAPAN.
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Additionally, at laast 8 locations should include measurement and recording
 

of diffuse solar radiation. In addition to the stations, a thorough
 

training coul-se in :olar and wind measurement, instrument operations and
 

care, data analysis, and wind and solar energy data use should be developed
 

and given to selected perscrel in the Meteorology and Geophysical Institute,
 

DK,BPPT, LAPAN and universities. The last part of this recommendation is
 

the purchase of 5 sets of Epply pyranometers and 5 annamometers to be used 

by universities in supporting their solar and wind research and studies 

prc.grams. One pyranometer of each set should be equipped to measilre total 

radiation and the other to measure diffuse radiation. It is important that 

this program be coordinated with several other ongoing solar and wind measure

ient projects and that the Meteorology and Geophysical Institute be a princi

pal partner of DJK in this activity. The output of this several year 

resource characterization will be surface solar and wind velocity maps for 

Indonesia. At least two years of data wili be necessary to complete initial 

maps, however, fol'iow!ng collection of one years data, comparisons with 

existing data can be made. This comparison can identify what part of the 

old data is acurate. Theoretical calculations can also be performed to 

convert existing secondary data to statistics on solar and wind resource 

quantity and quality. The existance of comprehensive and accurate solar and 

wind profiles of the country isan absolute necessity ifwise resource develop

ment and use decisions are to be made. 

The third recommendation in this category isthat DJK establish a solar
 

and wind research, study, demonstration and application information system.
 

There are many people and institutions involved insolar and wind research,
 

and one agency should monitor and collect information on all activities. DJK,
 

as a planning agency, can serve as a central information center and can
 

disseminate this information to others to assure that those people needing
 

information can have the most current and complete solar and wind information
 

from one source. This will also be very helpful to DJK inthe planning and
 

coordination role that ithas adopted. The development of this system will
 

at first involve one perso:a and files. However, this should rapidly expand
 

to include computer storage and printout of information. An initial invest

ment of one person full time and one part-time secretary, plus funding for
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the design study for the information system should be sufficient for the first
 

year. During the second year, computer programming, storage and data entry
 

will be required. An annual summary report should also be prepared; however,
 

this report will only be useful if it is published in a timely marner of
 

quarterly installments and assembled into one volume at the end of each
 

year., This report should contain radiation and wind velocity maps; summaries
 

of projects and studies; data on technology cost, performance, suppliers and
 

maintenance; information from other countries; and other useful information
 

on solar and wind. It is important to include data from all sources including
 

universities and institutes, however, accuracy should be assured. For this
 

reason, the person in charge of this iictivity should be very familiar with
 

the solar and wind field. This effort: should focus on keeping up to date on
 

solar and wind developments and should form one component of a government
 

backed information and publicity program.
 

The second ca'agory of recommendations includes those activities which
 

are known ingeneral to be necessary and desirable to advance the use of
 

solar and wind, but which at the present time lack specific targets. As a
 

result of the activities in the first category, targets will be identified
 

and these second category actions can be implemented. This is particularly
 

true if a solar and wind development plan is completed and when solar and
 

wind resource maps ara prepared.
 

The first major recommendation of the second category is that DJK
 

concentrate on encouraging solar and wind research and technology demonstra

tions pertinent to commercial, industrial and institutional use. This activity
 

should emphasize government use of technologies such as solar hot water
 

heating. The military and ministry offices, schools, and health centers
 

(without electricity) should be the first places to use solar and wind
 

technologies. This program should also emphasize and support demonstrations
 

of solar crop drying and cooling or refrigeration of vegetables. In this
 

area, commercial size dryers and coolers should be constructed and demonstrated.
 

Funds for testing of solar technologies useful in heating hot water for food
 

processing and beverage production should also be included. This program
 

should not replace the current government program emphasizing renewable
 

energy applications inrural areas, it should be a companion effort. If
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possible, the government should encourage industry to participate and share
 

some of the csts in this effort. If government provides some incentives
 

and shares some of the early costs with industry, commercial and industrial
 

uses of solar and wind can be accelerated and substantial energy savings are
 

possible through widespread use of existing technologies. The specific
 

targets for this program will be identified in the development plan and as a 

result of the completion of resource maps. 

The second major recommendation of this category is a subsidy or incen

tive program for the encouragement of renewable resource use. Solar, wind,
 

microhydro, biomass, etc. should be considered and specific incentives and
 

subsidy programs should be developed to encourage the introduction and use of
 

these technologies. The programs developed under this activity should be
 

long-term and directed at creating a healthy Indonesian renewable resource
 

industry. Installation, maintenance, assembly and manufacturing of tech

nologies should be emphasized. Government programs to assure that the
 

potential of solar and wind use in Indonesia is recognized should be created.
 

DJK should be responsible for proposing the programs, monitoring their
 

impact and recommending changes and improvements.
 

The third .category of activities will include government efforts to
 

accelerate the development and impact of specific solar and wind technologies
 

or applications. When targets and costs for each technology are known and as
 

the solar and wind alternatives become cost competitive, the government will
 

want to consider accelerating the use of these. This will be especially true
 

ifthe social and environmental benefits of these technologies match govern

ment priorities. Resettlement, migration, rural development, and environmental
 

protection programs often can be enhanced by including renewable resource
 

development activities. The government will also want to consider the utility
 

of actively participating in the development qnd possibly ownership of
 

national industries such as PV and wind electric manufacturing. This is not
 

a recommendation to participate through ownership, but a suggestion to consider
 

the implications of such a role.
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The government, through DJK, must immediately take a position of leader

ship insolar and wind resource development and use or progress will be very
 

slow. This study has shown that solar and wind can contribute to the
 

national energy future, but only in regionally and economic sector specific
 

areas. The overall impact on energy supply will be small by 2000, even if the
 

government does take the steps recommended here. However, because of the
 

magnitude of the solar resource and its potential for use beyond the year
 

2000, the government must begin now to lead the economy. Much of what must
 

be done isminimal in terms of cost and personnel application, however, the
 

return on this investment can be substantial. A plan and a public and
 

professional education program will begin this activity and should begin to
 

create the interest and initiative necessary to reach the potential of solar
 

and wind in Indonesia.
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FREQUENTLY USED ABBREVIATIONS
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ITB Bandung Institute of Technology 

DJK Directorate General of Power 

BPPT Agbncy for Development & Application of 
Technology (Ministry of Research & Technology) 

M/S = Meters/Second 

KM/hr - Kilometers/Hour 

Langley - 1 calorie/cm2/day 

GWH - 1,000,000,000 watt hours 

MWH - 1,000,000 watt hours 
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J. D. WESTFIELD DAILY SCHEDULE
 
ENERGY PLANNING FOR DEVELOPMENT PROJECT
 

12 September 1980
 
Left home at 5 p.m. and traveled to Hyannis for flight to New York via
 
Boston. Flight to Jakarta from Kennedy left too early Saturday morning
 
to allow Saturday morning departure from home or Boston. I therefore
 
stayed one night in New York.
 

13 September 1980
 
Left Kennedy for Singapor and Jakarta. Stopped at San Francisco. Flew
 
all day and all night.
 

September 1980
 
lew to Hong Kong and stopped overnight inSingapor. I took a noon flight
 

to Jakarta.
 

15 September 1980
 
Arived in Jakarta at noon. I met with Bill Schaffer and Romir
 
Chattergy in the afternoon.
 

16 September 1980
 
I visited the project office in the morning and met with my counterpart
 
Mr. SuwardJaka and Mr. Darianto. In the afternoon we
 
visited the Electrical Power Research Institute (LMK). We spoke to Mr.
 
Hentiono Hendardjl and the director of the Institute. We viewed their
 
photovoltaic and wind electric power testing facilities. Following this
 
we visited the University of Indonesia and Dr. Parangtopo of the Physics
 
Department. Dr. Parangtopo discussed his solar data collection and analysis
 
research. Other staff members and students participated in the discussion.
 

17 September 1980
 
Visited the Jakarta headquarters of the Meterological and Geophysical
 
Institude, the Research Division. We spoke with Dr. Moersidi about
 
meterological data and with Mr. RodJali head of the Instrument Section.
 
We also visited the meterological station on the roof of the observatory
 
building. Following this we visited the Institute of Aeronautics and
 
space (LAPAN) Mr. Darwit Sebayang to discuss wind research. Dr.
 
HariJono Djojodihardjo was not there so little information was gained.
 

18 September 1980
 
Worked Inte pi-ject office inthe morning and took the train to
 
Bandung in the afternoon. I traveled with Mr. Schaffer and Mr. Endro Utomo.
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ptember 1980
 
the morning with Dr. Suoujono of the Mechanical Engineering
 

Department of the Institute of Technology at Bandung (ITB). I also met
 
with Dr. Sugiarmadji, Laboratory Director of the Aerodynamics and
 
Hydrodynamics Laboratory. Inthe afternoon we traveled to Lembung to view
 
a meterological station.
 

20 September 1980
 
We visited the Bandung Foundation for Research (LAPI) and Dr. Iskedar
 
the Director inthe morning. Following this we went to the ITB
 
Engineering Physics Department and spoke with Dr. Prouptowipopo,
 
Department Head and several staff. Later in the day we visited Dr.
 
Nilyardi Kaher Assistant Director of the National Institute of Physics
 
(LFN).
 

21 September 1980
 
We rented a car for the trip back to Jakarta.
 

22 September 1980
 
Worked Inthe office in the morning and met for several hours with
 
Personnel from the Ministry of Research and Technology - The Agency
 
for Development and Application of Technology (BPPT). Dr. Lolo
 
Panggabean is in charge of most of the wind and solar projects.
 

23 September 1980
 
Met with Mr. Suadi of DJK in the morning and inthe afternoon I re
turned to BPPT to discuss their Solar Village project. I met with
 
Dr. Panggabean and other staff. I also spoke with Mr. Iman Sudanwo
 
and S. H. Nasutton who are involved with the project.
 

24 September 1980
 
ored in the project office inthe morning with the staff and in the
 

afternoon I met with Mr. Littlewood of USAID, Science, Technology and
 
Energy Department Head.
 

25 September 1980
 
worked inthe office on data analysis and meeting descriptions. In the
 
afternoon worked on schedule for remainder of visit.
 

26 September 1980
 
Visited the Meterology and Geophysical Institute in an attempt to collect
 
additional wind and solar data.
 

27 September 1980
 
Visited Mr. Susardjo in the library and Mr. Sutomo in the instrument section
 
of Meterology and Geophysical Institute. I worked on data and translation
 
of articles and reports in the afternoon.
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J. D. WESTFIELD DAILY SCHEDULE
 

29 September 1980
 
Visited the BPPT Solar Village in Picon all day. I was accompanied by
 
Mr. Schaffer and Mr. Littlewood of AID. Spoke to the BPPT Project Manager
 
Mr. Chayun Budiono. Inthe afternoon met with Mr. Pratt and D . Calder
 
of AID Public Health Division.
 

30 September 1980
 
Flew to Yogyakarta in the morning. Inthe morning we visited the Physics
 
and Mechanical Engineering Departments of Padjadoran University. Met with
 
Mr. Huryanto and Mr. Sukrisno. Also the assistant of Dr. Seno in
 
Mechanical Engineering.
 

1 October 1980
 
Rented a car to travel to Semarang to meet with personnel from the
 
Research and Development Center of the University of Diponegoro. I met
 
with Dr. Soehardi, Director of the Center, and several staff members.
 
We returned to Yogyakarta by car in the evening.
 

2 October 1980
 
Revisited the University of Padjoran to view solar and wind research
 
projects. Spoke with Dr. Seno Sastroamidjojo's assistant. Returned to
 
Jakarta by airplane inthe evening.
 

3 October 1980
 
Rented a car early inthe morning to travel to Bandung. Met at 10 a.m.
 
with research personnel at ITB workirg on solar measurement. In the
 
afternoon I met with personnel from Lembaga Elektrotekmica Nasional (LEN)
 
the National Electronics Institute. We discussed their Photovoltaic
 
Manufacturing Program with Ms. Ika Ismet.
 

4 October 1980
 
Inthe morning I spoke again to Dr. Suowono of ITB and also with the
 
engineering students. Inthe afternoon took the train back to Jakarta.
 

5 October 1980
 
Inthe morning I met with Dr. Arismunindar of DJK and summarized findings
 
to that time. Following made a similar presentation to Mr. Suryad. In
 
the afternoon I met with Mr. Littlewood of AID. At this meeting a
 
summary of findings and a discussion of other activities was to be
 
accomplished.
 

7 October 1980
 
Traveled by air to Surabaya and met with personnel at the Technology
 
Institute of Surabaya. We met with Abdul Salam Husin of the Physics
 
Department, Mr. Hariono Sigit of the Architectual Engineering School and
 
personnel of the Mechanical Engineering Department. Attempts were made
 
to contact industrial representatives but this was not possible.
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8 October 1980
 
In the morning a meeting was held with Dr. Hurijono and Ir 

Wisnu of Lapan.
 

In the afternoon a presentation was
 Wind energy research was discussed. 

made to engineering and science students about solar and 

wind measurement
 

and technology. A summary discussion on my work was also held with Mr.
 

A draft summary of my recommendations was
 Suryudi and Mr. Sucuardjaica. 

prepared and left with Mr. Suryadi.
 

9 October 1980
 
Left Jakarta to return home.
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LEMBAGA MASALAH KETENAGAAN (LMK)
 

Electrical Power Research Institute in PLN, The State Electricity Enterprise
 

Ir.Sucipto Suwono
 
Ir.Hentlono Hendardji
 
J1. Duren Tiga -- Kall Bata
 

September 16, 1980 -- 11:30 a.m.
 

with: 	 Suwardjaka, DJK
 
Tjarinto, DJK
 

The office is in the south of Jakarta; it isdedicated to electrical
 
power research.
 

They have purchased panels from Arco Solar, Phillips and Solarex to
 
test their performance. Two panels are on the roof of a building (5meters),
 
one ishorizontal and the other istilted. The panels are connected to a
 
recorder and then into batteries. There are some records of current produced
 
on a daily basis but the measurement system is not continuous, calibrated or
 
standardized. There isalso no solar radiation measuring system. The
 
batteries are manufactured especially for PV system (by Phillips). Several
 
cells under glass and rubber/plastic are corroding. The panels have been
 
in place for 2 to 3 months.
 

The purpose of the program isto compare panel performance of various
 
manufacturers. They also hope to look at problems with storing electricity
 
and with failure modes of systems. The emphasis ison examining power
 
output characteristics of various panels.
 

There isalso an Australian windmill rated a 2 kw. Itis mounted
 
10 meters above the ground and connected to the same battery bank as the
 
cells. There is a small wind velocity, direction, humidity and barometric
 
pressure measuring station mounted on the tower. The velocity measuring
 
instrument seemed to be in error. The windmill was turning when the instru
ment read only 0.8 to 1.2 M/S. The cut-in speed of the windmill isat least
 
3 mls. They are having trouble recording the output of windmill (recorder
 
too sensitive). The windmill is also not ballanced (rotor is vibrating at
 
low speeds). They estimated that average wind velocities are 3 to 9 mls.
 
The windmill is located between two buildings and wind velocities are less
 
in that location than in the open.
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UNIVERSITAS INDONESIA - DEPARTEMEN FISIKA
 

University of Indonesia - Physics Department
 

Dr. Parangtopo - Graduate student working on solar data
 

Dr. A. Harsono
 

September 16, 1980 - 1:30 - 3:45PM
 

with - Suwardjaka DJK 

- Tjarinto DJK
 

The physics department isundertaking a program to measure global solar
 
radiation (total and diffuse). They wish to have good, reliable -olar radia
tion data on which to base development decisions. They have a feeling that
 
the published global radiation data may be insufficient and inerror because
 
instruments aren't calibrated frequently enough. There are no data on the
 
amount of direct and diffuse radiation and there are not measurement stations
 
in enough locations. Their program is to establish a measurement station on
 
the roof of the physics building in Jakarta, using Japanese equipment of the
 
pyranometer type (black and white). They will have one to measure total
 
global radiation and one shaded to measure diffuse radiation. These will be
 
connected to an integrating recorder and instantaneous and integrated data
 
will be generated. This equipment ,.ill be installed inOctober or November
 
of this year.
 

They have undertaken an analysis o.f the published data from Jakarta for
 
recent years using existing theoretical equations to develop a relationship
 
between diffuse and total global radiation. The theoretical calculations
 
indicate that between February and October the diffuse radiation is 30-40%
 
of the total and during October - January, itis as high as 60-70%. Since
 
there is no actual data on diffuse radiation, this has not been confirmed.
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DEPARTEMEN PERHUBUNGAN - PUSAT METEOROLOGI DAN GEOFISIKA
 

Research Division- Meteorological & Geophysical Institute, Ministry of
 
Communication
 

Dr. Moersidi Soepawidjaja - Agricultural Climatologist
 
Mr. Rodjali - Head of Instrument Section
 

September 17, 1980 - 10:00 am
 

with: Suwardiaka, DJK
 

The meteorobgical institute collects data and publishes meteoroldgical 
statistics and performs special research studies pertaining to meteorology 
and data collection. They also have a section that provides help and 
advice to others. The data on solar radiation is taken routinely at 8 
major stations*: 

Station City Type of Instument
 

4 Jakarta Eppley Pyranometer
 
201 Denpaser Kipp and Zonen Solarmeter
 
219 Kupang Eppley Pyranometer
 
116 Palembang " " 
145 Banjarmasin
35 Semarang

Manadon ") These are old stations not 
Lambang Kipp and Zonen) currently inoperation
 

Inaddition to data taken by this institute, the following institutions 
may also have information on solar and wind: 

- National Physics Institute
 
- ITB (Technical Institute of Bandung)
 
- LAPAN (also wind) (Mr. Rodjali)
 
- Department of Agriculture (for wind also)
 
- Directorate General of Agricultural Plantations (wind)
 
- Public Works LPMA Bandung - Mr. Uson Lubix
 
- Central Agricultural Research Station Bandung - Mrs. Panacia
 

The institute maintains an instrument spction which is responsible
 
for the stations and instrument calibration. The institute has:
 

* See ISSN: 0303 - 1969, Data iklim di Indonesia - 1977 for map and other
 
meterological station data.
 

There is another publication with data: Pub. #34, Solar Radiation,
 
Measurements in the Netherlands Indies by Prof. D. J. Boerema and Dr. H. P.
 
Berlage, Jr., in 3 parts.
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DEPARTEMEN PERHUBUNGAN, September 17, 1980 - 10:00 am, Page 2 

- 7 Niddleton net radiometers - 6 instations
 
1 inthe institute central 

building 

- 2 Angstrom pyrheliometers - 2 in the institute central 
building 

- 4 Albedo meters - 4 in several locations 

The Angstrom pyrhel ioeters are used co standardize other, instruments. 
They are sent to Australia every 3-5 years to be restandardized and are 
maintained in the observatory at Jakarta. The instruments in the various 
stations are not routinely calibrated. Every 5 years or sooner, if they are 
discovered to be broken or not functioning, they are serviced and recali
brated. A visit was made to the central observatory meteorological station 
inJakarta. At this station on the roof of the institute building, there
 
was an Eppley pyranometer, three Japanese instruments -- 2 were pyranometers
 
and the 3rd was a 3-band wavelength instrument (3 separate receptors were 
exposed with each sensitive to different wavelengths). 

The output of this instrument was being compared with one of the other
 
Japanese pyranometers. There was also a Campbell-Stokes sunshine 
indicating radiometer. The pyranometers were connected to recorders in a
 
room on the top floor of the building.
 

There was also a cup anemometer and wind direction (wind vane) indica
tor. This was located on a tower approximately 5 meters above the roof. 
However, there isa building to the ;Uorth, 15 meters from the tower at 
approximately the same elevation as i: anemometer. Thus, the wind velocity 
measurement will not be accurate from this instrument. 

The meteorological institute collects solar and surface wind data at a 
large number of stations and publishes annual and subject summaries. They 
do not issue analyses of the data, nior do they prepare transforms or 
specific studies For special users. In general, the meteorologists do not 
understand how the wind and solar radiation data is used to decide on
 
energy matters.
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L A P A N - LEMBAGA PENERBANPAN DAN ANTARIKSA NASIONAL 

Indonesian National Institute of Aeronautics and Space
 

September 17, 1980 

with: I'. Darwin Sebayang, LAPAN 
Mr. Suwardiaka, DJK 
Mr. TJarinto, DJK 

The Ministry of Research and Technology has given wind research to 
LAPAN, especially large systems for electricity production.. LAPAN also 
has worked closely with ITB and the Aerodynamics and Hydrodynamics 
saboratory (under the direction of Dr. Sugiarmadji). Prior to 1979, they 
also had the solar research and technology program; however, this isnow 
handled by BPPT. The LAPAN wind program is managed by Dr. Harijono, who 
isalso a professor at ITB. Dr. Harijono is now out of the country and 
will not return until the first part of October. He has material on the 
LAPAN program and on a preliminary wind data analysis, but this isavail
able only if I can meet with him. Several papers wpre delivered by LAPAN 
at a May 1980 symposium and workshop on solar and t nid use in Indonesia. 
These papers contained data and program information; however, they have 
no copies. 

LAPAN has found that for several areas in Indonesia,especially on
 
the coast of Javawind electrification ispossible. Two major demonstra
tions of a combination of Savonius and Darrieus rotors are underway in
 
Java. These are between 2 and 5 kw machines. Both are now not operating
 
because of accidents. A prototype isalso operating at ITB. LAPAN has
 
also Just completed a study of past uses of wind in Jakarta. Inthe
 
1970's, the Australians gave several water pumping windmills to the
 
Indonesian Government. These were installed in several neighborhoods to 
supply water. None of the windmills now work. There isalso a report 
entitled Development of Wind Energy Application, May 1980. This paper 
covers a project involving a Mr. Freim of Germany, Mr. Piepers of Holland, 
and r.APAN personnel. LAPAN has a two-year project to measure wind 
velocity in the country. They are developing a surface wind map and in 
apprLximately two months this will be completed.
 

A more thorough discussion of LAPAN work and programs inwind must
 
wait until Dr. Harijono returns.
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INSTITUT TEKNOLOGI BANDUNG (ITB)
 

Bandung Institute of Technology
 

Dr. Aryadi Suwono - LDKESPP, Departemen Mesin (Mechanical Engineering)
 
Ir.Nurwatti - Engineering Science Department
 
Dr. Taftazani - Engineering Science Department
 

September 19, 1980 - 8:30 am
 

with: W. Schaffer, DSI
 

The university works closely with other institutes and ministries in 
solar and wind energy research. The Department has a number of studies 
underway on solaj technologies and a number of prototypes. They have 
developed a 10 M' Flat plate thermosphon hotwater system. This has been 
installed in health clinics. One is now operating inRajawali and there 
are several others. The system was designed,built and tested at ITB with 
funding help from the United Nations Energy ProJect (UNEP). They also 
have a concentrating hot water system design for pasturization and 
sterilization using mirrors and a flat plaf collector system. There are 
several models of ammonia ice and refrigeration systems and some solar 
crop dryers for rice. They have a silica gel experiment (refrigeration 
and a solar thermal (Freon) pump). ITB has a series of pu~ications on 
technologies they have developed. These guidebooks from the Center for 
Technology Development describe how to build and operate each technology 
and are available to anyone for the cost of publishing. This has not 
yet-been done for solar technologies but one is underway for the solar 
hot water heater. 

ITB isalso testing photovoltaic panels. They have several ARCO
 
Solar modules and are testing the output. Inless than 1 year the col
lection efficiency has gone from 6% to 4% or it has decreased by 38%.
 
They believe that this isdue to corrosion of cells. Corrosion isevident
 
inmany cells (sides and along junctions).
 

ITB iscollecting data on direct and diffuse radiation. Mr. Saut,
 
from the Department of Geophysics and Meteorologyhas been taking data
 
at ITB for two years. They are also measuring horizontal and titled
 
total radiations with various pyranometers. They have one pyranometer
 
for total global radiation and one for diffuse (ashading bar isused)
 
radiation. The technologies are built and tested by senior students and
 
used as part of one class. ITB also works closely with LAPI. ITB is
 
very interested inthe engineering, economic and social aspects of tech
nologies and their studies emphasize collection of data on all three areas.
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ITB AERODYNAMICS AND HYDRODYNAMICS LABORATORY
 

Dr. Suglarmadji - Laboratory Director 

September 19, 1980 - 11:00 am 

with: W. Schaffer, DSI
 

The laboratory program emphasizes education and research. They work
 
closely with LAPAN because the program director is Dr. Harijono, who is 
also in charge of the wind program of LAPAN. The university has a com
bination savonius - darrieus wind electricity system. The prototype pro
duces 1870 watts at peak speeds, has a cut in speed of 6 meters/second
 
and operates at 98 rpm. Itis on a bamboo and steel tower and was designed
 
and fabricated (including the generator) at ITB. Slightly larger models 
of this are located in Rumping and Cilant/Eiereum (LAPAN project). At tie 
university, there isalso a smaller savonius machine and a three bladed 
electricity producing machine. All of the above were built at the 
university. 

The director believes that there is sufficient reason to expect 11ind
 
electrification to be applicable inseveral places in Indonesia. Itis,
 
therefore, time to begin to demonstrate technologies and have applications
 
of wind energy for electrification. They are hoping to work with Holland
 
and Germany in this area.
 

In 1970, the Austrailian Government gave 12 multivane windmills to
 
Indonesian Government-for water pumping use in Jakarta. Many factors,
 
including previous water sellers damaging these so they could get their
 
business back, have created a situation where not one windmill works.
 

The university sponsors a Technology consortium yearly to get
 
university anld industry together to discuss problems and needs. Many 
people who teach also consult to and work for industry; thus, research
 
and study findings can get transferred to industry and implemented. LAPI
 
also works on technology transfer.
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L A P I - FOUNDATION FOR RESEARCH AND INDUSTRIAL AFFILIATION AT BANDUNG
 

Dr. Kskandar Danusugondho - Director 
Dr. Aman Mustovan - Research Associate 

September 20, 1980 - 8:00 am 

with: 	 W. Schaffer, DSI
 
Endro Utoma, DJK
 

LAPI has many interests insolar and wind technologies and uses. They
 
are looking for village applications for solar water heaters and wind
 
pumping. They are working with government agencies involved with Population
 
and Transmigration issues to identify needs. They do not believe there are
 
many sites where wind electrification is feasible, but solar hot water
 
heaters can be applied inmany places. They mentioned that several people
 
in indonesia are considering the manufacture of solar thermal flat plate
 
collectors and that an Australian firm was looking for dealers of their FP
 
collector system. LAPI has funded many of ITB's technology projects.
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ITB --	 Departemen Fisika Teknik 
Engineering Physics Department 

Dr. Prapto Widodo, Department Head
 
Dr. Aman Mostofan, Research Associate
 
Dr. Taftazani, Professor 
Ms. Nurwati, M.Sc., Professor
 

September 20, 1980 -- 9:00 a.m. 

with: 	 W. Schaffer, DS1
 
Endro Utomo, DJK
 

Their program involves instruction in solar and wind for use in
 
building design. Passive solar, lighting, heating, etc., are covered.
 
They have also had many senior projects on solar and wind. Many of the
 
studies have involved data analysis for solar and wind, and some have been
 
funded by LAPI. They are interested in studying the application of solar
 
and wind technologies for villages. For example, the use of photovoltaics
 
for battery charging is being studied. They work closely with the Mechanical
 
Engineering Department and with the Aerodynamics and Hydrodynamics Labora
tory. 	 They gave us a publication showing all their thesis work in solar 
with a short summary of each project.
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LIPI - LEMBAGA ILMU PENGETAHUAN INDONESIA
 

LFN - LEMBAGA FISIKA NASIONAL
 

National Institute of Physics
 

Dr. Nilyardi Kahar - Assistant Director
 

September 20, 1980 - 10:00 am
 

with - Endro Utomo OJK 

- Aman Mostovan LFN
 

- W. Schaffer DSI
 

LFN isjust starting in the energy area, having only been involved for
 
one year. Their main function is research and development of appropriate
 
technology. They are looking at solar and wind applications appropriate for
 
rural villages. They have studied water and energy supply systems and have
 
recently built a savonius rotor windmill for pumping water near Bandung.
 
The system pumps water against a 13 meter head. They are studying community
 
energy needs and are planning i study into energy use patterns in small
 
villages. They have an energy proposal under consideration by LIPI. This
 
will be a small pilot project to supply energy to a village with renewable
 
technologies and ifsuccessful, itwill be expanded to include more villages.
 
In addition to studies, they are maintaining contact with other people and
 
institutions working on energy problems. They want to be a coordinating and
 
information transfer group as well as one which conducts ,.,search and studies.
 
They believe that with over 60,000 villages in Indonesia, there is a need for
 
many groups and a wide range of activities in the renewable energy field. 
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BPPT - BADAN PENELITIAN DAN PEMBANGUNAN TEKNOLOGI
 

Agency for Development and Application of Technology
 
in the Ministry of Research and Technology
 

Dr. Lolo Panggabean
 

September 22, 1980 - 9:00 am
 

September 23, 1980 - 1:30 pm
 

with - Suwardjaka DJK 

- Supriyo DJK
 

There are several solar and wind activities underway inBPPT. The
 
financing for these activities comes from USAID, The Republic of Germany and
 
the Indonesian Government. The projects are briefly described in the following
 
paragraphs:
 

I They have an ongoing research program to manufacture photovoltaic
 
cells starting with silicon waters purchased from the U.S. They have manu
factured cells (inthe laboratory) with 4-5% capture efficiency. They intend
 
to continue this research at the National Electronics Laboratory (LAPI) in
 
Bandung until they receive their own equipment.
 

e They have had a study of the feasibility of building a major energy
 
laboratory at PUSPIPTEK. The study was financed by AID and the study team
 
included Professor Adams from Argonne National Labs; S. Ergun from Berkeley;
 
R. Beck from DOE inCalifornia; Dr. Miller from MIT; and George Warfield from
 
SERI. Their report has been finalized and delivered to AID and BPPT. The
 
center will include experimentation, testing, standards development and
 
training, emphasis will be placed on coal, biomass and direct solar conversion.
 
It is hoped that the center will be built before 1985. In the center, there
 
will be an energy planning and analysis group, a pilot plant development group,
 
and an energy industry group. A Mr. Wardiman of BPPT is involved in the
 
energy industry group.
 

@ A project titled Development and Utilization of Renewable Energy
 
Technologies and Resources, having four parts, is underway. One part involves
 
a solar village, the second involves the use of agricultu-al products for
 
energy, the third covers the production of methanol from agricultural
 
residues and the fourth isthe development of an energy model for the country.
 
The first activity isunder the direction of Iman Sudanwo and Mr. S.H. Nasution
 
of BPPT and isa joint effort with the German government.
 

There will actually be two villages for the solar work. The first is
 
now equipped and has been producing electricity from photovoltaics f r one
 
year. It is located at Picon, near Jakarta and involves agricultural irriga
tion and water supply. At present, there is 5.5 peak kw a photovoltaic avray
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for the pumping and only a small amount of battery storage. InJuly 1980, a
 
wood pyrolysis unit was installed. This will produce 22 kw and will later be
 
converted to use rice hulls. The second village, Cltvls, will be started3
 
later. This village project will emphasize fish processing and ha;,e a 5m /
 
day, 3 phase reverse osmosis photovoltaic powered desalinization un) and
 
ice making. The photovoltaic powered ice making initially will be comercial
 
compression technology, but they hope later to switch to common absorption.
 
There will also be a scientific and solar technology transfer program to
 
encourage more village applications. This solar village program involves a
 
joint cooperation between the Ministry of Research and Technology of Germany
 
and Indonesia. The estimated cost of the PV power system (panels, controls,
 
and storage) isapproximately $15 per watt peak. The Indonesian government
 
has over 30 people working full time on the project.
 

The second project of the program isjust beginning and includes the
 
growth of lucina for combustion as well as the use of leaves for cattle feed.
 
This study is being done by BPPT in Bogor incooperation with the Australian
 
government. The third project, ethanol from agricultural products, was not
 
discussed. The development of an energy model isbeing funded at this time
 
by the Indonesian Government (BPPT) and involves advice from Bechtel. At
 
the present time, they are considering various types of models to adopt.
 

Dr. Panggabean ismanaging a project funded by AID looking for opportu
nities and needs for electricity production invillages. There are at least
 
12 Indonesian engineers and a permanent resident consultant, Mr. Rubin Hardy,
 
working full time. There have also been several consultants from the U.S.
 
The survey was organized around several assumptions and criteria; these are
 
listed below with preliminary findings. The study was designed to locate
 
areas where wind and small hydro could supply existing electriGity needs.
 

a) The survey was organized to look at two areas of Java identified as
 
having at least 6M/sec. wind 50 percent of the time. These areas were
 
identified using data from a paper authored by Dr. Haryono Djojodihardjo
 
(LAN) entitled ASPEK TEKNO-EKONOMI DARI PEMANFAATAN ENERGI ANGIN DI INDONESIA.
 
The location of areas to survey was further defined by selecting areas where
 
there was dispersed population.
 

b) The teams visited one area in central Java on the south coast and in
 
east Java inan area of high elevation.
 

c) The teams looked for dispersed population - less than 20 households.
 
Itwas felt that with this number or fewer people, 500 watts of electricity
 
or less would be sufficient for battery recharging and other small energy
 
demands. The team also looked for water availability and rice or other
 
agricultural activity. At the places where they found all three conditions,
 
they looked for wind or small hydro possibilities.
 

d) The 500 watt figure was based on an assumption that a 500 watt
 
windmill could be built wholly from skills and material available in Indonesia.
 
Ifdemand was higher and a larger windmill was required, the project team
 
felt that itwould not be possible to wholly produce this in Indonesia.
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e) If they found an area which had people, water, and agricultural
 
activity, they had a simple device to leave at the site for one month to
 
measure the time that winds were equal or greater than 6M/sec. In over 200
 
sites that they found people, they only found five sites with water and
 
agricultural activities. At these sites there was only 15 minutes or less
 
of wind over 6M/sec. during the time measured. (Mid August to mid-September,
 
1980).
 

f) They are going to look at other areas inJava later in September
 
and early October.
 

g) They did find a large number of people using 6 and 12 volt car and
 
motorcycle batteries for TV and cassette players. Radios were run by dry
 
cells. The 6 and 12 volt batteries were recharged 3-4 times per week. Many
 
people also had small hydro or diesel generators to charge batteries.
 

h) They did not look for wind pumping opportunities or for wind less
 
than 6M/sec. or for wind data. Their principal interest was to find a
 
situation where wind could be used if other criteria were met.
 

I) Some of their preliminary findings are that where wind velocity is
 
6M/s or more, the elevation is high and thus, groundwater is deep. The people
 
they spoke to indicated that the wind isvariable with long periods of no
 
wind and frequent high winds. Wherever they found water and agricultural
 
opportunities there were many people, thus 500 watts would not be sufficient
 
to meet electrical needs.
 

At the second meeting, a discussion of wind and solar technologies was held
 
and I showed a number of slides of various technologies and applications.
 
The reports and information I had from the U.S. were reviewed and they asked
 
Mr. Suwardjaka for copies.
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DISCUSSION WITH MR. SURYADI AT HIS OFFICE AT DJK (DIRECTORATE GENERAL
 
FOR POWER)
 

September 23, 1980 - 9:00 am
 

with: W. Schaffer, DSI
 

He has asked people at ITB to begin to study and develop criteria
 
for applying photovoltaics in Indonesia. They should consider the
 
solar regime, the uses, the costs and alternative power sources. Some
 
type of procedure for selecting sites and types of applications should 
be developed. He also indicated that people in the Ministry of 
Transportation or inthe Railroad Agency (AEG) will also know about 
solar uses. A trip to Yogyakarta, Solo and Semarang would be helpful. 
In Yogya we Ghould see a Mr. Seno of GAMA, in Semarang we should see 
UNDIP (Diponegoro University). I discussed a return trip to Bandung 
to collect global and diffuse radiation data from Mr. Saut of G & M a 
Department of ITB and to visit L E N. I will speak to Mr. Suwardjaka 
and Dr. Suwono of ITB to schedule a return trip. Mr. Surjadi will be 
at an energy conference in Bali from today through the 30th. He also 
plans to go to a UN sponsored (ESCAP) conference inBangkok, Thailand, 
in November (28 November - 5 December 1980). The conference will cover 
Solar Technology and have country reports and solar technology displays. 
Mr. Suryadi also suggested that I contact Dr. Parangtopo at the 
University of Indonesia and other universities and arrange for a talk 
to faculty and students on the prospects of using solar energy in 
tropical countries. Either Saturday from 11 am - 1 pm or Thursday 
from 2 - 4 pm would be a good time for this. 
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RESEARCH DIVISION - METEOROLOGICAL AND GEOPHYSICAL INSTITUTE MINISTRY OF
 
COMMUNICATIONS
 

Mr. Susardjo, Library
 

Mr. Sutomo, Instrument Section
 

September 27, 1980
 

with: Suwardjaka, DJK
 

The library has both reference books and copies of data. The data 
held in the library on solar global radiation and hours of sunlight is 
not different than held by DJK. I was able to purchase a copy of publication
43, which contains global radiation data for Jakarta taken between 1917 and 
1925. I asked about instruction books, etc covering operation of meteoro
logical stations, but there were none. 

I asked the instrument people about the 8-hour measurement period on
 
the Campbell-Stokes radiometer. I know that there ismore than 8 hours of
 
sunlight, but want to know why only 8 hours are reported. I could not
 
find out, but will try again next week. Mr. Sutomo said that the C-S
 
radiometer is not calibrated in country and confirmed the schedule and
 
process for calibration of other instruments mentioned inan earlier visit.
 
I accidentally noticed an ongoing research project where five Phillips PBX
47A photovoltare modules were being tested/calibrated. The Kimball-Hobbs
 
pyranometer was used as a standard and every k hour, current measurements
 
were being made on the modules. Each module was inclined at a different
 
angle between horizontal andS20o. There was a theadolite to measure the
 
solar angle. The research was being done for Dr. H.W. Iratmodjo, and a
 
student, Aqus Selim Danski, at the physics college of
 
in Bandung. The experiment will go on from 4 September through 3 October
 
1980. Mr. Sutomo said that they will begin to measure diffuse radiation in
 
1981.
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SOLAR VILLAGE AT PICON
 

Chayun Bjdlono BPPT Project Manager
 

September 29, 1980
 

with: W. Littlewood, AID
 
W. Schaffer, DSI
 
Suwardjaka, DJK
 
Tjarinto, DJK
 

Under an agreement between the German Federal Minictry for Research
 
and Technology and the Indonesian Ministry for Research ond Technology,
 
a 5-year joint solar village project has been planned and implemented.
 
The project site isPICON, a village of approximately 75 houses in the
 
Serang Regency of West Java (approximately 75 kilometers west of Jakarta).
 
The purpose of the project is to test various solar and biomass energy
 
conversion systems in a rural agricultural setting to demonstrate their
 
utility issupplying energy for daily needs. The project was initiated
 
through a Joint agreement inFebruary of 1979; the first technology, a
 
wood pyrolysis unit and a biomass digester have also been added. The
 
village power systems include:
 

e The village has a 5.5 peak kilowatt capacity array of both
 
mono and polly crystaline photovoltaic cells manufactured by
 
AEG telefuiken. There are 9 arrays of 1.2 and 4.8 meters or
 
approximately 52 M2 of Array. The panels are TSG-P-36/O
 
Telefunken models. Thz: system also includes 420 amp hours of
 
"Varta" lead-cadmium storage batteries (30 cells). The system
 
produces alternating current of 22 volts and 50 HZ to power a
 
30M 3/hr irrigation pump. The pump is located approximately
 
400 meters from the array and delivers water to 72 hectares of
 
rice. The rice fields are owned by approximately 75 different
 
people. The system has operated for approximately one year
 
without major problems. At present, it is being operated and
 
maintained entirely by personnel from the Agency for the
 
Development and Application of Technology (BPPT). There is
 
now no charge for the water and any distribution disagreements
 
or water use problems are handled by the village. The village
 
center is located adjacent to the array and has a separate PV
 
powered television (with lead-acid storage battery) in the
 
village center. They have no solar radiation measuring
 
instruments and rely on data from Jakarta. A solar measuring
 
laboratory isplanned sometime in the future. They also plan
 
to turn over operation and maintenance to villagers inyear
 
3 or 4 of the prrject. The PV power system at maximum solar
 
radiation produces approximately 4 kilowatts. BPPT personnpl
 
believe that this is because solar radiation at PICON is less
 
than they had expected and is also less than inJakarta.
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SOLAR VILLAGE, September 29, 1980, Page 2
 

e In addition to the PV power system, there is a pyrolytic
 
converter manufactured in Germany. The system produces a gas
 
which isburnt to produce electricity to power a 180 Ms/hr
 
irrigation and water supply pump. The system has Just been
 
Installed and has been inoperation for less than two mrnths. 
It uses 15 Kg/wood per cycle of 1 hour or- 60 kg of wood for 
a 4-hour run. The wood costs 6,000 rapias per M3. This system 
will also be used to supply appruximately 100 watts/household
 
to each village home for several hours each night sometime in
 
the future.
 

A third system isa small underground bio digester adjacent
* 

to the solar panels. This system has just been installed and is
 

not yet operating. The digester will be charged with vegetable
 
wastes, cattle waste and other agricultural waste. They hope
 
to use the methane gas to produce electricity and use the digester
 
pumpings for fertilizer. This digester isa pilot model and will
 

only be used for study. A larger digester will be installed later
 

if the project is successful.
 

large 30 meter tall
The total project is very simple and except for a 

steel tower for radio communication with Jakarta, it isalmost not
 

There are several control buildings with space for future
noticeable. 

laboratory and research work but the entire project area is fenced and
 

located on approximately .5hectares. The one serious problem I see with 
the project is that solar radiation has not been measured and record
 

keeping has been minimal.
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AID PUBLIC HEALTH - UNITDE STATES EMOASSY
 

Mr. Pratt - D(-ector 
Mr. Stodsimsky - Assistant Director 
Dr. David Calder - Manager for the AID-CDC Cold Chain Imunization Project
 

September 29, 1980 

AID with the U._'. Comunicable Disease Center of Atlanta has an ex
pand-d program in improving the Imunization Services in Indonesia. They 
are studying ways to improve the "cold chain" allowing longer useful lives 

They
for vaccinations and medicines in hospitals and health centers. 

have been approached by U.S. NASA and CDC and asked to consider the utility
 
of testing a photovoltaics powered refrigerator.
 

There are approximately 45,000 Public Health Centers in Indonesia,
 
some have electricity and power but most do not. Each of these serve
 
30,000 to 40,000 people. These serve 4 - 5 satellite and small centers.
 
The centers have vaccines and they are suppose to have a full-time doctor.
 
At prsent wherQ refrigeration isprovided, it isby electrolux kerosine
 
refrigerators. Tha problens with these include:
 

* Combustion systems which foul, 

* Spare parts are difficult to get, 

# They do not freeze well.
 

There is also some interest insolar hot water and sterilization. Those
 
should be developed by further discussions between Indonesian personnel.
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PADJADARAN UNIVERSITY, YOGYAKARTA
 

Mechanical Engineering Department
 

Mr. Haryanto, Lecturer
 
Mr. Sukrisno, Lecturer
 

Sept.wber 30,1980 -- 10:00 a.m. 

with: Suwardjaka, DJK
 

Their program is very new and emphasizes the production of machanical 
energy. They have performed some solar energy measurements; however, their 
data are only for short periods of time. They have Japanese "EKO" total 
radiation pyranometers and digital integrators. They can also measure 
direct radiation. They have done some work with a concentrator to produce 
hot water that they built, but this was with students and it is used as a
 
teaching device. Some students under their direction built a windmill to
 
pump sea water for a salt drying project. This project was south of Yogya
karta on the shore. Itwas a multibladed windmill. They have problems with
 
the pump in-take due to tidal fluctuations and with pumpcorrosion. They
 
have only ahand-held annoeter to measure wind velocity. 

Their mechanical engineering lab is very complete and they have a
 
thermal refrigeration system as well as several heating systems, and other
 
test equipment. They have 240 students in the Mechanical Engineering
 
Department, dnd graduated 19 last year. They need training in solar and
 
wind, and library and textbooks. They also need examples of solar and wind
 
devices. They hope to do more experimentation and to get more students.
 
They work with Mr. Seno inPhysics, but his program is older and larger.
 
They have done little data analysis and know very little about the state-of
the-art in solar and wind. They are interested,and hope to get help and
 
training so they can develop their program.
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UNIVERSITAS DIPONEGORO SEMARANG 
Pusat Risei. Dan Pengembangan (PRP)
 
Research ard Development Center - SEMARANG
 

Dr. Soehardi, Director of the Institute 
Dr. Fx Sublaganto. In Charge of Solar Projects
 
Mr. undaris, Responsible for Solar-Photovoltaics 
Several other institute members
 

October 1, 1980 - 10:00 am 

with: Suwardjaka
 

The institute has a variety of programs and is like LAPI at Bandung.
 
Their programs Include: 

1. Coordination of University research activities
 
2. Training 
3. Handling interdisciplinary R&D activities 

a. Population Studies 
b. Environmental Studies
 
c. Marine Resources Research
 
d. Regional Development Studies 

4. Extension services to rural areas
 
a. Services of students to help rural people - advise 
b. Center for Appropriate Technology
 

Solar
Mi Biomass
 
c. Center for Regional Development
 

The solar program is reasonably new. It started in 1978. A shortage
 
of wood in the country and intheir area lead to their interest inalterna
tive fuels and technologies. They started out with a system to produce hot
 
or boiling water for cooking rice. They started in the laboratory to develop
 
and test various types of solar hot water heaters. They went to more and
 
more efficient devices. They have several examples of technology. They
 
have progressed to a solar refrigerator for ice making using ammonia. Once
 
these are tested under laboratory conditions, they will go to field testing.
 
They have also developed a very simple photovoltaic system using transistors.
 
These are expensive -- 700 rupia per transistor;- 10 to run a calculator;
 
and 300 to run a clock. They get'300 millivolts/transistor instrong
 
sunlight. They need funding, contacts with other people, training and
 
Instruments to measure solar radiation. They could use the loan of a
 
person to help intheir program or grant money to finance field testing.
 
They hope to start a wind project also. They have a pump (mechanical) made
 
from Bamboo. They feel It will cost 2,000 rupias to build inmass production,
 
assuming one man can build 2 per day.
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UNIVERSITAS PADADARAN - MECHANICAL ENGINEERING DEPARTMENT 

Assistant to Dr. Seno Sastroamidjojo
 

October 2, 1980 10:00 P.M.
 

with: SuwardJaka, DJK
 

The University is carrying out several solar projects. These include 
several types of concentrating dish and parobolic collectors and a major 
solar crop drying demonstration. The solar crop dryer is being used to 
dry cocoa from a plantation inthe Surabaya area. The dryer ison the
 
university grounds, itwill handle one ton of cocoa and uses some
 
electricity for the blower (0.8 kw motor). The department does not have 
instrumentation to measure solar radiation, they are on order. They
 
are building a dryer at the plantation (PTP) in Surabaya. This is
 
being done by Bavata an Indonesian Steel Company with Dr. Seno serving
 
us an advisor. If this issuccessful, others may be built and marketed.
 
Many plantations aad growers of coffee, tea, cocoa, rice and corn use oil
 
heat to dry crops.
 

The e4sh concentrator was used in research to produce N2 and H2 gas
 
from NH3 at approximately 30000C for heat storage. Itwas built incon-

Junction with pecle from the Australian National University (ANU). It
 
is undergoing a testing program.
 

Dr. Seno is also involved inresearch on Biomass to create ,cohol 
or benzone from different feed stocks. Wind studies are being conducted 
with ITS in Surabaya. This is just beginning and Dr. Senn isacting as 
an advisor. 
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TECHNOLOGY INSTITUTE OF BANDUNG - MECHANICAL ENGINEERING DEPARTMENT
 

Dr. Aryadi Suwono and ITB Engineering Students
 

October 3, 1980 10:00 A.M. and October 4, 1980 9:00 A.M.
 

with: Suwardjaka, DJK
 

The initial meeting was dedicated to discussing the findings of the 
project so far and on future needs. I was starting to summarize my 
impressions for people to see their response and to confirm or correct my 
recommendations. Dr. Suwono indicated that he had seen data from the 
Ministry of Agriculture that showed , --oilage rate of over 40% of 
vegetables between harvesting and marketing. Almost 30% of the spoilage 
took place during transportation and st3rage. Thus both solar drying and 
cooling could be important technologies if they were reliable, available 
and economical. He also felt that the current emphasis of the government 
on solar and wind for rural applications might not be too successful. 
There were many needs and opportunities, however, the people could not 
afford to buy and the govermient wasn't sp. n-rugh to encourage the
 
manufacture and supply of solar and wind devices. He felt that a large
 
percentage of the population and some of the commercial and industrial
 
activity was still decentralized in Indonesia and thus small scale solar
 
and wind technologies could contribute to solving problems.
 

There also seems to be a problem at the government level. Nowhere in 
ITB issolar or wind used although the Mechanical Engineering, Physics and
 
Hydrodynamics and Aerodynamics Laboratory have developed several prototypes.
 
which could be duplicated and used. This istrue in other gnvernment areas;
 
i.e., the military won't as yet buy solar or wind technology, agriculture
 
is increasing production not energy conservation and the urban population
 
emphasis istransmigration. In1972 ITB personnel produced a paper on
 
rice drying and the use of solar powered dryers. This was widely di&
tributed and discovered but the goverrnment has not yet invested in this. 

Dr. Suwono felt that the following technologies and activities were
 

important:
 

9 	Wind pumping for salt production on the coast. 

* 	 A collector capable of extended (several hours) temperature 
of over 700C for refrigeration-with ammonia. 

a 	 Solar thermal pumping. 

Dr. Suwono also said that in Lembang there is a rice dryer which is 
a hybrid technology, oil heating with a solar assist. Itwas built by
 
students on a rice plantation but because of cloudiness and humidity 
in the area, the solar assist does not function well.
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TECHNOLOGY XNSTITUTE OF BANDUNG -,MECHANICAL ENGINEERING DEPARTMENT
 
October 3, 1980 and October 4, 1980. Page 2
 

Data that has been developed on diffuse and total global radiation
 
inBandung for several months in 1980 shows that inMarch the diffuse
 
was approximately 30% of the total and inApril itwas over 40%. The
 
program and instrumentation isexcellent and valuable information should
 
result from this effort.
 

The solar map prepared for Java (see Reference 8) was developed

using global solar radiation from Jalcarta and Bandung. Separate

equations relating total global radiation and hours of sunlight was
 
developed with the Jalcarta equation being assumed valid for all places

below 100 meters in elevation and the Bandung equation was used for all
 
places above 100 meters. Then hours of sunlight data which exist
 
(or many stations inJava were used in the same equations to calculate
 
total global radiation for the various stations. Following this 180
 
intensity lines were drawn thru points to produce the seasonal and yearly
 
average maps. There isa need to complete a map for all of Indonesia but both
 
solar radiation measuring equipment and support for data collection is
 
necessary.
 

A MS Thesis done inthe Philippines by a former ITB student discusses
 
"The Feasibility of Manufacturing and Marketing Solar Hot Water Heaters
 
in Indonesia". The thesis was done in 1978 by Eugenio Lopez Foundation
 
at the Asian Institute of Management. The thesis contained cost data
 
on imported hot water heater. In 1975 there were 3366 electric hot water
 
heating systems imported into Java. In 1976 thore were 8849 imports.

In 1975 the rupia cost for a home gas fired heater was $98,000 and it
 
cost $240,000 rupla for an imported electric hot water heater. The ex
change rate at that time was approximately $1 U.S. for $15 rupia. Today

the exchange rate is$1 U.S. for 625 rupia. The thesis presented a detailed
 
economic analysis of a solar hot water heating business. The emphasis
 
was on manufacturing panels and fabricating open hot water systems in
 
Indonesia. The analysis was very favorable to starting a business
 
however no one yet has done this. Dr. Suwono indicated that there was
 
over lOmz of panels for hot water heating now inplace inSurabaya.
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LEMBAGA ELEKTROTEKNIKA NASIONAL (LEN) INBANDUNG
 
(APart of the Ministry of Research and Technology)
 

Ms. Ika Ismet
 

October 3, 1980 1:45 P.M.
 

with: Suwardiaka, DJK
 

LEN is involved inelectronics research. They are sponsoring and
 
conducting research on semi-conductor manufacturing. At this time they
 
are emphasizing diod manufacture. They hope to establish the foundation
 
for an electronics industry in Indonesia. This has let them to start
 
other semi-conductor research projects. Currently they also have projects
 
covering transistors and silicon based photovoltaics. In their PV research
 
they have purchased or fabricated the equipment necessary to start with
 
silicon wafers purchased from Monsanto inthe United States and produce
 
single PV calls. They have made several cells but most of their effort has
 
been direLted to investigating various steps inthe manufacturing process.
 
They have just purchased many new Japanese and United States instruments
 
and processes to replace their old models. They will shortly have a complete
 
and modern system in their laboratory to perform research on all the steps
 
in the manufacture of silicon PV cells. They lack trained personnel to
 
conduct this research as at this time Ms. Ismet is the only full time
 
researcher involved in the project. They hope to work with BPPT and others to
 
advance their research.
 

(Following this visit I discovered that the Puspitek Laboratory Project
 
funded by AID -included the purchase of a similar PV research setup. I
 
discovered that the BPPT PV cell I had seen earlier had been made using
 
LENs equipment. I also believe that BPPT knowingly plans to duplicate
 
this capacity at the Puspitek Laboratory.)
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INSTITUTE TECHNOLOGY SURABAYA (ITS)
 

Physics Department
 

October 7, 1980 - 9:00 A.M.
 

with: 	 Suwardjaka, DJK 
Aboul Salom Husian 

Many projects have been undertaken but they are not a part of a 
master research program. Since April, 1978, studies have been ongoing. 
They have only measuced solar radiation over short periods of time and 
only total radiation. Thny have also looked at Savonious rotors. In 
total they have had 8 principal solar and wind student projects since 
1978. They do not have budgets especially for solar or wind. Sometimes 
the students have-to pay for the equipment to do the research and thus 
the projects are small. They want to mike a concentrator for producing 
steam but they do not have funds as yet. They liave made a prototype 
of a cabinet natural convection hot air dryer with a collector and 
drawers. Itis to be used for rice and other crops. The parobolic
 
collector will be used to produce 150Oc to be used to salt out crystals
 
from a solution. This is a Joint tudy with the Chemistry Department. 
Through chemistry they hope to go further and commercialize this process. 
Some industries have contracted money to research projects in hope of 
developing equipment. So far this has not been successful because the 
prototypes need much more development and the industrirs do not have 
people to continue this work. Now three faculty are studying abroad to 
get masters and PhD's insolar. One is inAustralia and two are in the
 
United 	States. 
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INSTITUTE TECHNOLOGI SURABAYA ITS
 

Ingr. Hariono Sigit - Arsitek (architect)
 

October 7, 1980 - 10:30 A.M.
 

with: SuwardJaka, DJK
 

This is one of the principal architectural schools in the country.
 
There are 40-50 graduates each year. They have been involved in solar
 
and wiid projects but there is no formal course or any laboratories. The
 
projects have been student research projects. For example, several students
 
and Ing. Sigit built a prototype solar hot water heater in Compong improve
ment village near Surabaya. Itwas done on a very small budget and does not
 
work now (itwas not maintained). A new enlarged school campus isbeing
 
built using architects from Singapore. The financing comes from ADB and
 
they encourage the use of Singapore or established architects. There is
 
some passive design being incorporated but very little active solar or
 
wind is included. They are not emphasizing solar.
 

They need more facilities, specialized knowledge and references if
 
they are to teach solar-wind-renewable energy design. They especially
 
need labs and equipment to emphasize solar and wind.
 

DKVELOPMENT ICIENCKU INC. 



B-31
 

L A P A N - LEMBAGA PENERBANGAN DAN ANTARIKSA NASIONAL 

Indonesian National Institute of Aeronautics and Space
 

October 8, 1980 - 9:00 A.M.
 

with: Dr. Harijono Dojodihardjo LAPAN
 
Ir.WISNU, LAPAN
 
Mr. Suwardjaka, DJK
 

Dr. Harijono confirmed much of what was said at the September 17 
meeting at LAPAN. They are emphasizing an assessment of wind energy 
potential and to introduce and stimulate wind energy technology. They 
are trying to organize a national wind velocity measurement system. They 
are working on a cooperative program with Germany. Their surface wind 
maps are not good, infact, they will not publish wind velocity profiles 
until better data isavailable. They believe wind power isappropriate 
for certain applications and are attempting to determine where and how 
wind can be used. 
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INSTITUTE TECHNOLOGI SURABAYA ITS
 

Mechanical Engineering Department (school is on the other side of town
 
from main campus)
 

Ingr. Najnavk
 

October 7, 1980 - 11:45 A.M.
 

with: Suwardjaka
 

They have constructed a windmill to produce mechanical energy for
 
pumping and grain milling (rice). The project was a joint government
 
and university effort. The windmill, in a village outside Surabaya, was
 
built entirely from local materials (aDiahatsu transmission was used).
 

special interest of
The windmill has been working for a year. Wind is a 

the school especially to create mechanical energy. They intent to do
 
other similar projects.
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MEMORANDUM
 

TO: 	 Mr. William Littlewood, Director
 
Science, Technology & Energy -- USAID
 

FROM: 	 J. D. Westfield, Consultant
 
Working on AID/Indonesian Energy Planning for Development Project
 

DATE: 	 October 20, 1980
 

SUBJECT: 	 Comments on July, 1980, USDOE Team Report on Preliminary
 
Planrbtng Study for Puspiptek Energy Research Laboratory
 

As you 	requested, I have reviewed the above report paying particular
 
attention 	to the Direct Solar Conversion Program recommendations. The
 
followni 	brief comments represent my evaluation of the report. I have been
 
in Indonesia approximately one onth visiting and talking with a wide variety
 
of people 	involved insolar ar. wind research and applications. I do not
 
know 	what the DOE team found intheir interviews except as described intheir
 
report. I feel somewhat uncomfortable in reviewing their findings without
 
having 	the opportunity to speak first with Dr. Adams. This isespecially
 
true because I do not agree with his recommendations on photovoltaic:s; I feel 
that instrumentation to measure wind and solar radiation has not been given 
enough emphasis and believe wind technology has not been covered. Insome 
respects this disagreement is probably due to a difference in our opinion; 
however, I believe that the disagreement over the photovoltaic reconmnendations 
may be due to a difference in knowledge of on-going studies and work in 
Idonesia. I have attempted to indicate inthe following paragraph why I 
believe that the lab should not support photovoltaic cell production. 

I agree completely with paragraph two on page 42 of the report. Furthermore,
 
I know 	that LEN (the National Electronics Institute) in Bandung has an on
going program to produce photovoltaic cells. They now have equipment and
 
are in the process of buying new models, many of which are similar to that
 
proposed on pages 71-75, Appendix C of the Report. I,also, know LIPI and
 
BPPT 	are hoping to buy similar equipment (possibly this project will finance
 
this purchase). If it were up to me, I would not recommend that AID spend
$250,000 or more to purchase even one set of equipment for Indonesia. I am 
totally against AID or the U.S. f;nancing a second set. As I said, LEN already 
has or is getting almost the same (equipment. The second reason I am against 
this line of research and funding is that there isa serious lack of solar 
and wind data in Indonesia, and $250,000 would finance badly needed training
and equipment for solar and wind measurement. I believe that spending money 
for this will be a much more important and valuable contribution to promoting
the use of solar and wind resources than funding photovoltaic research. The 
solar and wind report I am producing will document this need and recommend 
where and how solar and wind measurements should be made. 

My final feeling about the DOE team report is that the Puspiptek Laboratory should
 
have more equipment for testing wind power and some equipment to test batteries, 
voltage regulators, alternators, etc.
 

/km 
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PRELIMINARY RECOMMENDATIONS
 
COVERING SOLAR AND WIND RESOURCES AND TECHNOLOGY
 

Inorder to provide DJK personnel with preliminary rerommendations
 
resulting from the solar and wind energy portion of the project and to
 
provide some guidance as to priorities for DJK spending, the following
 
summary has been prepared. The final report covering the one-month work
 
in Indonesia will be completed in the United States. This report, when
 
completed, will contain information to support the recommendations and present
 
them in more detail.
 

The first and most important recommendation is that 20 small meteoro
logical stations be purchased and located in various places in Indonesia.
 
At least 12 should be located outside Java. The stations should measure
 
and continuously record total global solar radiation, temperature and wind
 
velocity. The stations should be operated and maintained by the Meteorology
 
and Geophysical Institute with assistance from DJK and LAPAN. Additionally,
 
at least 8 locations should include measurement and recording of diffuse
 
solar radiation. These meteorological stations will co~t approximately
 
$8,000 U.S. each or $160,000 U.S. total. Inaddition to the stations,
 
a thorough training course insolar and wind measurement, instrument opera
tions and care, data analysis,and wind and solar energy data use should be
 
developed and given to selected personnel in the Meteorology and Geophysical
 
Institute, DJK, BPPT, LAPAN and universities. The last part of this
 
recommendation is the purchase of 5 sets of Epply pyranometers and 5 anna
mometers to be used by universities in supporting their solar and wind
 
research and studies programs. One pyranometer of the set should be equipped
 
to measure total radiation and the other to measure diffuse radiation.
 

The second major recommendation is that DJK establish a solar and wind
 
research, study, demonstration and application information system. There
 
are many people and institutions involved in solar and wind research, and
 
one agency should monitor and collect information on all activities. DJK,
 
as a planning agency, can serve as a central information center And can
 
disseminate this information to others to assure that those people needing
 
information can have the most current and complete solar and wind information
 
from one source. This will also be very helpful to DJK inthe planning and
 
coordination role that ithas adopted. The development of this system will
 
at first involve one person and files. However, this should rapidly expand
 
to include computer storage and printout of information. An initial invest
ment of one person full time and one part-time secretary, plus funding
 
for the design study for the information system should be sufficient for the
 
first year. During the second year, computer programming, storage and data
 
entry will be required. An annual summary report should also be prepared;
 
however, this report will only be useful ifit is published in a time],
 
manner of quarterly installments and assembled into one volume at the end of
 
each year. This report should contain radiation and wind velocity maps;
 
summaries of projects and studies; data on technology cost, performance,
 
suppliers and maintenance; information from other countries; and other useful
 
information on solar and wind.
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PRELIMINARY RECOMMENDATIONS PAGE 2
 

The third major recommendation is that DJK concentrate on starting 
solar and wind research and technology demonstrations pertinent to commer
cial, industrial and institutional use. This activity should emphasize 
government use of technologies such as solar hot water heating. The mili
tary and ministry offices, schools, and health tenters (without electricity) 
should be the first places to use solar and wind technologies. This program 
should also emphasize and support demonstrations of solar crop drying and 
cooling or refrigeration of vegetables. In this area, commercial size
 
dryers and coolers should be constructed and demonstrated. Funds fo test
ing of solar technologies useful in heating hot water for food processing
 
?nd beverage production should also be included. This program should not
 
replace the current government program emphasizing renewable energy applica
tions in rural areas, itshould be a companion effort. Ifpossible, the
 
government should encourage industry to participate and share some of the
 
costs in this effort. Ifgovernment provides some incentives and shares some
 
of the early costs with industry, commercial and industrial uses of solar
 
and wind can be accelerated and substantial energy savings are possible
 
through widespread use of existing technologies.
 

There will be several other recommendations involving bringing U.S.
 
technologists and Lecnnologies to Indonesia; however, they must be thought
 
out before being written. The technology demonstrations will emphasize
 
technologies suci: as cooling and freezing which can be applied to agricul
ture health posts, industry, etc.
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TABLE C-1
 

Comparison of Global Radiation and Hours of Sunlight Data for 
Selected Stations on JAVA
 

Station I 
_Remarks F M A M 0 J A S 0 N .... D ,_

®@JAK 08S 
Percent 13 55 53 74 77 Pi 84 84 80 66 51 42 64 

Hours 1 4.4 4.' 5.9 6.2 7.0 6.7 6.7 6.4 5.3 4.1 3.4 5 

()JAK OBS 
Langley 216 327 289 271 297 319 285 304 325 384 295 304 301 

Rainfall MM 691 105 405 96 81 21 0 '73 82 84 97 159 166 
Lanol ey 305 305 362 385 369 350 369 397 407 403 357 346 363 

C,, 

( KJPANG 
Percent 43 33 50 73 78 58 65 62 5? 65 58 38 567 

Hours 3.4 2.6 4 5.8 6.2 4.6 5.2 5 4.6 5.2 4.6 3 4.5 

Langley 306 339 391 406 439 365 375 373 461 465 395 337 388
 

MM Rainfall 458 562 206 34 1 0 1 0 0 0 17 234 126 

(® Jakarta Observatory hours and sunlight data for 1976 taken from RWference 5. All data is only for an 8 hour recording
period between 8 a.m. and 9 p.m. It is assumed that the percent of sunshine during these hours is reflective to the 
total percent during all sunlight hours. The number of hours figure under reports the actual number because there 
is frequently sunlight before 8 a.m. and after 9 p.m.
 

()Jakarta Observatory global radiation and rainfall data for 1976 taken from Reference 2. Also in the third row
 
1969 - 1978 averages from the same reference. 

(.! Kupang sunlight data for 1977 from Reference 5. 
•t)Kupang global radiation data for 1977 from Reference 6. 
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TABLE C-2 

Hours of Sunligqht Data for Selected Reportini Stations in Indonesia* 

Hours of Sunlight**Ordinal 	 Station 
_ 	 El ev. Ave. 

LowHi -____Name 	 M 

74 Jul . 31 Oct.2 94 Got Girek 	 25 62.3 
53.6 79 Jan. 	 36 Nov. 

-

76May 18 Oct.
2_50.6 
ThF Mrinat St. 	 -6 .- 80ODec. 30 Oct.10 58. 71 May 	 43 Sept.


-

-- 55.2 68 Aug. 46 June
 

32 
4 

113 Rias Toboal.. 6 61 - 7A 49 May 
Aug. 60 Ar.2__7.6__8 


W eNr IIIT Bfengk5ulu Pd. Geil-ing 15 68.4 -- 0May F.-~ 
35 	 _621 78 Ma 48 Oct.
 

8. -6-8 Ju I 50 Feb. 
-5 PVFeb.47 -19 -Geofisika BFadung 791 91.3 84 Jul 

_ _ _ 8 JU-1Y 29 Jan. 
- _ _ 

48.8 79 June 30 Feb. 
MPB 0-3 3. 95 Aug. 38 Feb. 

_ 

753- 37 5emaran 

71.6 -95 July 	 41 Jan. 

-67 " 

67.5 9--Aug.-3 Dec.-


-Vg ' 73 Karangkates 222 85.7- 100 Aug. 63 Dec.
 
- 87.2 99Aui. 76 Jan. 

667 97 Jui e 28 Jan.68 

-M-T_- - Rembga_' _210 03 75.8 90 Oc., 48 Feb. 
79. 89 Sept. 	 6j Jan.
123 


-... 6 1. 79 Jan. 7'FFeT. 

146 3f1 Ternate 33 66.1 30 May 44 Feb. 
-07 _______ 

72.8 34 Sept. -T8 -June
132 

63.7 	 76 Oct. 48 Jul
 

22 Feb.
62 
-13 

4 Jakarta -W0 61.8 91 July4TI 63.98 	 -87 Jun. 13 Jan. 
-79 Aug. 41 Dec.

____5_58.98 


113 148 S e Malan-Amiuntai 05 .59. 79 July 30 =e. 
8.8 75 May 42 Feb.
96 

124 17 "amasa Polinas . 1130 60.9 86 Sept. 43 Jan. 
riid 59.1 70 June 97 Jan. 

9_ __ 51.5 65 Aug. 35 Dec. 

T0W 142 Supadio-Pontainak " 033 62 76 Sept. 36 FeE 
I _5j 57.7......74 July I Feb. 

1969, 1970 and 1971 data taken from Reference 2 and Station Locations are
 * 

shown on Map C-1.
 
6 PM) during which the sun shines.
•* The percent of the hours of the day (8AM 

•** 74 July indicates the highest average percent and the month inwhich it occured.
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A SAMPLE OF 1IDiO SPEED DATA FOR VARIOUS LOCATIONS IN INDONESIA (1977)0 

MEAN MIND SPEED (VaIhr) MAX VIM 

STATID11S 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC (SAEhr) 

ACEH 

W)RTII SUATERA 

WE(.T SURTERA 

SOUTh ':KIATERA 

WEST JA.% 

JAKARTA 

CEINTRAL JAVA 

EAST JAVA 

EAST KALIMANTAN 

LALI 
SOUTH SULAWESI 

CENTRAL SULAWESI 

IORThI SULAHIESI 

WEST 1IJSATENGGARA 

HALUKU 

: Blang81ntang 

: Pinanguort 

: Tabing 

: Pangkalpinang 

: Atang Sonjaya, Bogor 

: Jakarta Obe 

: Somarang Maritim 

: Iswahyudi 

: 8alikpapan 

: Denpasar 

: Ilasanudin 

: Palu 

: malmnget 

: Sumbawa 

: Ternate 

12.9 

9.26 

7.41 

14.8 

9.26 

9.2 

18.5 

14.8 

7.4 

12.9 

5.56 

9.2 

11.1 

14.8 

12.9 

12.9 
12.9 

9.26 

12.4 

9.2 

9.2 

22.2 

12.9 

7.4 

14.8 

7.4 

9.2 

9.2 

14.8 

11.1 

10.8 

11.1 

7.41 

14.8 

9.2 

9.2 

16.6 

14.8 

7.4 

7.4 

5.5 

9.2 

12.9 

16.6 

12.9 

11.1 

11.1 

7.41 

11.1 

9.2 

9.2 

11.1 

14.8 

7.4 

11.1 

5.5 

9.2 

12.9 

12.9 

11.1 

11.1 

11.1 

7.41 

11.1 

7.4 

9.2 

11.1 

14.8 

9.2 

14.8 

3.7 

9.2 

9.2 

14.8 

9.2 

12.9 

9.26 

7.41 

11.1 

9.2 

9.2 

-

20.4 

9.2 

16.6 

5.7 

7.4 

11.1 

12.9 

7.4 

14.8 

11.1 

7.41 

16.6 

9.2 

9.2 

12.9 

31.5 

14.8 

20.3 

5.5 

7.4 

16.6 

16.6 

12.9 

14.8 

9.26 

7.41 

16.6 

9.2 

9.2 

12.9 

33.4 

12.9 

16.6 

7.4 

7.4 

16.6 

14.8 

12.9 

14.8 

9.26 

7.41 

14.8 

18.5 

9.2 

16.6 

31.5 

14.8 

14.8 

7.4 

9.2 

14.8 

14.8 

14.8 

11.1 

9.26 

7.41 

14.8 

9.2 

9.2 

16.6 

33.4 

11.1 

9.2 

9.2 

9.2 

7.4 

16.6 

11.1 

11.1 

9.26 

7.41 

9.2 

9.2 

7.4 

14.8 

22.2 

9.2 

7.4 

9.2 

9.2 

9.2 

16.6 

11.1 

12.9 

9.26 

7.41 

9.2 

7.4 

7.4 

11.1 

14.8 

9.2 

7.4 

5.5 

9.2 

7.4 

14.8 

14.9 

74.12 

10.76 

61.85 

37.06 

51.9 

37.06 

55.6 

66.7 

46.32 

55.6 

63 

55.6 

48.2 

55.6 

40.76 

*Reference 16 

(To convert trca Y/hr to : a:mltiply by 0.28) 
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APPENDIX D
 

WIND AND SOLAR DATA SOURCES 

1. Statlstik Indonesia, 1978/1979, Biro Pusat Statistik Jakarta.
 

* Tables on mean duration of sunshine inpercent and average and
 
maximum wind velocity in selected places. 

2. Solar Radiation Data, Pusat Meteorologi dan Geofisika Departemen
 
Perhubungan Jakarta.
 

* 	 Solar Radiation Data Place Dates 

1 Jakarta 1964-1968 
3 Jakarta 1969-1971 
4 Denpasar 1969-1973 
5 Jakarta 1972-1976 
6 Kupang 1972-1976 

3. Meteorological Data of Indonesian Aerodromes, 1966, Ministry of 
Communications, Meteorological and Geophysical Institute, Jakarta, Indonesia.
 

Tables showing frequency of surface winds and horizontal visibility;
 
low cloud height; present weather and simultaneous occurance of
 
clouds for 54 airports in Indonesia.
 

4. Sutrisno, C.Meteorological Note Number 5 Montaly mean resultant winds 
over Indonesia and other South East Asian regions, Departemen Perhubungan,
 
Direktorat Jendral Perhubungan Udara Direktorat Meterologi dan Geogisika
 
Jakarta, Indonesia, 1966.
 

* 	Maps of Upper wind velocities over Indonesia at 5,000; 1,000; 2,000
 
and 3,000 feet above sea level.
 

5. J1. A R Hakim Number 3, Data Iklim di Indonesia, Departemen Perhubungan
 
Pusat Meterologi dan Geofisika Jakarta, 1971, 1972, 1973, 1974, 1975, 1976,
 
and 1977.
 

e Temperature, rainfall, sunshine, pressure, relative humidity, wind
 
velocity (mean and maximum)and prevailing wind direction data for
 
all climatological stations in Indonesia (approximately 150 in 1977).
 

6. M Pardede, Pengumpulan Data Intensitas Radiasi Matahari Dibeberapa
 
Tempat Di Pulau Jawa, Pusat Riset Dirgantara Lemtaga Penerbangan dan
 
Antariksa Nasional, Lokakarya Pengembangan Energi Noti Konvensional, Jakarta
 
28-29 Januari 1980.
 

e 	Summary of solar radiation data from Jakarta, Lembang, Kupang and
 
Bandung
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7. Paragtopo & Harsono, Correlation of Diffuse Solar Radiation Distribution 
wltn Climate Characteristics in Indonesia, a paper submitted to the Symposium 
on Solar Science and Technology, Bangkok, Thailand, 25 Novenber - 4 December 
1980. 

I 	Calculations of diffuse solar radiation and clearness index from
 
total solar radiation data for various stations in Indonesia using
 
a theoretical model developed by Collares-Peretra & Rabl. 

8. Harahap F., Lubis S., Malik F., Kamsar, I. J. S. and Suwono A., 
Kegiatan Pengumpulan Data Energi Radiasi Surya, Pengujian Peralatan Perman 
Faatn Ya dan Program Pemet" n Intensitasnya, Lokakarya Pengemgangan Energi 
non Konvensional, Jakarta, Z8-29 Januari 1980. 

* Solar radiation data collection activities of ITB Including a iso 
intensity solar radiation map of Java using actual and calculated
 
data. There isalso information on heating, drying and photo
voltaic projects and measurements.
 

9. Laporan Kegiatan Penelitan dan Pengembangan Helioteknologl (Tenaga
 
Radiasi Matahari), 1979, Laboratorium Helioteknologi Departemen Fisika
 
Teknlk Fakultas Teknologi Industri Institut Teknologi Bardung, 1979.
 

e 	Summaries of studies, senior papers and published thesises on solar
 
measurements, instrumentation, technologies and research project
 
results. (Some information in English.)
 

10. Conclusions, 1980, Energy Workshop, World Energy Confereruce --
Indonesia National Committee, Jakarta, 17-18 April 1980. 

11. Sastroamidjojo, Dr. M. S. A., Large Scale Electric-power Generators 
using solar energy for intermediate industries and rural development in
 
Indonesia (a paper translated from Indonesian).
 

12. Sastroamidjojo, Dr. M. S. A., A Multipurpose solar air dryer for 
research and development, Solar Energy Research Center, Gadjah Mada
 
University, Yogyakarta, Indonesia. 

13. Preliminary Planning Study for Puspiptek Energy Research Laboratory, 
Report of US DOE Team, Office of International Affairs, July 1980.
 

14. Universitas Diponegoeo, Solar Water Heater, a discussion and plans for
 
construction. 

15. Harsono,A. & Parangtopo, Correlation of Diffuse Solar Radiation
 
Distribution with Climatic Characteristics in Indonesia, An Abstract,
 
October 1980.
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16. Djojodihardjo, H., Some Observations on the Prospect of Wind Energy 
Utilization in Indonesia. A paper to be presented, 7th General Assembly, 
World Federation of Engineering Organization, Jakarta, 16-17 November 1979. 

17. Solar Radiation Measurements in the Netherland Indies, Volume #37,
 
Departemen van Verkeer, Enorgie en Mijnwezen, Meteorologische en Geophysicscho
 
Dienst.
 

18. Prasetyo, Heru, "The Feasibility of Manufacturing and Marketing Solar 
Hot Water Heaters in Indonesia," an MS Thesis at the Asian Institute of 
Management in the Philippines, 1978.
 

19. Power Supply Statistics for Indonesia, PLN Annual Report, 1980.
 

20. Going With The Winds, EPRI Journal, Volume 5,No. 2,March, 1980, p. 11.
 

21. Statistical Abstract of Indonesia, 1980.
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The significance of the conclusions of this report for Indonesian 
Energy Policy and Planning is covered briefly inthe last chapter of the 
report. In summary it is not likely that solar and wind resources will 
supply even 0.1 percent of the total year 2000 energy demand. However, if 
demand isdisaggregated into regional and economic sector components, the 
impact of solar and wind can be greater. Also, the total amount of the solar 
energy available for development dwarfs any of the other sources of energy 
supply. As capture and conversion technologies become more efficient and 
economical, the potential impact of solar and wind will increase. It is in 
the decades beyond 2000 which solar and wind can make their major impact on 
the overall energy supply picture. The steps recommended in this report will 
allow this to happen without delay. 

The benefits derived by Indonesia from this project depend on how the
 
results are used. This was the first and a necessary step in the develop
ment of solar and wind resources and, if successful, itwill cause other
 
steps to be taken. Hopefully the study will cause the government to
 
immediately focus on planning and resource evaluation. The importance of the
 
findings are as follows:
 

1) An initial estimate of the importance of solar and wind
 
energy by geographic region and economic sector has been
 
provided.
 

2) Solar data previously not commonly heldhave been described
 
inone place.
 

3) A description of the many ongoing research activities has
 
been developed and the location and names of investigators

have been assembled. 

4) A program and prioritics for government action have been
 
developed.
 

5) DJK staff have been introduced to solar and wind planners
 
and researchers in all areas of Java.
 

It has been difficult to develop specific market penetration estimates
 
or solar and wind resource use because:
 

A) Energy use in specific economic sectors and geographic
 
regions is not known.
 

B) Solar and wind resources are not being used to any
 
extent now.
 

A possible critique of the overall project could be that not enough
 
emphasis was placed on defining existing energy supply and demand. This is
 
not a critical drawback and is probably only important to the renewable energy
 
sector. If this information is provided as a part of a near term study it
 
should not adversely affect the utilization of solar and wind.
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A general recoinmendation for future activities is that solar and wind 
efforts be coordinated with other renewable energy programs, especially 
biomass and microhydro. There isonly a limited amount of money and tech
nical ability for the renewable energy sector and it is important that it
 
is applied most appropriately. One way to assure a reasonable apportion
ment of funds and efforts is to coordinate the overall renewable energy
 
program. Because DJK has been designated as the overall planning agency
 
inthis area, Itwill be relatively easy to deal with planning. The major 
problem will be incoordinating and influencing the actiors of other 
agencies, i.e., seeing tnat planning is implemented. 
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