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I. INTRODUCTION
 

Indonesia is 
fortunate among the developing nations of
the world. 
 Its 3,000 inhabited 
islands contain a reservoir

of natural and human resources That should be the envy of
less favored parts of the earth. 
 No survey has yet fully
counted the wealth -inminerals, forest, water resources,

and agricultural land that is untouched.
 

For all its undeve'.oped wealth, Indonesia's people
as a whole have not shared in the benefits. Annual per ca­pita gross domestic product in 1975 was 
estimated at only
55,800 rupi.ah or US$135 (expressed in 1973 prices).
 

Nearly 80% of the population of 130 :nillion depend on
farming and other rural based activity, yet this 
is where
the most widespread poverty is 
found. 
 Almost two-thirds
of the Indonesian people live on the island of Java which
 
represcnts only 7% of the total land area.
 

Fewer than one out of a hundred rural families has
electricity, in contrast to Jakarta where 24 out of 100
households use electricity. 
There is a low availability of
electric service even in the cities considering the nation's

fossil-fuel and hydro 
resources for power development.
Including the kilowatt-hour consumption of large industries
and public facilities, the per capita consumption of elec­tricity in Indonesia amounted to only 17 kwh per year in
 
1973.
 

This is in contrast with:
 

Kwh Used per Capita per Year
 

U.S.A. 
 7,100

Japan 
 4,800

Taiwan 
 1,000

South Korea 
 440
 
Malaysia 
 440

Philippines 
 300
 
Thailand 
 140
 
Laos 
 7
 

The experience of developed nations in every part of
the world shows that electric power is one of the basic re­quirements for increasing industrial production, for boost­ing agricultural yield, for establishing the network of
communication which can hold a developing economy together,
and for satisfying the need for improvement in the living
standard for a growing population. Fortunately, it has
been demonstrated that the rural poor 
can afford electric
 



light and power if made available by well managed distribu­
tion systems. And when the rural poor have electricity, the
 
improvement in their level of living benefits the whole
 
nation.
 

In the rural electrification program in the United
 
States of America after 1935 this lesson in rural develop­
ment was well learned. More recently and much closer to
 
Indonesia, the Government of the Philippines is using nation­
wide rural electrification as a key developmental program
 
with positive results showing even in the first several years
 
in terms of higher yields of rice from supplemental pump
 
irrigation, more jobs from new industrial production in rural
 
towns, and general improvement in the quality of life for the
 
rural poor. A survey just completed in northern Mindanao in
 
the Philippines lists small medical clini-s, pumped water
 
supply, fuller use of schools, better protection from fires
 
and crime, and opportunity for evening recreation as positive
 
benefits. Surveys of people's attitudes reveal that consumer­
owned electrification has brought hope and human dignity to
 
replace the despair of rural poverty.
 

Population studies indicate that approximately 50% of
 
the Indonesian population is age 15 or younger. The expanding
 
educational system and improved communication may raise the
 
level of expectations of the new generation. The result could
 
be dissatisfaction with conditions as they existed in rural
 
areas for centuries and increasing exodus to the already over­
crowded cities. Expanded rural electrification can do much
 
to offset this.
 

The Government of Indonesia has been exploring ways to
 
bring a better way of life to the broad masses of people who
 
have been existing from day to day without the advantages
 
found among the more fortunate. One of the basic objectives
 
of Repelita II (the Indonesian Government's second 5-year
 
program) is to raise the standard of living of the people.
 
Electricity is recognized as one of the causative factors
 
that promotes development through better use of natural and
 
human resources. If such a program is to benefit the rural
 
poor, electricity must be available to consumers at a month­
ly cost they can afford and without payment of a connection
 
charge.
 

A program of rural electrification must be considered
 
in harmonious relationship with other infrastructure programs:
 
irrigation, roads, marketing. It must be placed in the hands
 
of an agency which has adequate authority and enough trained
 
manpower to carry out the assignment. Financing for the pro­
gram must be assured on a continuing basis. Planning and
 
scheduling must be initiated early and maintained with
 
sufficient lead time at all stages so as to equate achieve­
ment with promises and so as to avoid costly delays or
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bottlenecks during the engineering and construction stages

of system development. Sufficient technical assistance,

auditing controls, and management guidance must be provided

at local project operational levels to 
assure (1) financial

viability for the system and 
(2) adequate 24-hour service
 
at ti'e lowest possible cost to rural 
consumers.
 

Such a development program can be expected to call
 upon some of the best engineering and management personnel

available in Indonesia. Understanding of program objectives

should be required at all levels oZ leadership in order to
win the wholehearted support essential to the 
success of
 
any local cooperative electric distribution system. A large­
scale training program would have to be mounted to develop

leaders who understand the objective of low-cost areawide
electric coverage, a consumer-owned cooperative approach,

if this is 
to be used, and service orientation with devotion
 
to efficient operations.
 

This Report describes a program of rural electrification

which its authors believe can be mounted successfully in

Indonesia. 
 It suggests a phased program beginning in 12 sub­provinces. 
 It describes a national organization to supervise

the program, and uses 
two model areas to outline how the
 
program would be carried out at the local level. 
 It dis­
cusses costs and benefits. Attachment 1 deals in a prelimi­
nary way with the questions of ability of low income farmers
to afford electricity, and of financial impact of rural elec­
trification on the national budget and the overall power

program. 
Both questions are answered poqitively.
 

Both low-interest, long-term loans and technical

advisory services will be needed. The cooperatives cannot

be expected to 
service loans on terms more stringent than

currently provided by the U.S. Agency for International
 
Development and the soft loan window of international banks.
Any higher interest rates would require subsidy by the
 
Government of Indonesia. It is assumed in any event that the
 
Government of Indonesia would provide low-cost financing for

local currency costs of the program in the 
form of equity

>,7i:ticipation through capital suscription in the national
 
administrative agency.
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II. SUMMARY AND RECOMMENDATIONS
 

Status uf Rural Electrification.
 

The Republic of Indonesia's List of Project Aid Pro­
posals for FY 75/76 calls for a study of prospects for ex­
panding rural electrification as a means of providing a
 
more equitable distribution of goods and services for the
 
rural population.
 

A few small cooperative projects for rural electri­
fication have been carried out in areas outside the net­
work of the State Electricity Enterprise, Perusahaan Umum
 
Listrik Negara (PLN), and at least one province has under­
taken to launch its own small-scale projects for rural
 
electrification.
 

These systems draw power from small diesel and hydro
 
powered generators. The enthusiasm manifested by villagers
 
for even such limited service and costly sources of electri­
city reinforces the timeliness of efforts to expand and
 
improve electric service at the farm and village level.
 
Present plans of PLN do not provide for rapid extension of
 
service to villagers.
 

The decision of the National Economic Development
 
Planning Board (BAPPENAS) to investigate the possibilities
 
of expanding rural electrification activities is therefore
 
quite timely. This is especially true given the heavy
 
investment already made and continuing to be made to provide
 
for an inter-connected power grid on the island of Java
 
and the opportunity this provides to develop a comprehensive
 
network of local distribution systems in which existing
 
microhydro and diesel generation is related most efficient­
ly to central station power.
 

Offer of Pre-feasibility Study.
 

Based on recent successes with rural electrification
 
programs in other countries and in line with the mandate
 
of the U.S. Congress to concentrate the resources of the
 
Agency for International Development toward improving the
 
lot of the rural poor, the USAID made an offer to the
 
Chairman of BAPPENAS on November 10, 1975, to sponsor the
 
proposed pre-feasibility study.
 

The offer was to provide a team from the National Rural
 
Electric Cooperative Association (NRECA) to make the study.
 
The NRECA is a non-profit organization in the private
 
sector of the U.S. economy, representing nearly 1,000 rural
 
electric cooperatives. These are financially sound systems
 



II 

serving 8 million member-consumers. The Study Team would
 
survey prospective sites with the idea of producing

pre-feasibility proposals for electric power distribution
 
systems in selected areas, and of proposing an institutio­
nal structure for administration of what hopefully could
 
become a nationwide program.
 

The offer of the USAID was accepted on November 21,

1975, through the Minister of Manpower, Transmigration,

and Cooperatives; and the Director 
General for Cooperatives
 
was appointed as the Indonesian coordinator for the study.
 

NRECA Study Team.
 

A four-man team arrived in Jakarta to begin work on
 
February 9, 1976, 
after a brief stopover en route to observe

the Philippine rural electrification program. A fifth
 
member joined the team on March 1. While the principal
 
point. of coordination continued to be the Directorate
 
General, for Cooperatives, close contact was maintained
 
throughouJt the study with the Directorate General for Elec­
tric Power and the, PLN in the Department of Public Works
 
and Electric Power and with the Directorate General for
 
Rural Development in the Department of Internal Affairs.
 

The team traveled to seven provinces in their survey

of rural areas in Indonesia and into parts of at least 35 
different kabupaten*. The trips were coordinated through
provincial governors, and local officials were contacted 
whenever possible.
 

Sixteen different general areas were identified as

promising sites for further consideration if the Phase I
 program recommendations (see Chapter V) should be adopted.

No attempt was made to define the precise geographic boun­
daries of any future cooperative. Two areas were studied
 
more closely so that the models described in Chapter IX

could be constructed. The models are 
for the purposes of

illustration only and are not intended 
to be a recommen­
dation as 
to where any cooperative should be established.
 

Rural electrification is greatly needed throughout

Indonesia for all the people, and much further study should
 
go into the selection of sites for initiating a program.

Full feasibility studies should be a pre-requisite to
 

*Administrative district below province level.
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establishing any rural electric cooperative. The partici­
pation and involvement of local people is important to
 
that process in addition to the assistance and support of
 
leaders in government at all levels.
 

The Team was encouraged throughout its work by the

keen interest at all levels in programs to expand electric
 
s;ervice to rural areas and to follow through on the commit­
ment of Repelita II* to improve the well being and produc­
tivity of the rural poor. Discussions with national and
 
local officials, at provincial universities, and with
 
private citizens indicated electric power to be a very high

c:conomic and social goal for the rural areas. 
The absence
 
of home lighting and economical power for local industry
 
was pointed out as one of the sharpest contrasts between
 
life for the rural poor and that of people in cities and
 
especially the well-to-do.
 

Conclusions Reached.
 

The Team concluded that conditions are favorable for
 
rather spectacular progress in rural electrification in
 
Indonesia. They were especially impressed with the nation's
 
great energy resources in potential large-scale hydro­
generating sites and fossil fuels, and by dense population

settlement patterns which should favor low-cost construc­
tion of distribution systems. The Team believes if its
 
recommendations are followed that the typical farm family
 
can receive electricity for home lighting cheaper than
 
current costs paid for kerosene!
 

Tl-re is reason to believe that electric service to
 
rural people can be achieved most effectively and with
 
greater benefit to the poor by member-owned rural electric
 
distribution systems operated as cooperatives -- provided

the cooperatives have access to long-term, low-interest
 
loans and to guidance and technical assistance from a
 
national administrative body established for that purpose.

The team was impressed by the strong philosophical commit­
ment to the cooperative approach at senior levels of
 
government as well as the spirit of gotong-royong** at the
 
village level.
 

* Second 5-year development program.
 
**Mutual aid community service.
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With this background and these approaches in mind, the
team recommends the concerned Indonesian agencies consider the
desirability of mounting a Phase I rural electrification
 

program of up to 12 initial local distribution systems operated
as consumer-owned cooperatives closely coordinated with and,
where feasible, drawing upon PLN central station power.
 

The Phase I program could be installed at a cost of some
1.66 billion rupiahs (US$4 million) per individual system,
or 
20 billion rupiahs (US$48 million) for 12 systems. If it
should be decided to 
locate a system in a remote location
where PLN power is not available and a diesel plant must be
installed, the system cost would approximate 2.5 billion rupiah
(US$6 million). 
 The very dense population clustering along
rural roads (625 per square kilometer average in Java) makes
the capital investment per 
consumer low in compariscn to other
countries with successful rural electrification programs.
 

The Team's recommendation should in no sense be considered
an offer by USAID to provide financial support for a rural
electrification program. 
It is rather a recommendation to
USAID and the Government of Indonesia which offers the possi­bility of being the basis for consideration of negotiations

for 
financing a rural electrification program.
 

There are also recuitutndations for creation of a national
body to administer the programs; 
for training activities keyed
to each skill needed; for financial criteria to 
assure via­bility of the overall proposal, 
as well as of the individual
cooperatives, and for technical assistance to help implement

the proposed program.
 

The team estimates the Phase I program should bring
electricity to homes occupied by 1.4 million people, half of
whom would be served in the first year as backbone lines are
installed, with the other half being connected over the next
5-10 years. 
 Among the most obvious benefits from rural
electrification would be jobs for additional people as 
local
industry develops, less costly power for 
irrigation pumps,
evening use of school and other buildings for education and
social :improvement purposes.
 

Should experience with Phase I justify expansion of the
program, a Phase II program to establish a backbone coopera­tive distribution system in more of Indonesia's 233 kabupaten
would be 4 logical follow-on development. The organizational

structure for Phase I has been proposed with this in mind.
Indonesia would then have the basic network in place for
steady expansion of electric power service to virtually all
its rural people over the succeeding years. It is noteworthy
that the Phase I program itself w' wd serve more rural
customers than are being served i
., all sources in 1976.
And the service would be 24 hours 
. day, adequate for the needs
 
of local industry.
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III. OBJECTIVES AND SCOPE OF STUDY
 

Data and recommendations in this Report derive from travel
 
to proposed sites for rural electrification projects, from
 
conversations and conferences with Indonesians at many levels,
 
and from best available statistics and other informational
 
sources.
 

Objectives and scope of the study are set forth in AID
 
Task Order No.2 (Project No. 498-11-995-249) substantially
 
as follows:
 

Objectives:
 

1. To conduct a preliminary reconnaissance study to determine
 
the potential for rural electrification, and to ascertain the
 
best approach to organizing and implementing a program of
 
rural electrification in Indonesia.
 

2. To investigate approximately eight areas (actually 16
 
were visited) selected in consultation with USAID and the
 
Government of Indonesia (GOI) and make prefeasibility studies
 
of four of these areas (actually two detailed studies have
 
been prepared) based upon criteria to be agreed to by NRECA,
 
USAID, and the GOI.
 

Scope of Study:
 

1. Appraise the overall social and economic effects a rural
 
electrification program would have on development including

agricultural productivity, agro-industries, and improvement

of living standards in rural areas.
 

2. Relate the U.S. experience in the establishment, develop­
ment, management and operation of rural electric systems to
 
the situation in Indonesia.
 

3. Appraise existing plans for rural electrification and
 
assess public and official attitudes toward such a program.
 

4. Analyze the economic, social, and political conditions
 
affecting the organization, operation, and financing of
 
rural electric cooperatives.
 

5. Determine the manner in which rural electric cooperatives

could contribute to the development of other cooperatives
 
such as credit unions and thus become part of a dynamic
 
cooperative program in the selected rural areas.
 

6. Investigate potential government support for the cooper­
ative approach to rural electrification and the extent and
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manner in which financing could be made available to cooper­
atives.
 

7. Gauge the degree of local support for rural electric
cooperatives, including financial support, which can be
 
expected.
 

8. Investigate approximately eight areas 
(actually 16 were
visited) where conditions 
seem most favorable for the estab­lishment of pilot rural electric cooperatives, and, using
criteria to be agreed to by the GOI, USAID, and NRECA, make
prefeasibility studies in approximately four areas 
(actually
two detailed studies have been prepared) taking into consider­ation such factors as the availability of firm power, economic
and social conditions of the people, availability of local
financing, and willingness of the people to provide self-help

participation.
 

9. 
Recommend suitable methods for establishing, supervising,
controlling and regulating rural electric cooperatives until
they can be operated on a sound and efficient basis by local
 
people.
 

10. 
 Determine the types of management, organizational, and
technical training which may be required and how such training
may be arranged to 
ensure the success of rural electric cooper­
atives.
 

The written Report contains findings on the matters listed
above, other pertinent information, and system design data.
 

The team also has made a series of presentations to offi­cials of the Government of Indonesia, reviewing the findings,
exploring alternatives, and determining key issues, prior to
 
preparing the final Report.
 

It should scarcely be necessary to observe that the most
important objective of all 
in making the study was to arrive
at a consensus which would be a program which Indonesian offi­cials and the people of Indonesia can adapt to their own par­ticular needs and to their own way of life. 
The consultants
on the Study Team agree in their belief that this must be an
Indonesian program from start to 
finish. 
Any rural electric
cooperatives which come into existence on these islands of
the Indonesian Archipelago will be owned by indonesians,
managed by Indonesians, serve Indonesians, and reflect
Indonesian needs and conditions, no matter what technical
assistance may be offered and accepted from managers, elec­trical engineers, and cooperative specialists from the rural
electric cooperatives in America or other nations.
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Locations Considered.
 

As the basis for gathering information needed and for
 
making recommendations, the team of consultants from the
 
U.S.A. visited the following locations:
 

Locations visited Province 

(1) Northern portion of Kabupaten Krawang West Java 
(2) Central portion of Kabupaten Purwakarta West Java 
(3) Eastern portion of Kabupaten Tangerang West Java 
(4) Area between Semarang and Demak Central Java 
(5) Area east of Wonosobo Central Java 
(6) Klaten and northeast of Klaten Central Java 
(7) Trenggalek East Java 
(8) Blitar East Java 
(9) Kediri East Java 
(10) Area east of Medan to Lubukpakam North Sumatra 
(11) Area between Lubukpakam and Porshe North Sumatra 
(12) Area between Pematang Siantar and 

Kabanjahe North Sumatra 
(13) Area northeast of Binjai North Sumatra 
(14) Area east of Bukittinggi West Sumatra 
(15) Bukittinggi to Padangpanjang West Sumatra 
(16) Padangpanjang to Padang West Sumatra 

Other locations recommended to the survey team which
 
were not visited due to lack of time included areas in
 
Aceh, Bali, South Kalimantan, and South Sulawesi. These
 
areas should be considered when further studies are made.
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IV. STATUS OF ELECTRIC SUPPLY IN INDONESIA
 

There can be no rural electrification program without
 
the necessary generating capacity. Power supply planning
 
goes hand in hand with the financing and construction of
 
distribution lines to serve Indonesia's population. It
 
is expected that most of the rural electric cooperatives
 
proposed in this study would purchase their wholesale power
 
requirements from PLN, the State Electricity Enterprise
 
(Perusahaan Umum Listrik Negara).
 

PLN.
 

Under a 1972 government regulation, PLN as a state-owned
 
enterprise reporting to the Department of Public Works and
 
Electric Energy has responsibility for generating, transmitting,
 
and distributing electric power in Indonesia. However, the
 
power facilities at the disposal of PLN are not at present
 
sufficient to meet expressed demand. In this situation, indus­
trial enterprises and individuals are allowed to build and
 
operate generating stations to meet their own needs, and in
 
some instances to serve nearby consumers. Generating plants
 
below 50,00 KVA can be licensed by PLN; larger ones require
 
approval by the Minister of Public Works and Electric Energy,
 
on PLN recommendation.
 

These so-called "captive" installations constitute an
 
estimated 40-60% of the total installed capacity of the nation.
 
It can be stated that these isolated privately owned facili­
ties are for the most part an expensive and uneconomic way to
 
supply electricity.
 

Generating Capacity.
 

PLN's total installed capacity amounted to 922 MW at the
 
end of 1975. This does not include the 125 MW Juanda hydro
 
station from which PLN buys power. This generating plant is
 
part of a multi-purpose installation operated by the Jatiluhur
 
Authority, an independent government-owned enterprise. In­
cluding Juanda, electric generation capacity is 43% hydro,
 
25% fossil-fueled steam, 27% diesel, and 5% gas turbine.
 

About 80% of Indonesia's installed capacity is on the
 
island of Java; 15% is on Sumatra, and the remaining 5% is on
 
other islands of the archipelago. Largest plant is the 150 MW
 
Tanjung Priok installation in Jakarta. The other plants are
 
widely scattered and some are quite small.
 

Actual generation (including purchases from Jatiluhur)
 
by PLN amounted to 2,932,00 MWH in 1973. Of this amount,
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52.8% was consumed in the metropolitan Jakarta area. Most
 
of the remainder was for other major cities. The rural
 
population get less than 1% of Indonesia's electric power.
 

Transmission Facilities.
 

Transmission facilities of PLN include about 3,000

kilometers of lines ranging from 25 to 150 KV, and about
 
1,350 MVA in combined transformer capacity. Transmission
 
construction now underway will establish a grid in Java.
 

Distribution System.
 

Electric distribution systems in Indonesia reflect
 
many different design and construction standards because
 
they were built over the years under a variety of financing,
 
ownership, and government controls. World War II and the
 
struggle for independence destroyed many lines, leaving them
 
to be rebuilt with whatever materials were at hand. Voltage

standards vary, but PLN has established nationwide standards
 
for new consti-uction and in the rehabilitation it is under­
taking in sonme of the cities. Inasmuch as rehabilitation
 
programs effect customer-owned appliances as well as the PLN
 
systcem design and construction, it may be many years before
 
all of the existing distribution systems are rebuilt. Con­
sideration of rural systems may be left to the Last.
 

New standards for distribution voltage levels are 6 KV,

10 K ', and 20 Ky. Service utilization are set at 220 volt
 
for sinqle-phase and 220/380 volt for three-phase.
 

Planned Exansion in Repelita II.
 

Repelita IT (Second Five Year Plan) calls for approximate

doubling of the generating capacity under PLN's control.
 
This would add 1,100 MW by April 1979. Planning projections

also call for 3,700 kilometers of transmission line to be
 
built, with 2,490 MVA of substation capacity. Projections

for distribution systems would add 8,500 kilometers of
 
primary and 11,000 kilometers of secondary distribution
 
lines,' with 1,880 units of distribution transformer mostly

in urban centers. Whe.n this planning was announced, the
 
investment cost fcr the 5-year period was estimated at
 
Rupiah 38J,000 million, of which about 64%/would be foreign
 
exchange (US$586 mil.ion).
 

Prospect for Rural Areas.
 

Very little of this would seem to be anticipated for
 
rural aro's. One report. published by PLN siays that "the
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development of rural electrification may be carried out by

constructing Microhydro Power Plants and Diesel Power Plants

and distribution substations tapping from the existing

network".* Another report** proposes Rupiah 1,639 million

(US$3.9 million) for a 5-year program of additional micro­hydro plants. Figures on cost per installation vary widely,

but the number of households which could be served over the
 
next 5 years would come out at roughly the consumer­
membership of one rural electric cooperative system in the
 
program recommended in this Report.
 

Most of the rural electrification projects visited by
the NRECA advisory team and all of those described in

conference presentations consist of a very small hydro or

diesel powered generator, with a low voltage line serving

approximately 100-200 customers. 
Service is provided for
 
lights during evening hours.
 

It is not practical to expand the size of the micro­hydro plants. Seasonal fluctuations in water flow at some

locations reduce the firm power capability considerably.

Probably these existing plants can be integrated into new

and larger systemo if an overall plan for expanded rural
 
electrification can be implemented. 
Maximum economic
 
benefits could then be realized.
 

A great number of small hydro sites appear to be

available in Sumatra. 
 It is possible that some of these

and others in the outlying islands may-prove practical for

development to 
serve small or isolated communities where
 
more economical central station service cannot be made
 
available in the the foreseeable future.
 

It seems obvious that the existing approach to rural
electrification will not get the job done. 
Taking another
 
approach, the projected expansion of generation stations

and transmission grid by PLN does suggest that power at
 
many locations can be available for allocation to rural

electric distribution systems by the time those systems

are built and ready for energization (2 or 3 years).
 

* Meeting the Public Power Sector in Indonesia, 1974,
 
Background paper 3, page 10.
 

**The Public Power Sector in Indonesia, 1974, Investment
 
Planning, page 34.
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Power Suppl 
Must Be Assured.
 

It 
seems equally obvious that in any program of rural
electrification availability of sufficient wholesale amounts
of power must be assured prior to project initiation.
There must be, then, substantial coordination and cooperation
between PLN and whatever agency of the Government of Indonesia
is charged with administration of the rural electrification
 
program.
 

To 
fully utilize rural distribution systems, there must
be assurances of sufficient resource potential for generating
the tremendous amounts of power which will be demanded
through the decades ahead. 
A study prepared for the National
Energy Seminar held in Jakarta in 1974 anticipates an installed
capacity of 64,000 MW for Indonesia in the year 2000.
 
Projected fuel or energy sourcf3 
for this total are


shown as follows:
 

Coal to produce 
 8,000 - 16,000 MW(12-25%)
Oil and natural gas to produce 12,000 - 39,000 MW(20-61%)
Nuclear energy to produce 
 15,000 - 25,000 MW(23--39%)
Hydro-generation 
 4,000 - 5,000 MW( 6- 8%)
Geothermal generation 
 500 - 6,000 MW( 1- 9%)
 
Such a level of energy source input would require produc­tion figures greatly increased over present levels. 
 Coal
production is reported at around 100,000 tons per annum and
would have to be increased to some 25 million tons per annum
by the year 2000. The share of generation allocated to oil
and natural gas fuels in this study would require 150 to 500
million barrels of oil per annum by the year 2000.
 

The above fragmentary statistics are 
included to indicate
the kind of considerations which are going to be needed at
the highest levels of economic planning in implementation of
and extensive rural electrification program as 
suggested.
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V. PROGRAM RECOMMENDATION 

Some Criteria for Program Consideration.
 

Experience with both pilot projects and proposals for

full-scale rural electrification in various countries has
 
yielded some criteria for estimating the prospects of
 success in advance of commitment. The following are some

initial considerations in making a determination about the
 
outlook for rural electrification:
 

(1) Does the country have energy resources for gener­ating the amount of electric power which will be required?
 

(2) Is there sufficient generating plant capacity in
existence, planned, or within the nation's capability?
 

(3) Is there a substantial rural population so situated

geographically that distribution systems could be constructed
 
economically?
 

(4) What is the threshold income that will determine
whether or not a rural family will become a consumer of
 
electric service and be able to pay for it? 
 Is there a
high enough percentage of the rural population above that

threshold income to make rural electrification feasible?
 

(5) Are there agricultural and other area resources

which could be sufficiently more productive by the appli­
cation of electric power to make the program worthwhile?
 

(6) Would electric service in rural areas result in job

and income-producing industries or businesses?
 

(7) Is there a minimum network of transportation

(roads, railroads, waterways) and communications to facilitate

the construction and maintenance of rural electric systems?
 

(8) Can the nation devote a large enough share of its
investment potential to the program within its overall
 
commitmei.c to economic and social development?
 

(9) Does the prospect for financial stability of the
nation in the years ahead appear to justify foreign loans on
 
low-interest, long-repayment-period terms?
 

(10) Are the prospects for political stability good?
 

(11) Do the nation's leaders and opinion makers evidence
 



28 

a commitment to the improvement of the living conditions
 
of the rural poor?
 

(12) Are there historical precedents or recognizable

social or cultural characteristics which suggest that rural
 
people will accept a pattern of consumer-owned cooperatives
 
and work together for their own mutual benefit?
 

(13) Is there justification for assuming that the
 
rural distribution system loans will be repaid to the
 
jovernment as scheduled?
 

Indonesian Conditions Appear Favorable.
 

The NRECA Study Team has concluded that the above
 
considerations can be satisfied and that conditions are
 
favorable for acceleration of the Government of Indonesia's
 
rural electrification program, provided several institutional
 
measures are undertaken and low-interest, long-term financing
 
becomes available.
 

In the next chapter, on "Economic and Social Assessment",

analyses in some detail spell out several factors which appear
 
to encourage this view and to support the recommendations
 
for a full rural electrification program.
 

The Team recommends establishment of a new, national
 
organization for administering and financing a phased rrogcran
to provide electric service to the majority of rural Indonesians 
over a 25-30 year period. 

It recom
struction of 

mends 
up to 

a 
12 

Phase I 
local 

program 
distribution 

to make loans 
systems in 

fur coiv 
sel ..', 

kabupaten, and that such systems be owned and opeiate-L :,',
their members as cooperatives, with strong support and,'. 
vision from the national agency. 

Steps Recommended.
 

Realization of such a program would entail the f Llowing
 
steps:
 

(1) Establish a top-level national agency to adminisLti­
the program. It should work in close harmony with PLN, the
 
Directorate for Cooperatives, and other concerned bodies au
 
the national, provincial, and local levels.
 

(2) Bulk power should be purchased from PLN whereVe,­
that is feasible. Wholesale power rates would need to be
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negotiated at close to the cost of power.
 

(3) Consumer-owned cooperatives should be organized

and chartered to provide rural electrification at selected
 
locations where a full feasibility study has indicated a
 
3ystem can be constructed economically and operated success­
fully. Ech would be a membership organization with its
 
own board of directors and general manager.
 

(4) Full system financing for construction and for
 
supplementing initial operations would be from the national
 
government agency, along with technical assistance and
 
suitable controls and auditing. Loans to the cooperatives

would be low-interest and long-term, with a grace period

before repayments start.
 

(5) Include a standard housewiring program to accompany

the cooperatives' sign-up drive for consumer-members. Provi­
sion for credit on easy terms should be a part of the house­
wiring package.
 

(6) The program would be financed in part by foreign

loans and in part by Indonesian funds, perhaps in approxi­
mately even sharing. The foreign loans would need to be
 
long-term, with a low rate of interest and a grace period.
 

(7) Technical assistance in rural electrification could
 
be furnished by a team of experienced advisors from countries
 
with a successful cooperative program.
 

(8) A Phase I program would include up to 12 rural
 
electric cooperatives to have backbone systems ready to
 
energize about two years after project initiation. The program

objective would be to have each cooperative serve a minimum
 
of 10,000 households and other consumers by the end of the
 
first year of operations, with the prospect of doubling that
 
figure later. The program expectation might be to have
 
8 of the initial 12 systems paying actual operating costs
 
(including cost of power) by the end of the third year. 
The
 
cooperatives should be meeting all interest and amortization
 
payments on their loans within 7-10 years of start-up.
 

(9) Success of the program will require a large and
 
continuous training schedule at all levels: within the
 
national agency, for the board, general manager, and staff
 
of each cooperative; and for the member-consumers. The bulk
 
of training must be performed in Indonesia rather than in
 
a foreign country.
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(10) Economies in engineering, construction, and
 
operation of the rural electric systems will require adher­
ence to predetermined standards and specifications for

design and materials. Construction economies are essential
 
if the cooperatives are to become financially sound businesses
 
while offering service at low rates. 
 Such standards and
 
specifications for systems in rural areas are already well
 
developed and field tested.
 

(11) Materials and equipment for the construction pro­
gram should be purchased by the national agency, warehoused
 
and issued to the projects as needed. This suggests a

"pipeline" of supply for economy and quality control.
 

Estimated cost for the proposed 12 cooperative rural
 
electrification systems would be Rupiah 20 billion 
(US$48

million), or Rupiah 1,66 billion (US$4 million) each. At
 
present prices and based on preliminary estimates, this
 
would construct a system with substation, primary and
 
secondary lines, transformers, service drops, and head­
quarters adequate to serve the power needs of small and
 
medium industry, irrigation and other agricultural uses,

and 10,000 households initially -- 20,000 later with addi­
tional investment of Rupiah 625 million (US$1.5 million)

in each system.
 

If a system is built in an isolated location where PLN
 
power is not available, approximately 830 million rupiah

(US$2 million) more would be needed to install a diesel
 
generating plant.
 

Each local distribution system would initially cover
 
several kecamatan* and bring home lighting to 60,000 people
 
-- 120,000 within 10 years 
(6 persons per household).

Phase I would therefore serve 1.4 million rural people

in 10 years -- considerably more rural people than enjoy

electricity from all programs to date 
-- and establish the
 
institutional base for accelerated extension of service to
 
other areas.
 

*Administrative district below kabupaten level.
 



RURAL ELECTRIFICATION 

-RECOMMENDATIONS 

o TO PROVIDE ELECTRIFICATION TO INDONESIAN VILLAGERS FOR: 
o SMALL INDUSTRY 
o AGRICULTURE 
o HOME AND OTHER USES 

o BY ESTABLISHING A NEW NATIONAL AGENCY TO PROVIDE LOW INT. LONG TERM LOANSAND TECHNICAL ASSISTANCE TO 
0 LOCALLY OWNED AND OPERATED ELECTRIC COOPERATIVE DISTRIBUTION. SYSTEMS 
o PURCHASE POWER WHOLESALE FROM PLM 
o INITIATE 12 ELECTRIC COOPERATIVES COSTING APPROX. $ 4 MILLION (Rp. 1,660 MILLION)

EACH 
o INITIALLY SERVING 120,000 CONSUMERS -BRINGING HOME LIGHTING TO 3/4 MILLIONPEOPLE WHICH SHOULD BECOME 1' MILLION IN 10 YEARS 
o MEETING OPERATING EXPENSES 2 YEARS AFTER ENERGIZATION 
o ABLE TO BEGIN REPAYMENT OF LOAN IN 6-10 YEARS o POSSIBLY EXPANDING TO MORE THAN 200 COOPERATIVES WITHIN 20 YEARS PROVIDING

24-HOUR, LOW COST ELECTRIC POWER TO AREAS IN EACH KABUPATEN. 

OME 
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VI. ECONOMIC AND SOCIAL ASSESSMENT
 

The recommendations in Chapter V are based on a finding
 
that Indonesia has the capability of generating sufficient
 
electric power for its total needs (see C>apter IV), that
 
the benefits of area-wide rural electrification are worth
 
the costs (see Chapter XV), and that the economic and
 
social assessmentsof such a program are favorable. This
 
part of the Report addresses itself to this assessment,
 
and a more detailed analysis appears as "Attachment 1.
 
Economic Annex".
 

Threshold Income.
 

Threshold income, or the point at which the rural
 
family feels it can afford to sign up for electric service,
 
is important in estimating how many consumers the distri­
bution system can count on having to the kilometer of line
 
it constructs. The more households connected per kilo­
meter of line, the lower the investment cost per consumer -­
and ultimately, the lower the retail charge for electricity
 
to the consumer.
 

Based on comparisons with the Philippines and El
 
Salvador, where the threshold per capita incomes for rural
 
electrification consumers are the equivalent of US$1.69
 
(Rupiah 700) and US$2.89 (Rupiah 1,200) monthly, it can be
 
estimated that the threshold income level in Indonesia will
 
be about US$2.89 (Rupiah 1,200) monthly. This estimate
 
is based on an assumed monthly family income for six
 
persons of US$17.34 (Rupiah 7,200) of which there would be
 
an electricity charge of US$1.20(Rupiah 500)/monthly, minimum
 
per family connection (equivalent to 15 kwh/month at an
 
estimated price of US$.08 or Rupiah 33.2/kwh). Over 90% of
 
the rural Indonesian population have incomes in excess of
 
this US$2.89 (Rupiah 1,200) level.
 

The Cost of Lighting.
 

As a further indication of the ability of the rural
 
population to pay for electricity, it is useful to compare
 
the cost of electricity with what is currently being spent
 
on kerosene for lighting. The average rural family consumes
 
16.2 liters of kerosene monthly at a cost of US$1.56
 
(Rupiah 648) (equivalent to US$.26 or Rupiah 108 per capita)
 
almost exclusively for lighting and representing about 3%
 
of its income. With electricity, the same amount of light
 
could be provided with about 10 kwh of electricity at a
 
monthly cost of US$.80 (Rupiah 332) per family (US$.133 or
 
Rupiah 55.3 per capita).
 

http:US$17.34
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This is about half what is currently being spent on
kerosene. 
Indeed the net savings on average lighting

expenses alone would pay the estimated $24 cost of house
wiring in about 2 years. 
 If a minimum monthly electricity

charge of US$1.20 (Rupiah 51." per connection is assumed,

and given the fact that use 
 , ki:rosene for lighting
decreases as per capita incoire 
decreases, then it can be

estimated that at all per c'pi, 
 income levels above

US$6.75 (Rupiah 2,800)/month, a switch to electricity would

reduce consumer lighting expenditures. About 55% of the

Java rural population have incomes at or above this level.
 

In summary, over 90% 
of the rural population have
sufficient income to afford minimum electricity consumption.

Fifty-five percent could probably reduce their lighting

expenditures by switching to 
electricity from kerosene.
 

Serving the Rural Poor.
 

It is also important to estimate how broad a spectrum

of the Indonesian income distribution the consumers of rural

electrification are 
likely to represent.
 

Based on comparisons with El Salvador and the
Philippines, it appears probable that the median per capita

income for consumers of electricity in rural Java will be
about US$8.92 (Rupiah 3,700)/month. This corresponds to'the

income that is estimated to be required to provide a mini­
mally adequate level of nutrition. Two-thirds of the rural

Java population have income at or below this level. 
 Based
 
on the above it 
is apparent that the bulk of the consumers
 
of electricity will be among the rural poor.
 

This satisfies the inquiries of financing institutions
which would provide concessional loans only on the rationale
 
that the funding will go into development which substantially

benefits the rural poor.
 

Kerosene vs. Electricity.
 

It has been found that the rural household's first
 use of electric service is for lighting. Other uses come

later. It is worthwhile, then, to explore the economic

savings of switching to electricity in place of kerosene for
 
lighting.
 

A pressurized lantern requires one liter of kerosene

for 6 hours of operation. The economic cost of this kerosene

is US$.17 (Rupiah 70). This includes a US$.072 (Rupiah 30)
indirect subsidy provided by the government. The following

table shows the actual cost of kerosene:
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Rupiah U.S.
 

Indonesian wholesale price 
 18/liter .043/liter

Indirect subsidy 
 30/liter .072/liter

True economic wholesale price 48/liter .116/liter

Distribution and marketing 
 22/liter .053/liter

Economic retail cost 
 7-O/liter .17/liter
 

A kerosene lantern of this type provides illumination

approximate to that of two 40-watt florescent lights. 
The

economic cost of providing electricity for these lights for
 
an equivalent period is only US$.055 
(Rupiah 23), on the
 
basis of estimates already cited.
 

Diversity of Electrical Load.
 

No distribution system could survive as an economic
entity if it depended on household lighting alone. It would

scarcely amount to a minimum billing of 15 kilowatt hours
 
a month and would be entirely confined to the evening hours.
 
This would leave the distribution system with an uneven and
 
more expensive loading. 
 Even more widespread household
 
consumption, such as an electric iron, pump for running water,

refrigerator, fan, or radio would not change the system's

load factor much. 
Other types of electric consumers are
 necessary to balance the load and get more economical use

of the capital invested in the distribution system.
 

It is imperative that the cooperative provide service

for off-peak uses such as 
street and security lighting during
the night, pump irrigation, and industrial-commercial loads

such as rice and corn mills, ice plants, refrigeration for

food stores, and a variety of handicraft and processing

enterprises. Development of such consumers for connection
 
to the rural distribution system not only helps the coopera­
tive's operating feasibility, but has economic and social

benefits for the people in the communities served. Power
 
use development, therefore, must be an 
important component

of rural electrification.
 

Site Selection.
 

The locations selected for rural electric cooperatives

should be those in which varied kinds of power load can be

developed, so far as possible. 
This is why full feasibility
studies need to precede the organization of any cooperative
 
or the approval of any loan by the goverfiment agency for
 
rural electrification.
 

Site selection would consider such factors as:
 

-- Economic feasibility -- a mixture of farm families

and some in the communities who are tradesman, workers,
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professionals; varied income levels but including the low­income families; crop land or other resources which can be
developed further by use of electricity; opportunity for
small industry development; potential street and security
lighting; community water supply pumping, schools, clinics,

shops and other diversified loads.
 

A definable area, with political or geographical
 

boundaries.
 

-- Population of from 100,000 to 500,000 people. 

-- Roads, waterways, or railroad for transportation. 

-- A source of wholesale power supply. 

-- Some common community identity -- cultural orlingual bond; 
evidence of other cooperative or group

participation activities.
 

Assurance of support from local officials.
 

It might be advisable to include among the selected
initial projects a variety of locations, population sizes,
economic levels, and anticipated operating conditions, so
 as to 
furnish base data for comparison in starting later
projects. Some useful experience could be obtained, for
instance, by building one of the initial systems around a
diesel generator plant for power supply in an area where no

PLN wholesale power can be obtained.
 

Economic Costs of Rural Electrification.
 

The economic costs of rural electrification can be
considered to include the consumer's investment in house­wiring, the costs of distribution, bulk power purchases
(which include appropriate capital charges for generation

and transmission investments), 
and operation and maintenance
 
of the rural electrical system.
 

Distribution investment per consumer served is a function
of construction costs per kilometer, population density, and
the percent of the adjacent population who become consumers.
Because of the much greater population density on Java, it
is estimated that distribution investment per connection on
Java will be one-half that required in the Philippines -­even with conservative estimates for construction costs and
the percent of the population who become consumers. It is
projected that distribution investment will average about
US$180 (Rupiah 74 ,700)/connection. Housewiring costs will
equal about US$24 (Rupiah 10,000)/connection.
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Bulk power purchases are assumed to cost US$0.04
 
(Rupiah 16.6)/kwh at present prices. 
 For the economic
 
assessment, an additional US$0.015 
(Rupiah 6.225)/kwh was

added to correct for the current subsidy on petroleum fuel
 
PLN is receiving.
 

For the purpose of the assessment, the economic
 
benefits of rural electrification are considered to consist
 
of two components. One component is the value of kilowatt
 
hours sold at the projected market price of US$0.073 to
 
US$0.08/kwh (Rupiah 30.3 to 33.2/kwh). 
 The range is
considered an appropriate, indeed probably a conservative,
 
measure of the economic value of electric power given the
 
fact that many of the rural systems in the Philippines

charge more than this and that PLN currently charges

US$0.06/kwh (Rupiah 24.9) in many areas of Indonesia and is
 
unable to meet the demand at that price. The second com­
ponent of benefits is the economic savings of using elec­
tricity rather than kerosene for lighting.
 

Although lack of data precluded their inclusion in the

preliminary economic analysis, at least two other benefits
 
are of potentially major significance. It is generally

agreed that Java is confronted with an increasing and
 
alarming soil erosion problem because of the heavy use of
 
forest cover for firewood. The use of electricity for house­
hold rice cookers could reduce the current consumption of
 
wood for cooking.
 

Another potential benefit, described in more detail in

other sections of the Report is the decreased cost and in­
creased efficiency of electric motors powered by central
 
station service in place of individual diesel engines. This

has special importance to commercial and industrial enter­
prises such as rice mills, ice plants, and the larger shops.
 

Based on the above estimates and the detailed projections

made for load growth and operation and maintenance costs,

the economic internal rates of return for the two illustrative
 
projects examined in Chapter IX of this Report are 
25% and
 
30%. Even with a one-third reduction in projected load

growth, the internal rates of return would be 20% and 23%
 
-- still very satisfactory.
 

Attachment 1 contains preliminary projections of the

magnitude of financing that might be available for rural

electrification in the future. 
 Based on the assumptions

in Attachment 1, it is estimated that such financing (for
associated generation and transmission investments as well
 
as rural distribution) might reach annual rates of US$160
 
million (Rupiah 66.4 billion) in 1985 and US$540 million
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(Rupiah 224.1 billion) in 1995.
 

The average investment required per rural electric
 
consumer is estimated at:
 

US$ Rupiah
 

Distribution 
 180 74,700

Generation 
 166 68,890

Transmission 
 34 14,110

Total 
 380 157,700
 

This data indicates that financing may be available for
the adding of up to 400,000 new rural consumers in 1985 and
 
up to 1.4 million in 1995.
 

Under this set of assumptions, 8% of the rural
 
population would have electricity by 1985 and 45% by 1995.
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VII. PROGRAM AUTHORITY AND AGENCY
 

Consideration of PLN.
 

Since 1972, PLN (the state-owned electricity enterprise,
 
Perusahaan Umum Listrik Negara) has had authority and res­
ponsibility for all generation, transmission, and distri­
bution of electric power. Created in 1965, PLN has taken
 
over an assortment of privately owned systems which served
 
at various points on the main islands. PLN issues permits
 
for operation of a considerable number of plants which
 
serve a single industry and in some instances a few nearby
 
consumers. The Government agency controls all rates and
 
service conditions for electricity sales throughout the
 
country. It does the planning, construction, and operation
 
for the entire industry with the exception of the so-called
 
"captive" plants.
 

In proposing a rural electrification program for
 
Indonesia, the Study Team considered whether such a devel­
opment, requiring large-scale financing at special terms,
 
standardization of design and materials for low-cost rural
 
distribution system, a non-profit areawide coverage concept,
 
and intensive large-scale training with assistance from
 
overseas, would be a commitment which PLN would want to
 
undertake in view of its already heavy responsibilities in
 
improving and operating its generation and transmission.
 

For all rural electric program planning, PLN should
 
be considered the preferred power supplier, although there
 
might be situations on locations where other arrangements
 
would be necessary. PLN can be expected to be vitally
 
concerned in any proposal involving electric service for
 
people in rural areas.
 

Other governments which have undertaken full-scale
 
rural electrification chose to create a separate agency
 
which could devote its total attention to the many specialized
 
details of such a program. In both the United States and
 
the Philippines, rural electrification was assigned to a
 
separate administration or authority reporting directly to
 
the President. This was done by Presidential decree in both
 
instances. Both countries have other separate national
 
agencies concerned with generation and transmission and with
 
regulation of the power industry.
 

Consideration of the Directorate for Cooperatives.
 

In the Government of the Philippines, unlike the U.S.,
 
there is a Bureau of Cooperatives, much like the Indonesian
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Directorate General for Cooperatives under the Department

of Manpower, Transmigration, and Cooperatives. Discussions

with officials in this Indonesia Department reveal great

interest in the potential benefits of cooperative rural
 
electrification but agreement that such a technical and

specialized program might best be administered by a
 
separate authority. It is recommended, though, that any

such new office in the Government coordinate its planning

and progress with the Directorate for Cooperatives. It
 
is believed that there could be close relationships between

the already developing multi-purpose agricultural cooper­
atives and the new electric cooperatives to realize mutual
 
benefits.
 

Legal Basis.
 

Before any beginning is made to draft a proposed decree
 
or law for an Indonesian rural electrification authority,
 
an 
examination of the U.S. Rural Electrification Act of
 
1936, and more especially the Philippine Presidential Decree
 
No.269, is recommended. Whatever is drafted for Indonesia
 
would have to be Indonesian in approach and content, to
 
serve Indonesian needs, but a review of experience with some
 
good and some not-so-good features elsewhere might make
 
an 
Indonesian program more successful. The legal consultants
 
who helped draft enabling acts and decrees for other nations
 
would also be available in the event their services might be
 
useful to the Government of Indonesia.
 

It is recommended that a careful search be made of

existing laws and regulations which might unwittingly hamper
 
an Indonesian rural electrification authority in its tasks
 
of lending money to consumer-owned systems, getting the

lines built, and helping the cooperatives achieve financially

sound operations.
 

Following enactment of an enabling decree or 
law, the

Indonesian rural electrification authority would require some

months of organizing, staff development, and preparation of
 
policies and procedures. During this period detailed

feasibility studies and engineering plans could be prepared

for the first cooperatives. This period can also be used
 
for organization of cooperatives, education and information
 
programs, etc.
 

Organization and Staff.
 

Some idea of what a national lending and administrative
 
agency might look like is offered in a very tentative chart
 
shown at the end of this chapter. It is suggestive only,

to indicate some of the main functions the organization

probably would include. It would be presumptive at such
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an early stage in program proposal to suggest size or
 
composition of staff for rural electrification authority.

It may be helpful, however, to know that the REA in the
 
U.S.A. has 850 employees to administer a rural electrifi­
cation and a rural telephone program. In the Philippines,

NEA has a staff of 525, and 15 consultants from the U.S.A.
 
Engineers, accountants, training specialists, writers,
 
lawyers, management-business administration specialists,

and cooperative advisors make up some of the important
 
components of an agency staff for a rural electrification
 
program.
 

Suggested Functions.
 

Whatever basic decree or law is promulgated by the
 
Government of Indonesia, it should provide authorization for
 
those functions essential to success of the many aspects of
 
the program. A listing of these follows:
 

(1) To assume responsibility for carrying out a com­
prehensive program of full electrification of rural areas
 
of the country. This would be done on a basis of low­
interest, long-term, 100% financing and technical assistance
 
to rural electric cooperatives.
 

(2) To make a feasibility study prior to loan approval

which will show clearly that a proposed project is expected
 
to be economically sound and serve the objectives of the rural
 
electrification program.
 

(3) To secure repayment of +4-.loan on a predetermined

schedule following a grace period, and to assure, through

provisions of the standard loan agreements, operating

conditions in the borrower cooperative systems which should
 
make such repayment possible.
 

(4) To assist people in rural communities to organize

electric cooperatives and to make application for a loan to
 
build a suitable electric system. This would include the
 
necessary information and coordination with loca2 officials.
 

(5) To make sure that the local rural electric project

complies with all laws, regulations, ordinances, that it
 
holds clear title to necessary property, and that it has
 
right-of-way easements for its lines.
 

(6) To assist each project in securing adequate supply

of bulk power at the lowest possible cost, utilizing PLN
 
wherever possible, and to maintain right of approval of all
 
power supply arrangements.
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(7) To specify standards and specifications for the
design and construction of the project systems to assure
 
economy, safety, and suitability for rural distribution.
 

(8) To specify standards for materials and equipment

to be used in construction to assure high quality and lowest
 
feasible cost.
 

(9) To purchase materials and equipment for system

construction through international bid and through local
 
procurement where possible; 
to provide warehousing, inven­
tory, and allocation and trans-shipment in the required

amounts to the individual rural systems in accordance with
 
their construction schedules.
 

(10) 
 To provide or supervise adequate engineering,

architectural services, and construction of the lines,

headquarters, and other facilities for project completion.

This could include force account construction by the
 
cooperative's own staff where adequate training can be

provided. The Indonesian rural electrification authority

would provide final inspection of all lines and construction
 
before they are placed in operation and before final payment

is made for engineering and construction.
 

(11) To make low-interest loans to the cooperatives

for re-lending to members for housewiring costs, and to

establish standards for housewiring in order to assure safety.

This lending program is an important component in helping
 
poor families secure electric service. 
It could include
credit for electrical equipment and appliances and for small
 
industries using electricity. An alternative would be to

have the electric cooperatives sponsor credit unions with
 
initial capital for this purpose.
 

(12) To provide written requirements, policies and

procedures, and guidelines to the cooperatives for the

functioning of their organization and the operation of their
 
enterprise. 
These should include, for example, accounting

manuals, billing andcollecting procedures, warehousing and

inventory instructions, safety requirements, personnel

administration, reporting forms, etc.
 

(13) 
 To advise and assist the borrower electric

cooperatives with field personnel who may provide counseling

and instruction to the boards of directors, general managers,

and staff of the cooperatives. This may be supplied in the
 
early stages of the program by foreign consultants who have
 
the necessary experience; but employees of the Indonesian
 
rural electrification authority should be trained to take
 
over this function as rapidly as possible. Later, to an
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increasing extent, the staff of the local electric
 
cooperative can be expected to acquire training and
 
experience which should decrease the amount of assistance
 
needed from the government agency.
 

(14) To receive periodic reports from the borrower
 
cooperatives (monthly operating and financial reports are
 
suggested).
 

(15) To conduct training courses, seminars, and
 
conferences on all phases of the rural electrification
 
program for all levels of leaders and employees in both the
 
electric cooperatives and the Indonesian rural electrification
 
authority.
 

(16) To make frequent audits.
 

(17) To present the needs and progress of the program
 
to all levels of government and to the general public in
 
order that understanding and support may be strong and
 
widespread.
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VIII. THE COOPERATIVE APPROACH
 

Background.
 

The cooperative approach to enterprise has been tried
in Indonesia with varying results. 
 Many of the early
cooperatives failed for lack of capital, inexperienced
management, poor understanding of members' responsibilities,
or dishonesty. 
In the mid-1960s, it was 
found that in some
instances the membership lists of cooperatives had been
turned over 
to communist party organizations. There were
cooperatives which appeared to be more interested in
politics and nebulous idealistic objectives than to the
economic practicality of improving the living conditions

of the members.
 

Since 1966, the Government has encouraged a renewed
interest in developing cooperatives which have a more
practical concept of their role in the economy and which
promise more productive returns for their members.
 

A new Cooperative Law No.12 was enacted in 1967, and
since then the number of cooperatives increased each year.
Membership, investment, and revenue also show rather steady

increases.
 

The Directorate General for Cooperatives estimates there
are 3,600 multi-purpose cooperatives now, in addition to
specialized cooperatives for copra, batik, and other pro­duction. 
The most prevalent type of organization is the
B.U.U.D. (Badan Usaha Unit Desa or Cooperation of Village
Unit). Production and marketing of rice is the main
function, with government support andregulation.
membership is estimated at about 2 million. 
Total
 

The village
or primary cooperatives are grouped in secondary cooperatives

at the pusat* level.
 

It appears likely that rural electrification would
require separate cooperatives for a number of reasons, but
there could be a close working relationship between the
electric cooperatives and other types.
 

Rural electric cooperatives, along the lines of the
nearly 1,000 which grew so successfully in the U.S.A. and the
54 which already are serving 340,000 consumer-members in the
Philippines, have not been tried in Indonesia. 
 It becomes
 

* District center.
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important, therefore, to take a look at the structure and
 
function of the rural electric cooperatives now tested in
 
a dozen countries.
 

What is a Rural Electric Cooperative?
 

A rural electric cooperative is a low-cost way for farm
 
and village people to bring electric service to their homes
 
and industries and public facilities. It is a legally

chartered business enterprise owned and controlled by the
 
consumer-members who use the service. 
 There will need to
 
be initial government financing and technical assistance,

but the local members are responsible for the success of

the project. Through their board of directors, and the
 
general manager and his staff, they are responsible for
 
the cooperative's financial viability, high-quality electric
 
service at lowest practical cost, and for maintaining the
 
enterprise as a democratically controlled organization which
 
will benefit the entire community including the poorest

farmer.
 

A rural electric cooperative should be examined as 
a

physical electric system, in order to see how it may serve
 
the needs of the people who will be using the service.
 

A rural electric cooperative should be examined as an

economic enterprise which must pay its own way after the
 
initial period of getting under way. Construction and
 
operating costs must be held to a minimum. 
Retail rates

for electric service must be high enough to make the cooper­
ative financially sound but low enough to attract consumers.
 
Consumers must pay their electric bills, and the cooperative

must pay its bills. Officers, employees, and the member­
owners should take pride in paying off the loan from the
 
government after the grace period.
 

It is important to estimate what the electric service
 
can do to provide more jobs and higher income; how it 
can
 
increase agricultural yield and stimulate additional small­
scale industries; 
and the ways in which it can improve the
 
quality of life.
 

A rural electric cooperative should be examined as an
 
institution, in order to understand ownership, control, and
 
lines of authority and responsibility. This can also say

something about the place of the cooperative in the commu­
nities where it serves, and what it does to help build human
 
dignity in rural people.
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The Rural Electric Cooperative as a Physical Electric System.
 

Where possible, the cooperative would expect to purchase
power for its consumers from the PLN. 
It would have to be
delivered to the system substation at available transmission
voltage. 
From here it would be carried on the cooperative's
primary lines at 20 KV. 
The distribution system would be
multi-grounded wye with common neutral, using ACSR conductor.
Secondary system is planned to be 220/380 V, 3-phase, Wye
system and 220/440 V, 3-wire, single phase system.
frequency is 50 cycles. System

Much of the sercondiary system can be
underbuild, using the same poles as 
the primary lines.
 

The entire system could be built to standards and
specifications already available and widely used in rural
design and construction in the United States and practically
all other countries. Forty-four percent of all electric
distribution mileage in the U.S.A. was built to specifications
and standards engineered and tested by the Rural Electrifi­cation Administration (REA) in the years following the start
of the rural electrification program in 1935. 
 REA system
design and standardization of materials cut the cost of con­ventional line construction in half.
 

For each of the initial projects, an area of roughly
400 square kilometers with a population of perhaps 200,000
is contemplated. 
This might correspond to several kecamatan,
but not necessarily so. 
 Typically, this could include about
10,000 households by the end of the cooperative's first year
of operations, estimating an 
initial 30-40%
potential consumers for service. 
sign-up of


Extensions to about 20,000
consumers 
can be expected, and tn4
s would require very little
additional cost in the backbone primary system. 
The Phase I
construction would result in 250-300 kilometers of pole line.
 
Phase II construction would require additional lines as
needed in order to achieve full areawide coverage.
essential An
concept for rural electrification is the construction
of a system to 
se.7ve every household and every industrial,
commercial, public building, security light, and pump irri­gation consumer who wants electricity. 
The rural electric
cooperative would serve the most heavily clustered population
first, but instead of just stopping with the denser areas,
it would extend laterals to serve more widely sc ittered
consumers 
in the later stages of the program as viability
becomes apparent. 
Financial feasibility would be based on the
whole system rather than on each 4ndividual line.
 
Each cooperative system would have headquarters office
and warehouse, conveniently located for servicing the lines
and serving the consumer-members.
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The consumer's housewiring would be his own responsi­
bility, but it must meet the cooperative's standards and
 
pass inspection before the service is connected. Financing
 
by the cooperative on easy terms for consumer housewiring
 
is recommended. Such financing could be provided out of
 
special loans for this purpose by the government agency
 
to the cooperative.
 

The Rural Electric Cooperative as an Economic Enterprise.
 

The Government of Indonesia would need to furnish the
 
initial capital for the rural electric cooperative system
 
in the form of a loan on easy terms through the lending
 
and administrative agency created to sponsor and supervise
 
the program. Each loan would need to have a low interest
 
rate and a long enough period for amortization to roughly
 
match the accounting period for depreciation of the system.
 
There would need to be a grace period before loan repay­
ment begins, in order that the system can be constructed,
 
commence service, and reach a net margin position in its
 
operations.
 

The government agency would complete a full feasibility
 
study prior to approving a loan, to assure that the money
 
is to be invested in a financially feasible project.
 

It is recommended that some portion of the initial loan
 
be earmarked for operating expenses for its first months
 
of operations, as there would be payroll and other admini­
strative and service expenses prior to the collection of
 
revenue from consumer billings.
 

Beyond the initial loan, the national rural electrifica­
tion agency shouldexpect to make subsequent loans to assist
 
the cooperative in reaching full areawide coverage.
 

The cooperative should be programed to secure revenues
 
[rom sale of service sufficient to cover operating costs
 
including cost of power by the end of the third year. By
 
the fifth to seventh year, the enterprise should reach a
 
break-even level, including allowance for depreciation and
 
scheduled loan repayments which can begin at that point.
 
Between the seventh and tenth year from energization, the
 
cooperative should be developed to a level where it can
 
be considered financially viable.
 

The loan to the cooperative from the government agency

would be secured by loan contract and mortgage. Terms
 
should specify program objectives which the cooperative
 
must maintain, and agency technical assistance, policy and
 
procedures requirements and guidelines, and recourse in
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the event of default. Security of the loan to the cooper­ative would be protected by requiring approval of the
government agency in the appointment of the general manager,
adherence to a prescribed accounting system designed for
the rural electric cooperatives, full monthly reports on
operations, and standard requirements on personnel admini­stration, rates and billing practices, insurance, etc.
 

At present prices, it is estimated that US$4 million
would construct Phase I of a rural electric system in any
one of the initial locations considered in the present
study. 
Many other areas would no doubt offer comparable

4ttractiveness for rural electrification by a cooperative.
upiah would be advanced to the borrower system only as
needed to meet construction costs. 
The cooperative would
be expected to pay its bills promptly, and after the grace
period to make its loan service payments on time.
 

In turn, the cooperative must set its retail rates
at a reasonable level, be sure to get member understanding
about the nature of their obligations as consumer-member­
owners, and require prompt payment of electric bills.
 

The membership fee should be nominal, set low because
the construction costs of the system will be 100% financed
from government and foreign loan funds. 
 There would be no
connection fee. 
 A goal of rural electrification is to
encourage all potential 
consumers to use the cooperative's
service for lights and power, rather than to limit the
number of consumers and the amount of electric energy used.
"Load limiters" presently used in many places would have
no place in rural. electric cooperatives. It is expected
that individual household consumption by the end of the
first year of operations would be around 15 kwh per month.
As new consumers are added their low initial use would
dilute the increasing consumption figures of older users,
so the average usage will continue to be low for a number
of years. A monthly billing for a minimum user who is
allowed up to 15 kwh might be around Rupiah 500. 
 Power
sales to small industrial and commercial consumers will
 
improve the system',-load factor.
 

If a cooperative shows a net margin in its operations,
this is not a 
"profit" to be drained off or belonging to
the business enterprise. 
It is held by the cooperative as
members' equity, and measures the share of ownership in the
enterprise. 
Margins may be used for any corporate purpose
allowed by the government agency or the by laws of the
cooperative. The objective, however, is not to build net
margins, but to provide good service and keep rates low.
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There must be periodic audits of the cooperative's
 
accounts at random times. In addition, it is contemplated
 
that advisors from the government agency, including those
 
available from NRECA and possibly from other places with
 
cooperative rural electrification experience, would be
 
working with the Indonesian rural electric cooperative to
 
assist it to conduct its operations in efficient, business­
like manner.
 

The Rural Electric Cooperative as an Institution.
 

A cooperative starts with people. The purpose is to
 
serve people. The people served are the owners and therefore
 
have the ultimate control. In a cooperative there are no
 
absentee stock-holders to drain off profits.
 

Obviously, several hundred or several thousand people
 
can not run an enterprise or control an organization on a
 
day-to-day basis. In a cooperative, the member-owners
 
usually meet once a year, to hear reports, to consider broad
 
policy and direction of the cooperative, and to elect the
 
board of directors. In a large cooperative, meetings can be
 
held on a district basis so there can be more democratic
 
participation.
 

During the year, members are kept informed by radio
 
announcements, posters, and with a periodic newsletter.
 
Also, smaller village meetings may be held.
 

The board of directors, usually numbering from 5 to 15,
 
is elected to represent the interest of the members in making
 
policies, hiring and holding accountable a general manager,
 
and taking responsibility for the success of the cooperative.
 
The board has clearly definable authority and functions.
 
These do not include the day-to-day operations. The board
 
hires a trained general manager to run the business for the
 
member-owners.
 

The general manager gets his policy guidelines from the
 
board, and he reports to the board, usually at monthly board
 
meetings. Within guidelines from the board, the manager
 
hires employees, supervises the staff, keeps the electric
 
system in good repair, assures satisfactory service to the
 
member-consumers; provides connections to additional consumers,
 
administers procedures for meter-reading, billing and
 
collecting, and for accurate and detailed record keeping.
 
His performance is reviewed from time to time by the board,
 
and he can be terminated by the board for poor performance
 
or dishonesty.
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The employees are hired, supervised, and terminated
 
if necessary by the manager. 
They are selected for ability

to perform specific jobs and are given continuous training

to improve the performance of their duties.
 

If the cooperative fulfils its function as a leading

institution in the community, it is expected to sponsor and
assist in community-building activities and be a leader in

such improvements as better water supply, school lighting

for night use, refrigeration, health and medical facilities,

family planning, etc. by cooperating with agencies respon­
sible for those functions.
 

Members of rural electric cooperatives should learn

pride of shared ownership and become better citizens of

Indonesia and of their local communities through broadened
 
interest and participation in what the cooperative is doing.
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IX. TWO MODEL RURAL ELECTRIC COOPERATIVES
 

Tangerang and Trenggalek.
 

For model purposes, two different areas selected from
 
within the kabupaten visited by the NRECA Study Team were
 
selected for pre-feasibility study. They might be con­
sidered among possible locations for rural electric coop­
erative projects. One of these is in the eastern portion
 
of Tangerang (West Java) and the other is in Trenggalek
 
(East Java). They differ in population density and ap­
parent income level; both are wet rice agricultural
 
regions.
 

System requirements and operating forecasts for the
 
two areas were projected on the basis of certain assump­
tions in order to have a starting point for inquiry as
 
to project feasibility. It must be stressed that the
 
data used in these two models are illustrative, and that
 
the feasibility studies which later must be made should
 
be based on further investigation. The format for these
 
projections is patterned after methods tested and used for
 
rural electric cooperatives for 40 years in the U.S.A.
 
and more recently in several developing countries. The
 
techniques have been proven valid by comparison of actual
 
results with projections in the operating history of close
 
to a thousand cooperative distribution systems.
 

Assumed Cost of Power.
 

A word of caution may be necessary in looking at the
 
assumptions which will be listed below. Cost of power is
 
an example. It is a major factor in determining whether
 
there can be a rural electrification program, but at the
 
time of preparing this Report in May 1976 there is no
 
way of determining what the actual cost of wholesale
 
power is to be.
 

For model rural electric system projection, the assumed
 
cost of wholesale power purchased from PLN has been set at
 
an average of 16.6 rupiah (US$0.04) per kwh, including
 
energy and demand charge if any. The cost of power is
 
examined in more detail in Chapter XII. It may be useful
 
to note that in a neighboring country where a full-scale
 
rural electrification program is developing, the average
 
wholesale power cost 5or 16 cooperative distribution
 
systems tied to the Luzon grid of the Philippine National
 
Power Corporation was US$0.0382 per kwh last year.
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Other Assumptions.
 

A second assumption is that electric energy distributed
 
by the cooperative would be metered and sold to the member­
consumer at an average price of 30.3 rupiah (US$0.073)
 
per kwh in the Tangerang area and at an average price of
 
33.2 rupiah (US$0.08) per kwh in the Trenggalek area.
 
No load limiters would be used. Residential and small commer­
cial consumers would be billed fou electricity actually

used. Commercial-industrial users with loads exceeding 25 KW
 
would be billed on a combination demand and energy rate.
 
For the present study, an assumed retail rate which would
 
average for residential use about 15 kwh with a minimum
 
billing of about 500 rupiah (US$1.20) per month seems a
 
reasonable balance between what most rural households can
 
afford and what amount would be required by the cooperative
 
to meet operating expenses on an accrual basis.
 

Another of the important assumptions in the two models
 
is that a significant number of connections will be for other
 
than households. These will be stores and shops, schools
 
and other public buildings, rice mills and other small
 
industries, street lights, and water pumping for irrigation

and for domestic and commercial consumption. It is estimated
 
that by the tenth year more than half of the total kwh sold
 
by the cooperative will be to these users. This data is
 
shown in two tables, "Project Assumptions" and "Total System
 
Load Forecasts", which appear at the end of this chapter.

These are separate tables for the Tangerang and for the
 
Trenggalek models.
 

In these two examples, initial capital to pay the full
 
cost of building the system is provided by loan funds from
 
the Indonesian rural electrification authority. It is
 
assumed that the 40-year loan, with interest computed in
 
the two models at 2% per annum, is to be paid back over a
 
35 year period out of revenues from retail sale of electric
 
energy. There would be a 5-year grace period after the
 
system is first energized during which payments of interest
 
and principal on the cooperative's loan are deferred.
 
Accumulated interest during the 5 years is added to debt
 
service payments over the ensuing 35 years.
 

The average investment per connection in the physical

plant of the two models is computed at approximately

Rupiah 99,600 (US$240) and Rupiah 153,500 (US$370) at the
 
end of the first year of operation, assuming nearly 17,000

connections for the one system and nearly 10,000 for the
 
other. By the end of the tenth year of operation, however,
 
on the reasonable assumption of more than doubling
 
consumers, the average investment per consumer-member should
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have dropped to about Rupiah 64,000 (US$154) and Rupiah 79,500

(US$191) respectively. This reduction in average investment
 
per connection is possible because after the initial backbone

lines are in place, the average cost of each additional
 
connection for service wires, meters, and a few additional
 
transformers is only about Rupiah 33,200 (US$80). 
 The effect
 
of added consumers in relation to plant investment is shown

in two series of three graphs: "Total Plant Investment",
 
"Total Connections", and "Investment per Connection".
 

all cost figures in the tables for the two models are
 
expressed in 1976 U.S. dollars. 
 However, the construction
 
cost estimaLes include a 20% contingency which includes anti­
cipated inflation during the interval before actual construc­
tion.
 

Tables on costs for the two models are included at the

end of this chapter. 
 "General Plant Costs" for headquarters

and equipment are estimated to be identical for Tangerang

and Trenagaleko. Separate tables show the figures for
 
"Estimated Tnitial Investment" covering all engineering and
 
construction costs for the initial system. 
Subsequent tables
 
present the breakdown figures for a standard kilometer or

unit of various types of pole line, transformers, services
 
and retcr, miscellaneous items, and security lights.
 

Calculating debt repayment of $4 million at 2% over

the 40-year with a 5-year grace period is 
a matter of formula,

and is shown for the sixth through the tenth years of the
"Financial Forecast" tables for the two model cooperatives.

It appears as entries in line 16. 
 Interest calculations
 
are to be found in line 5. Other expenses are: cost of
 
power 
(line 2); operating, maintenance, and administrative
 
expense (line 3). In converting from accrual accounting

to a cash basis, depreciation estimated at an average 3%
 
per annum of gross plant investment and interest on the loan
 
are moved to line 10 and 11.
 

The allowance for operating expenses (line 3) was

cormputed at 5.5% of gross plant investment. This figure was

arrived at from experience in other areas with varying
 
onerating conditions.
 

Working out the projections reveal that on an accrual
 
basis, both models would have revenues in excess of total
 
expenses in the sixth year and an accumulated margin in the

tenth year. 
On a cash basis, both would require loan funds

from the Indonesian rural electrification authority for
 
operating expenses to supplement revenues in each of the

first 3 years. 
There would be a small cash balance in the
 
fourth year. They would experience a deficit cash position

in the fifth and perhaps the sixth year when repayments begin
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on their government loan, and then improve their cash
 
position rapidly in subsequent years. This is shown on the
 
two "Financial Forecast" graphs.
 

Conclusions To Be Drawn.
 

An analysis of the data and information relative to the
 
two model systems permits drawing the following conclusions:
 

(1) The extremely high population density results in
electric service being available to a very large number of
 
homes with the construction of only a limited original

backbone system.
 

(2) The incremental investment required to connect
 
additional homes along the original backbone system will be
 
very small compared to the investment required for the backbone
 
system. The effect of connecting these additional homes is
 
to reduce significantly the average investment required per

connection. This reduction in turn makes the system feasible
 
at very low levels of use. (Even with construction costs
 
per kilometer of line estimated to be approximately 50% higher

that those in the Philippines and even assuming that only

30-40% of residences along the lines will connect when service
 
is initially available compared to 50% in the Philippines,

the initial average investment per connection is still only

50-60% of that in the Philippines.)
 

(3) The cost per kwh sold for the system including all

direct costs declines as additional homes and other l-iAs
 
are connected and as average levels of use increase. Tnis
 
would permit lowering the rates to follow the declining costs.
 

(4) The cost of bulk power purchased is a very signifi­
cant item in the total cost of providing service to members
 
and will become a larger percentage of the total cost as
 
levels of use increase.
 

(5) Frcsibility, including scheduled debt service pay­
ments should be possible with rates which offer electricity

at a cost as low as or lower than alternative energy s :rces
 
even when levels of use are low and when only 60-70% of the
 
homes are connected to the system.
 

(6) Long-term loans with low interest costs and a
 
deferment period are necessary to permit rural systems to
 
achieve feasibility in the early years.
 



MODEL ELECTRIC DISTRIBUTION SYSTEM (A)
 

LAUT JAWA 
 INITIAL LINE LENGTH 220 KM. 
INITIAL NUMBER OF CONSUMERS 16796 

NUMBER OF CONSUMERSENO OF 
TEN YEARS 3OOS 
ITIAL CONSUMERS.PER CENT 
OF POTENTIAL CONSUMERS IN 
AREA 
 471% 
CONSUMERS END OF TEN YEARS, 

CCENT OF POTENTIAL 
CONSUIERS IN AREA 79% 
TOTAL INITIAL INVESTMENT j 4.057,000 

(R. 1,663 MILUON ) 
TOTAL INWVESTMENT, END Of 
TEN YEARS $ 5.64141.00 

(Rp. 2,360MLLION) 
INVESTMENT/CONSUMERINITIAL $ 242 

(Rp. 10,500), 
END 

INVESTMENT/C0NSUMER, 
OF TEN YEARS $ 154 

(RP.63,S0) 
US S a Rp.415 

LEGENO
 

3 PHASE 11.55/20 KV LINES 
I PHASE 11.55 KV UNES 

(o TSUBSTATION 

INITIAL SYSTEM BOUNDARY 

http:5.64141.00


MODEL ELECTRIC DIS1BJIEbON SYsTEM (B) 

N4TIA NUMM OF CM4UlEm 

TEN EARS E E0
 24OT 


ARE 3.%,o

TOTAL INITUL I MM 

(Rp. 1,447 MLLION 
TOTAL I .fir,-OI
-o 


F-TIENT/COMISUMI . INITIAL' (R.198 K J 

MED15.3,000)(MMNfN~ 

3 PKASE 11.55/20 IKV w 
mm~m IPHA 11.5 KV 

j im 
I< UPATEN BOUNDARY 
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PROJECT ASSUMPTIONS FOR TANGERANG MODEL 

Description 1 T 2 1 4 6_ ' 810 -

1.lPop-iatign growth rate (1) 
2. Umber of people per house 
.In. niares 

4. Houses connected A of total 
5 Nwuber of connections: 

a. houses 
_b. small comercial and 

pnb14r. ImilAings 
c water systems 
d. power loads-25 KVA or more 

e. securiLy ligts 

2.25 

6 
3.500 

40___ 

15,400 
16100 

30 
18 

250 

2.25 
6 

39.366 
43 

17,000 
1.350 

I 
40 

1 21 

300 

2.25 
6 

40,252 
46 

_ 
18,500 
1.600 

50 
24 

350 

2.25 

6 
.158 

I 48.6 

20,000 
JI... 

60 
27 

400 

2.25 

_ 6 
422084 

52 

21,900 
e),Ann 

702 
30 

450 

2.25 2.25 2.25 

4_0989 1999 
5id-.. _6A 

4,000 26.200 28,0 
2.350 -2.600 2.950 

9 10"1 14 
35 40 45 

So 55 60 

2.25 2.25 
6 

60000 

isi -so.. 

0600 2.700 
N.i00 1._
I 

17 900 
I 50 55 

650J.D fl. 

! 

New connections 
7. Total connections 16,798 

-16.798.1.913 
18,711 

1.813 
20,524 

L8"13 
220337 

2211. 
24,550 

1 
r6,9 75  

9,59. 
.2 9 9  

.24.RAS 
2,035 570 

3.5% 

.Gross Investment-US$ (000) 
9. Investment/connection-US$ 

___D7 
241 

91 
225 

4-360-
212 

49507 
201 

4,6-85 

190 
4,880 
181 

5,084 
172 

5,288 
165 

5,492 

159 

5,688 

154 

___,, 



PROJECT ASSUMPTION FOR TRENGGALEK MODEL
 

-2.e cr t on7 qeratin pYear -
DescrIption 1 2 
 3 4 5
1. Population growth rate (M) 6 7 8
2.25 2.25 2.2f 5 2.25 2.5 9 10
2.2 .

2. Number of people per house 6 6 6 6 
2 

6 . 6 *.2. 6 6
3. Houses In area 
 30,00 ?09675 31.365 'R2oln. .29_. . n 4as.a -3S n.6 .3,4.S
r6.651
4. Houses connected-% of totl] 30 
 39 44.6 49.9 51.8 5,.7 55.4 57 1 F8,6_60

5. Number of connections: 

. a. houses _9,000 . - ' 12.000 14000 16.000 17.000 1i00 1Q0Q00 20.000 
 -.
000
 

b. small commercial and 400 "700 1000 112QO 1I.400 1,0 O ISO . 
public buildings 
 . .. .
 .. 
 ... 
 . ...
Sc. 

85 100 120 140 160_ 180 
water systems I 50 60 70 


20
 
d. powr loads-25 KVA orj 10 13 17 21 25 3O 35 ,1_40 45 s
mor e _____ __ _ _--__ _. 
 ... .
 
e__ sec ty lights120 
 180 280
2 320 340 360_0 I0__ __ 

6. New connections 19,58o 3.37 3 2,374 2,259 51,259 .I1,7 11,245 t:o4S 1 '
 
5_2 .
 ... 2_.: I. L _1_1 5_iTt-n vnne-f-in .1-9 t28 1,.9.fi&.. I4.S 175SR 

­

-1&~4 I'_O,.; 21,I- "~.22LE jZar7:% 24,93~L 
____ 

• --• 
 -7_ v-9 - _ 

9.- Inves.nent/connecton-US$ 1 369 293 260 237 227 1 21 196 191
 

-= 
 ' - -­ 1010 -­ q
 

__ _-_,__ __ __ _ I__ _ _ _ _ _ _ _ 

i____ _ _ 
m 
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TOTAL SYSTEM LOAD FORECASTS FOR TANGERANG MODEL
 

2
___. _Description 

i,Hou e connected Decito 15,400 17,000 18, 00 


2. 	Averxge kwh/month 15 17.5 20 


3,. 	K-Jhmonth (000) 231 297.5 _ 370 
4. 	Small commercial and public 


buildings connected 	 1,100 1,350 1.600 


5. 	Average kwh/month 195 1. 175
5 0 

6. 	 Kwh/month (000) 137.5 202.5 280 
7. 	Water systems connected 30 40 50 

S. 	 Average kwh/month __600 600 600 
9. 	Kwh/month (000) 18 24 30 


10. 	Power loads -. KVA or more 


connected 	 18 21 24 


_1 1 	 K w h / ge k wh onh 2~7__ _ j
2 w/ot (000L.-_ __ 2 32.6 I 39 

13. Security lights connected 	 30 350 
14. 	 Average kwh/month o50 50 50 
15. 	 Kwh/month __12.5 9...(000) 	 17.5 
16. 	Total service connected 16,798 18,711 
J20,5_4 

17. 	Kwh/month-total sold (000) 426 571.6 736.5 

18. 	Kwh/year-total sold (000) _ 112 6,858.6 _88._8
-


19. 	AnnuAl X system loss 17 17 , 17 
90- K!h/year purchnsed (00) j5.I 89024.6 1.Q340. 

. lonupLAyt_t2oai.f~ctariZ) 20 22 25 


_,41
22. 	MW penk load 4.16 4.72 

L-

_o_
Year __ __ __ __ _L__ __ __ 

4 Pl n/ :_ __ 

Planning 0 0 6 CG 	 0 6 Q0, 1,700-. 8,400
;!0,00 21,9 0 24 


000S 5 6 I 7 R9 10 
22.51 25 i 30 35 1 40 45 50 

___45_ 47 790 1 1.1a6 "RA 1,377. 1. 5.
i " 

1,850 2 10 2.L3O 2,600 2.850 . 23j0. 
250 0 S . 45 son 

370___: 7., 9 1 45 1j7 
60j 70 1 90 110 140 170 200 

600 600 1 600 600 600 600 600 
36 54 66 j4 1fl2. 100. 

_ . ... 

27 30 1 35 40j45 	 s0 S 

1 5 .it 8 f . 1 2~.. , l f .2 0 
-- 45,9 53.2j 6A4.8 77 90 -1& 

400 450 500 0250 600 650- ­
50 s0 50 50 FO s0 

20, 2 , . 77-5- -_.S 
22,S37 24,550 • 6,975 ,-9500 32,035 S4,570 37,005 

921.9 1190. 1.,568.8 1.997.5 2.480 _,_011.5 586
 
1,062.8 14 q 8,760 ?613 _ _
 

15 15 19 12 19 0 10
 
1722. 	 245.5 U.08± 26.46.4 533l2 39.q7-31,27B3AF_ 

27 soz--I 22 S6 { 48 
5. 6.52 _ 9..0 L 1ft51.. __._ 1 &. 

1- I 	 - --



TOTAL SYSTEM LOAD FORECAST FOR TRENGGALEK MODEL
 

Descript1on r_ 2 ,S 4 
P nningYm r 

s 6 7 8 9 10 
1 -Houses connected 9000 12,00 11000 16,000. 17000 18000 0 40 '6,000 
2. Average kwh/month 9015 j_ -17.5 0 22.5 25 so 1 35 40 4,00 20 
3 Kh/month (000) _ 135 ?i 280 360 425 540 665 800 945 1,100 
. Small commercil and ublic _ 

building connected 400 700 j ,000 1,200 15400 1,600 1, O0 22000 2,150 23O0.­
5, Average kwh/month 125 150 175 200 250 300 350 400 4 . 
6. Kwh/month (000). 50 105 __175 240 350 480 6,A0 _ 800__ 967.5 _I150 

7. Water systems connected 
8. Average kwh/month 

50 
600 

60 
600 

J 70 
600 

85 
600 

100 
600 

120 
600 

140 
600 

160 
600 

180 
600 

'00 
{ 600 

_9, Kwh/monlh (000) 
10. Power leads - 25 KVA or more 

30 '6 4? 51 60 
I 

72 84 _9618 08 0.2f 
__ 

connected 10 13 17 2 1 25 10 5 AO 45 50 
1. Average kwh/month 1,500 1,550 1,625 1,700 1,775 1,850 1,925 2,000 ?,100 9,200 
2. 
1S. Security lights coecte 120 

20.2 
140g0 

27.6 35.7 
980 

44.4 
20___030 

55.5 67.4 90 
400 420 

14. Average kwh/month 50 50 50 so 50 F c;0 50 o0 s 

_15. 
S16. 

Kwh/month (000) 

Totml services connected 
6 

[9,580 17 
9 

9,090 

1' 
I17T 

14 
6 

16 
R45 _ 

17 I1 
1,3_ 

19 
o 

90 
3,77 

I _2170 
17. Kh/month-total sold (000) 

18. K,,h/vepr-totpl solfl (000) 
286 

2983!- J 
308.?9 5?6.61 

6,439.61 
700.7 R95. 4 

9.40R.4 10,744.6 
1.164.5 

1P 974 
1,6.4.4 1,795 

17 79-6 ",_40 

21.2s 

5F,620 
II O1 

-,n_02 
-

19, AnnuAl . system loss . 17 17 17 _ 15 15 1? 12 19 40 

20. _.hLyear purchased (000) - ,I.4 . 3 7,.4..6 9,6 9.7 12, 15 .6..9 19,1.3 24,14.8 F -Ti 1,3,0 . 
21. Annupl system
22. MW peak load 

lond fprtor (Y) _ ?0 
19 

_ 22 
_ ] 

2F 
, 

27 30 S2 34 36 
6__2 

38 
1 

40 
, , 

ON 
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FINANCIAL FORECAST FOR TANGERANG
 

Starting First Year after Energi~ation
 

All Figures in US$ (000. Power Cost at US$0.04/kwh Purchased. Revenue at US$0.07./kwb Sold.
 

~~p erating Year ____ ____ ________ 
_ _ ACCRUAL BASIS 4 5 I 1 0
1. erating revenue 373 501 645 807 11042 1,374 1,749 172 :,641 ?,141


2. Cost of power 239 321 414 509 
 657 843 1,074 1333 1,590 I 9" 
Oprating, maintenance, 233___-­
administrative expense 223 232 240 248 258 268 275 291 3024. Depreciation 122 126__ j 165t 170131 135 141___ __9 146 153 1s9 - 165-I,--­

5. Interest 81 84 87 90 94 98 102 106 I10, 114
6 Total oerating expense 665 7631 872 
 982 1,3.50 1 35F 1,604 11889 _2,J12489 

Lies 2+8+4+F4~ 
7. Margin (line 1-6) (292) (262) (227) (175) (108) 19 1.45 283 474 1652
8. Accrued margin TO 292) -- 781 (956) ,0 [ 4§554T - 6- (67 (Y 509CONTRSION TO I[i
 

CASH BASIS , }
 
9. Margin (Line 7) 
 _ _(29_)__ (9 ) (l0g) 19 14 - 283 474 65? 
10. Depreciation (Line 4) I 1?? 126 131 135 141 146 153 159 
 .165- 170
 
11n~ek~f) 18~ 87 901 941 98 10 106 110 114_12. Cash margin (Lines 9+1-0+11) (89) 2).. 9) S0 197 263 400 

_Lo 

749 9S6 
GENERAL FUND _ __{ 

BALANCE i -- ~ ______ 
_OPeratine13. loan 9_0 

_ _ 

989 0_ 0 0 0 0 0 0 

14. Balance prior year (Line 1.7)1 (R9) (5*9) _(9T 0 50 (27) 24 1 204 524 1,037
15. Cash marain (Line 12) 1 0 j 0 0 50 127 46 

Debtservie--16. , '____ 00 0 204 212 20 ?_26 744
 
.... Balance~ldnpg 13+14+15-16) F 0 0 f0 027 24 20 4 524 h90 J±ZZ2.9 

1 ~ ~---- ~~ ________ - - ______________-,MEMNON­



FINANCIAL FORECAST FOR TRENGGALEK
 

Starting First Year after 
Energiration
 

All Figures in US$ (000). Power Cost at US$0.04/kwh Purchased. 
Revenue At US$0.08/kvh SoV.
 

ACCRUAL BASIS ~~~~peratingYear____________ 
ACCRUA 2AI 1 _ _ _ 6___ _ __1 4 6 

1. Operatin' revenue 265 365 5 5 672 860 

10 
7 8 9 -

4 2.0O
2 . Co of ower 133 2101 87 - 44 66
3. Oper.'tIng, maintenance, 

_ 
77 _,2 7 -

__ 

administrative expense 194 209 220 230 235 241 246j 252 2F7 2624. Depreciation 106 114 120 125 128 131 134 137 140 .S. Interest 71 76 80 8' 86 88 
_ 

94 9S6. Total overating exense 
Lines 2+3+4+5) 504 612 I 721 825 943 ,086 +7. Margin (lne ___ (219) (247) (206) (153) L8.)

8 Accrued margin (239) (486)- (692) (Q8 (99_R) (SO6) 

1,257 1,445 1,618 1,821 
1.1499 27S S"2 .ROa. 

(747) L469) I I7) 54.1 
C O N V E R S I ONTO - __..... .CASH BASIS 

9. Marg n (Line 7) - (2 (247) (206F- (153) (83) 32 149 278 492 580 
10. Depreciation (Line4 106 114 120 I125 128 13111, Interest (Line 5) _ 71 76 __ 8380- 8S 

134 1-7 ___140 -_ 141 
n Q1 94 _95 

1. Cash mprgin (Lines 9+10+11) 6?) (57) ( 6) 5S Ipi 251 ?73 507 666 ._ 18 

BALANCE___I-___ 
____-__13. Oprt.ng loan 6? 57 . 0 0 

___ ___ 

14. Balance prior ye,-r (Line 1-7) 0 0j 0 5:5 315. Cash margin (Line 12) (62) _( 57) 6)_ Fa? 
67 949 561 09 
6717 - 766 1 &16. Debt service ppymt-'mt 0 0 00 1S 187 191 195 199 ?OS 

,--- .,_ _ , ,__...-________ . __ 0---0_ 
_7 2.... :I; ., , h a._ 6 

~'~ini.Ii~m~m~w.I ~I in ni-NMI* 
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GENERAL PLANT COSTS 

FOR TANGERANG AND TRENGGALEK MODELS 

Description US$ Rupiah 

(000) 

Land (1 to 3 hectares) 10,000 4,150 

Site improvements (grading, fencing, 
roads, etc) 10,000 4,150 

Buildings 

a) Headquarters 125,000 51,875 

b) Warehouse and maintenance shops 50,000 20,750 

Working capital 150,000 62,250 

Communications equipment 

a) Base station 15,000 6,225 

b) Mobile units 5,000 2,075 

Transportation equipment 105,000 43,575 

Tools and equipment 15,000 6,225 

Test and laboratory equipment 10,000 4,150 

Office equipment 15,000 6,225 

Total for general plant 510,000 21L,650 
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Estimated Construction Costs.
 

A "standard unit" or "standard kilometer" approach
 
was taken to arrive at estimated system construction costs.
 

Average quantities for a "standard" kilometer were
 
based on design criteria (described elsewhere), number of
 
consumers, and terrain.
 

Pricing is based on available present day (1976) prices
 
in Indonesia of materials and equipment, labor, and other
 
construction costs. The relationship between labor and
 
materials is based on experience in other countries since
 
construction methods and type of system for rural electri­
fication as proposed have not been previously used in
 
Indonesia.
 

In estimating the costs of model electric distribution
 
systems, a layout was made on an area coverage concept to
 
serve a percentage of the potential consumers in the area.
 
The models were predicated on growth within the area being
 
serviced with minimal capital expenditure. Main feeders
 
of the systemt are sized to provide capacity for extensions
 
outside the initial service area, based on voltage drop
 
considerations.
 

All estimates for materials are based on utilization
 
of the types of equipment and materials described elsewhere
 
in this report. A contingency of 20% has been used in
 
estimating the model systems' costs. This should be adequate
 
to provide normal contingencies plus a 2-year inflation
 
factor to allow for anticipated interval of time before
 
the systems could be implemented.
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ESTIMATED INITIAL INVESTMENT
 

Tangerang 


Description 


Primary lines, 20 KV
 
3-phase, 4-wire, #2/0 ACSR 

3-phase, 4-wire, #2 ACSR 

Single-phase, 2-wire #4 ACSR 


Secondary system
 
Underbuild, 2-wire, #2 ACSR 

Pole line, 3-wire, #2 ACSR 


Transformers 


Services
 
2-wire 

3-wire 


Sectionalizing equipment 


Clearing right of way 


System
 

Quan-

tity 


45 

9 


69 


123 

97 


8,000 


16,000 

798 


Lump-

sum
 

65 


Unit 


km. 

km. 

km. 


km. 

km. 


KVA 


each 

each 


km. 


Security lights 250 each 


Substation
 
Power transformer 10/12.5 MVA 1 each 

Substation fence, yard improve. 1 each 

70 KW air break switch G.O. 3 each 

Power circuit breakers 20 KV 3 each 

Disc switches, 1 pole, 20 KV 24 each 

Power fuses 70 KV 

70 KV incoming bay 

Tranformer bay 

20 KV feeder bay 


Subtotal 


General plant 


3 each 

2 each 

1 each 

3 each 


Lump 

sum
 

Engineering-supervision-training 12% 


Subtotal 


Continaencies 20% 


Total initial investment 


Unit Price Exten­
sion
 

(us$) (us$) 

5,522 248,490
 
4,118 37,062
 
2,550 175,950
 

1,023 125,829
 
2,992 290,224
 

33.70 269,600
 

58 928,000
 
90 71,820
 

30,000 30,000
 

90 5,850
 

150 37,500
 

207,500 207,500
 
4,200 4,200
 
2,750 8,250
 
15,200 45,600
 

155 3,720
 
900 2,700
 

2,800 5,600
 
2,200 2,200
 
2,700 8100
 

2,508,195
 

510,000 510,000
 

362,183
 

3,380,378
 

676,076
 

$ 4,056,454
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ESTIMATED INITIAL INVESTMENT
 

Trenggalek System 

Description Quan-
tity 

Primary lines, 20 KV 
3-phase, 4-wire, #2/0 ACSR 26.5 
3-phase, 4-wire, #2 ACSR 11.5 
Single-phase, 2-wire, # 4 ACSR 135 

Unit 

km. 
km. 
km. 

Unit Price 
(US$) 

5,522 
4,118 
2,550 

Exten­
sion 
(US$) 

146,333 
47,357 
344,250 

Secondary system
Underbuild, 2-wire, #2 ACSR 
Pole line, 3-wire, #2 ACSR 

173 
96 

km. 
km. 

1,023 
2,992 

176,979 
287,232 

Transformers 7,500 KVA 33.70 252,750 

Services 
2-wire 
3-wire 

8,900 
560 

each 
each 

58 
90 

516,200 
50,400 

Sectionalizing euiinent Lump 

sum 
47,000 47,000 

Clearing right of way 110 km. 90 9,900 

Security lights 120 each 150 18,000 

Substation 
Power transformer 7500/9375 KVA 
Substation fence, yard improve.
70 KV air break switch G.O. 
Power circuit breakers 20 KV 
Disconnect switches 1 pole,

30 KV 
Power fuses, 70 KV 
70 KV incoming bay 
Transformer bay 
20 KV feeder bay 

1 
1 
1 
2 

15 
3 
1 
1 
2 

each 
each 
each 
each 

each 
each 
each 
each 
each 

171,500 
4,200 
2,750 

15,200 

155 
900 

2,800 
2,200 
2,700 

171,500 
4,200 
2,750 

30,400 

2,325 
2,700 
2,800 
2,200 
5,400 

Subtotal' 
2,120,676 

General plant Lump 

sum 
- 510,000 510,000 

Engineering-supervision-trainlng 12% 315,680 

Subtotal 
2,946,356 

Continqencies 2Q% 589,271 

Total initial investmnt $3,535,627 
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COST ESTIMATE - 11.55/20 KV PRIMARY POLE LINE 

Standard Kilometer 

Three-phase construction, #2/0 ACSR 

Description Q'an- Unit Unit Cost Extension
 
_(US $) (us)j
 

125 1,125
Poles 9 each 


Pole top units
 
C-1 6 each 60 360
 
C-2 2 each 115 230
 
C-3 1 each 70 70
 
A5-1 1 each 20 20
 

Conductor, 2/0 ACSR 4,000 meters 0.55 2,200
 

Guys 5 each 13 65
 

Anchors 5 each 12 60
 

Pole grounds 9 each 13 117
 

Total material 4,247
 

Labor (20% of material) 850
 

Other construction costs (10% of material) 425
 

Total cost per standard kilometer $ 5,522
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COST ESTIMATE - 11.55/20 KV PRIMARY POLE LINE
 

Standard Kilometer
 

Three-phase construction, #2 ACSR
 

Description Quan-
 Unit Unit Cost Extension
 

tity (US$) (USs) 
Poles 
 9 each 125 1,125
 

Pole top units
 
C-I 
 6 each 60 
 360

C-2 
 2 each 115 
 230

C-3 
 1 each 
 70 70

A5-1 
 1 each 20 
 20
 

Conductor, #2 ACSR 
 4,000 mpeters 0.28 1,120
 

Guys 
 5 each 13 
 65
 

Anchors 
 5 each 12 
 60
 

Pole grounds 9 
 each 13 
 117
 

Total 
 3,167
 

Labor (20% of material) 
 633
 

Other construction costs (10% of material) 
 318 

Total cost per standard kilometer $ 4,118 
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COST ESTIMATE - 11.55/20 KV PRIMARY POLE LINE 

Standard Kilometer 

Single-phase construction, #4 ACSR 

Description 


Poles 


Pole top units
 
A-I 
A-2 

A-4 


Conductor, #4 ACSR 


Guys 


Anchors 


Grounds 


Total material 


Labor (20% of material) 


Other construction costs 


Quan-
tity 

Unit 
-

Unit Cost 
(US $)(U 

Extension 

9 each 125 1,125 

6 each 20 120 
2 each 35 70 
1 each 70 70 

2,000 meter 0.19 380 

4 each 13 52 

4 each 12 48 

9 each 13 97 

1,962 

392 

(10% of material) 196 

Total cost per standard kilometer 
 $ 2,550
 



71 
COST ESTIMATE 
- 220/440 VOLT SECONDARY SYSTEM
 

ON PRIMARY POLE LINE
 

Standard Kilometer
 

Single-phase construction, 2-wire, # 2 ACSR
 

Description 
 Quan- Unit 
 Unit Cost Extension
 
tity (US) (US$) 

Secondary fixtures
 
J-5 
 12 each 4 
 48
J-6 
 4 each 6
J-10 246 each 5 
 30
 

Conductor, #2 ACSR 
 2,000 meter 
 0.28 
 560
 

Guys 
 5 each 13 
 65
 
Anchors 
 5 each 12 
 60
 

Total material 

787
 

Labor (20% of material) 

157
 

Other construction costs 
(10% of material) 
 79
 
Total cost per standard kilometer 
 $ 1,023
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COST ESTIMATE 
- 220/440 VOLT SECONDARY POLE LINE
 

Standard Kilometer
 

Single-phase construction, 3-wire, #2 ACSR
 

Description 


Poles 


Secondary Fixtures
 
J-5 

J-6 

J-8 


Conductor, #2 ACSR 


Guys 


Anchors 


Pole grounds 


Total material 


Labor (20% of material) 


Other cosntruction costs 


Total cost per standard kilometer 


Quan- Unit Unit Cost 

tity - (US$) 

10 each 110 

16 each 4 

6 each 6 

8 each 4 


3,000 meter 
 0.28 


4 each 13 


4 each 12 


10 each 13 


(10% of material) 


Extension
 

(US$) 

1,100
 

64
 
36
 
32
 

840
 

52
 

48
 

130
 

2,302
 

460
 

230
 

$ 2,992
 



73 

COST ESTIMATE - TRANSFORMERS
 

Cost per KVA
 

Single-phase, 11.55-220/440 Volts, 50 Hertz
 

Description Total 
KVA 

Quan-
tity 

Unit Unit Cost 
(US 

Extension 
(US$) 

The "MIX" of 
transformers by 
sizes (KVA) 
needed per 100 
installations is 
estimated as 

50 KVA 100 2 each 915 1,830 

37h KVA 112.5 3 each 821 2,463 

25 KVA 375 15 each 605 9,075 

15 KVA 1,050 70 each 507 35,490 

10 KVA 100 10 each 486 4,860 

Total 1,737.5 KVA 53,718 

Total meterial/KVA 

Labor (6% of material) 

53,718 
1,737.5 

30.92 

1.86 

Other construction costs (3% of material) 0.92 

Total cost per KVA $ 33.70 
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COST ESTIMATE - SERVICES AND METERS 

Standard Unit
 

Single-phase, 2-wire, #6 Duplex
 

Description 
 Quan-
 Unit Unit Cost Extension
 
tity _ (US$) , (US $) 

Poles 
 0.1 each 100 10
 

Service supports

K-10 1 each 1 
 1
K-lI 1 each 3 
 3

J-8 
 0.1 each 4 1
 

Conductor
 
#6 Duplex Aluminium
 
code word "Vizsla" 30 meter 0.35 
 11
 

Meter, single-phase,
 
2-wire, 220 V with
 
socket 
 1 each 
 19 19
 

Total material 
 45
 

Labor (20% of material) 9
 

Other construction cost 
(10% of material) 4
 

Total cost per standard unit 
 $ 58
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COST ESTIMATE - SERVICES AND METERS
 

Standard Unit
 

Single-phase, 3-wire, #4 Triplex
 

Description Quan- Unit Unit Cost Extension 
t _t__.___ (US$) 

Poles 0.1 each 100 10
 

Service supports
 
K-10 1 each 1 1
 
K-11 1 each 3 3
 
J-8 0.1 each 4 1
 

Conductor
 
#4 Triplex.Aluminium,
 
code word "Barnacles" 30 meter 0.60 18
 

Meter, single-phase, 3-wire,
 
220/440 V with socket 1 each 36 36
 

Total material 69
 

Labor (20% of material) 14
 

Other construction costs (10% of material) 7
 

Total cost per standard unit $ 90
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COST ESTIMATE - MISCELLANEOUS ITEMS
 

Prices per Unit 

Description Material Labor 

(U.$), (us$) 
Gang operated, 3-phase, pole 
top switches, 20 KV 1,600 150 

Other Con-
struction 
Cost. 

(us$) 

50 

Total Cost 

(US$) 

1,800 

Reclosers, single-phase, 
20 KV 1100 60 20 1,180 

Reclosers, 3-phase, 20 KV 5,300 500 150 5,950 

Fuses, single pole, 20 KV 140 15 5 160 

Regulators, single-phase 
14.4 KV, 50 Hz, with pro­
tection and bypass switches 
3 x 72 KVA (banked 
3 x 144 KVA (banked) 
3 x 288 KVA (banked) 
1 x 36 KVA 
1 x 72 KVA 

13,400 
15,200 
19,300 
3,900 
4,200 

1,500 
1,700 
1,900 

300 
250 

250 
300 
500 
90 
75 

15,150 
17,200 
21,700 
.4,290 
4,525 

Power transformers 
30 x 70-11.55/20 KV, 3-phase 
50 Hz., OA/FA, with load tap
changer in the low tension 
winding and standard taps in 
high voltage winding

5000/6250 KVA-550C rise 129,000
7500/9375 KVA-550C rise 160,000

10000/12500 KVA-550 c rise 194,000 

6,450 
7,500 
8,500 

3,225 
4,000 
5,000 

138,675 
171,500 
207,500 

Power fuses, single-phase, 
70 KV 800 75 25 900 

Gang operated air break switches,
3 pole, 70 KV, steel mounting 2,375 300 75 2,750 

Disconnect switches, 1 pole,
20 KV 120 25. 10 155 

Power circuit breaker, 3 pole,
20 KV 14,300 700 200 15,200 

(Continued on next page)
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Description Material Labor Other Con- Total Cost 
struction 

-- (US$)-- US0 
Cost 

(USL" (US ) 
Steel structure, bus,
insulators, foundations, 
grounding etc. for 
70 KV incoming bay 
Transformer bay 
20 KV feeder bay 

1,800 
1,500 
1,800 

700 
500 
600 

300 
200 
300 

2,800 
2,200 
2,700 

Substation fence, yard
improvement 900 2,500 800 4,200 

COST ESTIMATE - SECURITY LIGHTS
 

Standard Unit
 

Mercury Lamp (175 watt), Luminaire and Control
 

Description Quan- Unit Unit Cost 
 Extension
 
tity t (US$) (u S) 

Luminaire 
 1 each 85 
 85 

Lamp (175 watt) 1 each 8 8 

Mounting bracket 
 1 each 12 12
 

Photo control 
 1 each 10 10
 

Total material 
 115
 

Labor (20% of material) 
 23
 

Other construction cost (10% of material) 12
 

Total cost per standard unit 
 $ 150 
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X. ENGINEERING AND CONSTRUCTION
 

General.
 

Implementation of rural electrification projects must
 
be based on lowest feasible system investment to obtain
 
maximum benefits. This means that general system guide­
lines should be followed to assure adequate voltage and
 
reliable service as economically as possible.
 

Further, many of the older distribution system design
 
and construction criteria now used in Indonesia should not
 
be considered in designing and constructing these new rural
 
distribution systems.
 

Conditions in Indonesia affecting the design and
 
construction of rural lines are similar to those encoun­
tered in other countries, therefore standards and criteria
 
used in like areas of those countries can be safely used
 
in Indonesia. In Java and some other locations rural
 
population density is unusually high, but in general the
 
clustering appears to be along the roads, This may cause
 
right-of-way clearing and staking problems, but the high
 
density is an advantage rather than a problem in system
 
design.
 

With high consumer density, but small demand per
 
consumer and initial low revenue anticipated, it becomes
 
the resronsibility of the project engineer to utilize
 
every tool and methoi at his command to build low-cost,
 
safe systems, with a lifespan and reliability commensurate
 
with the need for good rural service and moderate rates.
 

Type of System.
 

Elements of distribution systems should be service­
able for long periods of time. Therefore, they should
 
be designed with much thought given for future requirements.
 
Since customers and additional loads will not develop on
 
any fixed pattern, as much flexibility as possible must
 
be considered so that if loads "shift" the distributing
 
system can also "shift" with least expenditure.
 

Systems should also be built simple and straight­
forward, without operating restrictions, so that operational
 
errors will be minimal. Present-day system components
 
(transformers, poles, insulator!i, conductors, sectionalizing
 
equipment etc.) are very reliable and when properly utilized
 
obviate the necessity of duplicate distributing facilities.
 
Emergency capacity in various parts of the system should
 



87 

be provided by short-time overloads (as defined in

Attachment 3) on a single contingency basis, without
 
redundancy.
 

Radial feeder systems should be used, preferably fed

from a regulated bus. However, existing feeders suitably

protected to isolate faults on the new system may be used
 
to feed it, provided satisfactory regulation and capacity

are available on the existing feeders.
 

Three-phase feeders and laterals should be built from
bulk power buses to points where it is feasible to divide
 
the loads beyond. From these points, single-phase lines

should be constructed along with single-phase taps from
 
the three-phase system to serve consumer loads. 
 Three­
phase construction should be held to a minimum consistent
 
to load growth and voltage drop.
 

The existing systems in Indonesia are 50 hertz, and

this usage is too extensive to conoider a change. Voltage

standards for the Indonesian Archipelago were set by the
 
Director General for Power and Electricity, Ministry of

Public Works and Power, by Decrees Nos.08/K/70 and 09/K/70.

Primary voltage of 20 KV (nominal) with a maximum of 24 KV

is now being used extensively and does not require intro­
duction of another class or size of equipment and materials.
 

Secondary voltages are being changed from 127/220 V
to 220/380 V (nominal). Use of this new standard voltage

is almost mandatory for any new rural construction, because
 
motors, appliances, lighting equipment and bulbs are being

marketed for 220/380 V service. The new voltage alec
 
reduce. consumers' wiring costs.
 

For residential and small commercial loads, 10 KVy?

and below, the service voltage should be 220 V, tw-wiz.,

single-phase. This permits a motor size of 10 HP ;- under.
 
For loads of 50 KVA and below, 220/440 V, three-wire,

single-phase should be used with individual motor size

limited to 10 HP. 
 However, for miscellaneous commercial
 
and industrial loads, 25 KVA and above, 220/380 V 
four­wire, three-phase should be used, if indivi&-tal motors
 
15 HP minimum or other three-phase equipment, 25 KVA or
 
more are, to be installed. Maximum load at this voltage

is 500 KVA.
 

All new three-phase rural distribution systems should
be overhead wood pole 2ine, with bare aluminium conductors,

standard fittings, pole-type transformers, overhead services,

and meters. The system should be four-wire wye, with multi­
grounded common neutral. There must be effective grounding
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as defined by the National Electrical Safety Code, Handbook
 
No.81, U.S. Bureau of Standards, Washington, D.C., U.S.A.
 

System Desiqn Criteria.
 

Complete and detailed design criteria which would apply
 
to rural distribution systems suitable for Indonesia were
 
developed and will be found in Attachment 3.
 

Implementing the Engineering and Construction.
 

Large o'itlays of money for system design can be avoided
 
by using already available standard design/criteria, con­
struction specifications and drawings, and approved materials.
 
All of these have been thoroughly field-tested in close to
 
a thousand rural electric cooperatives, and are available from
 
the Rural Electrification Administration in the U.S.A.
 

With feasibility study maps showing prospective consumers
 
and suggested routing of lines it is believed that minimal
 
electrical design engineering will be needed. In fact only
 
a voltage drop diagram (REA Bulletin 45-1) to determine phasing
 
and wire size with a sectionalizing diagram (REA Bulletin 62-1)
 
to determine location, size and type of automatic sectional­
izing devices, appear to be necessary. However, a great amount
 
of skilled field (survey) engineering will be required to
 
properly stake lines and designate construction units with due
 
regard to economy and safety.
 

In implementing distribution and transmission construction
 
projects for PLN, many Indonesians have been trained and
 
instructed both in Indonesia and abroad by foreign engineering
 
and construction firms handling these projects. Using some
 
of this personnel, it would appear that adequate engineering
 
skills to handle rural system work described above is available.
 
Further, with some supervision from out-of-country sources
 
in the initial years, these locally trained personnel should
 
be able to perform the req'ired service.
 

Since all the work w J done in Indonesia, the major
 
portion on job site, it i. "ieved two foreign advisors who
 
are experienced design eng .,;'rs for supervising general
 
system design, and material procurement, along with one
 
experienced field engineer for each rural system under con­
struction will be adequate to handle the work, along with
 
Indonesian personnel. These engineers could be from the
 
national agency, direct contract personnel, or be part of an
 
engineering or service organization.
 

Presently, in certain areas, local contractors are con­
structing overhead electric lines, under foreign engineers'
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supervision. It is reasonable to assume if all materials
 
are furnished by the national agency, that local contractors
 
could construct strong, safe systems in approximately 50 km.
 
segments per contract. The supervising field engineer
 
assigned to each rural system along with his Indonesian
 
fieldmen could supervise and manage such contract construction.
 

It is recommended that local contractors should construct
 
lines, as described above, and that the cooperative's own
 
personnel should run service lines and install meters since
 
this phase of the work involves consumer contact, billing,
 
etc. which should not be done by contractors.
 

These suggested methods would make maximum use of local
 
personnel,construct quality systems at minimum cost, and
 
would in some 3 to 5 ytars enable local personnel to construct
 
system without assistance from foreign advisors.
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XI. MATERIALS AND EQUIPMENT
 

Source, Type, Procurement, and Handling.
 

Adequate supply of proper materials and equipment is
 
essential to timely and low-cost construction. All materials
 
and equipment must conform to predetermined standards and
 
specifications to assure high quality and safe construction,
 
compatibility of components, and lowest pricing through

large orders. Another crucial determination in ordering

is sufficient lead time and planning to permit a sound
 
pipeline of supplies to be created and maintained. With
 
this in mind, it is prudent to procure bulk materials for
 
several projects in a continuing program rather than for a
 
single "pilot" project at a time. Computerized ordering,

receiving, warehousing, inventory, and allocation to the
 
various construction projects should be projected from the
 
start of the program.
 

This concept envisions the Indonesian rural electrifi­
cation authority as the"wholesale" agent, responsible for
 
purchasing, warehousing, anC distributing to the contractors
 
the materials and equipment required for system construction.
 
In this manner, purchase of materials may be started as
 
soon as program financing is made and initial feasibility

studies have been completed. This would substantially

shorten the time needed to energize a project.
 

A detailed "List of Approved Materials" has been
 
developed over a period of many years by the Rural Electri­
fication Administration, in Washington, D.C., 
for the rural
 
electric cooperatives in the U.S.A. 
With very few changes,

to accomodate differences in Indonesian frequencies and
 
required transformer ratings, the standards could be used
 
here. The publication is REA Bulletin 43-5.
 

Standard identification of items facilitates the use of
 
standard invitation-to-bid forms and simplifies price compari­
son on bidding by suppliers, stocking, handling, etc.
 

Warehousing the quantity of materials to be used in the
 
recommended electrification program promises to be a monumen­
tal task, so scheduled deliveries are worth consideration.
 

It is also suggested that materials procured from foreign
 
sources might be imported through the less crowded ports,

with warehousing possibly provided at several points on
 
Sumatra and Java.
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Certain materials must be obtained from overseas
sources. 
However, investigation has determined that limited
amounts of other materials of sufficient size and quality
may be obtained locally. 
One objective of the recommendation
for an extended rural electrification program would be the
creation of a market to utilize new lines of production in
Indonesia. 
This would provide additional job opportunities.

Analysis, comments, and suggested source of some
 

materials and equipment are detailed below.
 

Poles.
 

Several years ago, Power Research Institute (PRI), 
in
Jakarta, made an exhaustive study of timber resources on Java
that would be suitable for use as poles supporting overhead
electric and communication systems. 
 This report found that
several species of suitable woods were available but that
treating facilities for handling lengths suitable for poles

were minimal.
 

Subsequently, in 1971, a consulting firm working on
projects in Central Java continued this analysis and deter­mined that Rasamala species found in Central and West Java
were suitable for poles. 
 Further, with selective cutting
and the then available treating facilities, it was thought
some 8,000 treated wood poles with lengths up to 
12 meters
could be made available for use on the Central Java projects.
The number of treated poles anticipated at that time did not
materialize for a number of reasons, principally the diffi­culty of obtaining the "green" poles at the woods area on
an acceptable schedule. 
Other types of poles were used to
build the projects at hand.
 

On surveying the treated wood pole situation today, some
improvement is evident. 
Three wood species in various areas
have been found suitable for treated poles:
 

(1) 	Keruing - (Dipterocarpus SPP) in Kalimantan.
(2) 	Damar Laut ­ (Shoera and Hopea SPP) in South Sumatra.
(3) 	Rasamala - (Altingla excelsa) in Central and West
 
Java.
 

Treating facilities are somewhat improved with a total
of seven plants capable of producing treated poles. 
However,
only three plants have cylinders of sufficient length to
produce the full range of pole lengths required. These plants
with classification, capacities, and location are:
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Location Classification Capacity (Cubic Meters) Approximate 
Two Shifts No. of Poles 

Per Day 

Medan area limited 10 200 
Medan area limited 10 200 
Medan area 
Jamti 

unlimited 
limited 

10 
10 

200 
200 

Jakarta limited 10 200 
Bandung unlimited 40 800 
Cikampek unlimited 30 600 

It is realized that this entire plant capacity cannot
 
be used for poles for a rural electrification program, but
 
it is apparent that with placement of orders in quantity

and proper supply of green poles, production of some 50,000
 
or more treated poles per year is possible.
 

Problems in the assumed supply of green poles and the
 
average price of treated poles makes the possibility of
 
obtaining poles on an economic basis questionable. The supply

of Rasamala is controlled by the Government Forest Service,

and it is expected that only limited amounts of green poles

of this species might be secured. Keruing and Damar Laut
 
poles are harvested from leased concessions along with other
 
merchantable timber. 
The supply of these would be limited
 
only by available coastal shipping for transport to the
 
treating plants. Sufficient quantities of treated wood
 
poles should be obtainable, provided orders could be placed

sufficiently in advance of required delivery date. 
 Current
 
prices from treating plants are high and the price is believed
 
not to be based on actual production costs, but simply on

"what the traffic will bear". It is reported that the price

of AWPA treated poles (16 kg/m 3 ) from a plant in Java average:
 

Rupiah 60,000 (US$144.60) for Rasamala, and
 
Rupiah 50,000 (US$120.50) for Keruing and Damar Laut.
 

It is further reported that Keruing and Damar Laut poles

are furnished at Java treating plants for about Rupiah 25,000
 
(US$60.25) per green piece.
 

As stated above, these prices appear high but since
 
there is little, if any, competition, there is no alternative
 
if local wood products are to be used. While the use of
 
local resources to their full capability should be encouraged,

the rural electrificati n program should not be used to support

existing prices for poles. Development of full-scale rural
 
electrification should bring prices down by putting production
 
on a better organized basis.
 

http:US$60.25
http:US$120.50
http:US$144.60
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In order to test the world market price delivered to
Indonesia, it is suggested in implementing the rural electri­fication program recommendation that a reasonable number
of treated poles be advertised for overseas procurement.
In this way local suppliers may take a closer look at their
costs 
from a competitive point of view and supply local
needs at a lower price.
 

Other types of poleas might be considered for construction,
such as spun or pre-stressed concrete poles and tubular steel

poles.
 

Concrete poles are relatively heavy and handling costs
are 	more than for treated wood. 
Only a few poles of this
type have been used in past years (Surabaya area) and there
are presently no manufacturing facilities, consequently no
prices or production information available. 
 In other
Southeast Asia areas where satisfactory woods are in short
supply, concrete poles are produced in quantity at prices
on the ordsr of US$75-$80 (31,000-33,200 rupiah) for an
average stze distribution pole at the plant. 
One 	cooperative
in the P'ilippines manufactured its own concrete poles with
a labor..intensive process.
 

Welded tubular steel poles, painted, are produced in
mary localities in Indonesia. 
These poles can be fabricated
close to the job site from imported steel tubes.
designs exist for fabricating a quality pole. 
Satisfactory
 

However, the
cost plus the need for different type of fixture attachments,
using "pole bands" instead of bolts, make the use of steel
poles marginal.
 

From the above discussion it is apparent that the
options on pole procurement and use, in order of their value,
are:
 

(1) 	Use local treated wood poles, but bring prices
down to a more realistic level.
 

(2) 	Use imported treated wood poles.
 

(3) 	Establish a concrete pole industry with prices

based on manufacturing costs.
 

(4) 	Use steel poles, but provide for all fixture
 
attachments using pole bands.
 

Cross Arms and Anchor Loqs.
 

Treated cross arms and anchor logs should be procured
locally according to REA standards.
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Line Conductors and Service Cables.
 

As described elsewhere, b,-ealuminum cable steel
 
reinforced (ACSR) should be used for line conductors. Like­
wise, twisted, self-supporting service cable, aluminum alloy,

bare neutral types, should be used.
 

One local cable manufacturer's plant which was visited
 
had a competent and satisfactory operation. The plant has
 
complete facilities for drawing, stranding, insulating, and
 
cabling of aluminum as well as copper conductors. On the
 
day of the visit, however, the entire aluminum section of
 
the plant was shut down due to lack of orders, even though
 
some 200 tons of rod were on hand to process small runs.
 
It was ascertained the aluminum plant has an annual capabi­
lity of 6,000 tons of single-layer or multi-layer cables
 
and that if orders in excess of this amount were available,
 
additional equipment would be installed in the original
 
planned expansion area. It was reported that pricing is
 
competitive with overseas delivered CIF price, provided that
 
raw materials imported, i.e. steel core wire, aluminum rod,

and insulating materials, could be "duty free". If duty was
 
paid on raw materials and the overseas finished materi 
 was
 
also taxed, then the locally produced conductor would be
 
considerably cheaper.
 

The Study Team suggests all line conductor and service
 
cables be procured locally. If the cable manufacturer can­
not make satisfactory arrangements with customs, then raw
 
materials should be imported duty free by the Indonesian
 
rural electrification authority and turned over to the
 
manufacturer for stranding and finishing. This would keep
 
an established industry in business and shorten supply lines.
 

Consumers' Meters.
 

Watthour meters manufactured according to Americr-n
 
National Standards Institute (ANSI) publications have ratings

and characteristics far in excess of most Indonesian rural
 
consumers' needs. Meter requirements for some 97% of the
 
service in the recommended program would be single-phase,

220 volt, 5 ampere, 50 hertz. The meters specified should
 
be those using less stringent overload, thermal, and power

factor characteristics than required by ANSI. It is believed
 
adequate meters manufactured to other than ANSI standards,
 
which will have characteristics compatable with the intended
 
service, can be procured for some 50% of the cost of an ANSI
 
meter. Meters for large loads and all power meters should
 
be purchased according to ANSI publication for 50 hertz.
 
To conform with principles stated elsewhere in this Report,
 
no load limiters should be purchased or installed.
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Other Materials.
 

All other materials and equipment should be purchased
using standard GOI and foreign source procurement procedures.
No local industries were found producing acceptable materials,
with the possible exception of transformers. A transformer

plant producing three-phase distribution units was visited
and found to be producing quality products using modern,
adequate production equipment. 
This plant has no engineering
 
(.taff 
 per se, and is producing equipment according to
"borrowed" designs. 
At present this plant cannot produce
suitable single-phase transformers due to lack of competent
designs. 
 However, this plant has the capability of becoming
a source for distribution transformers.
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XII. SYSTEM MANAGEMENT AND OPERATIONS
 

Relationship between Borrower and Lender.
 

The Indonesian rural electrification authority would be
 
vested with the usual controls which a lending institution
 
has over a borrower's operations to protect the security
 
of the loan. These would include approval of the cooperative's
 
selection of general manager, access to accounting books and
 
records, prohibition against incurring other indebtedness,
 
and relief in event of default.
 

In the sort of rural electric cooperative approach
 
recommended in this Report, hotaver, the controls to be
 
exercised by the lending and administrative agency go quite
 
a bit further than that. There are compelling reasons for
 
this more stringent supervision.
 

The tural electric cooperative is, indeed, created as a
 
self-contained, locally owned and operated business enter­
prise. Its financing, however, comes 100% from the national
 
agency for the construction of the system and the only
 
security it can offer is the physical plant and the potential
 
earning power of the cooperative. As mortgage holder, the
 
national agency is compelled to require that the construction
 
of lines and other facilities be in accord with proper standards
 
and specifications. And it must assure operating procedures
 
which will keep the cooperative financially viable.
 

The relationship of the National Electrification Admini­
stration and borrower cooperatives in the Philippines is
 
illustrative, as stated in NEA Bulletin No. 10:
 

"NEA's authority and regulation over electric coopera­
tives and the responsibilities of electric cooperatives as
 
borrowers of NEA funds are set forth in Presidential Decree
 
No. 269. The electric cooperative, as a corporate entity,
 
is vested with all powers necessary or convenient *c,r the
 
accomplishment of its corporate purpose. NEA encourages
 
and expects its electris cooperative borrowers to exercise
 
a high degree of initiative and responsibility for their
 
development as viable service enterprises and for their
 
operation as member-owned, non-profit cooperatives providing
 
adequate and dependable electric service on an area coverage
 
basis. The extent of independent action by the electric
 
cooperatives will be subject to the requirements of NEA
 
in its capacity as lender and as the grantor of franchises
 
for the purpose of assuring their attainment of area coverage".
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In some of the rural areas, it may not be possible


for the cooperative to obtain a manager and key emplyees who
have the experience and skills needed to operate the

accounting, budgeting, system maintenance, and other

functions for providing electric service. 
It becomes the
responsibility, therefore, of the national agency to set
forth standard hiring requirements, position descriptions,
and detailed operating procedures. 
 Along with this assistance,
a continuing training program will be needed so 
that people

from local communities in the cooperative's service area
 
can be hired and can become competent.
 

During the organizing stages of the cooperative and in
the first operating years, it is expected that the national
 
agency will scritinize closely and advise at every step.

This can be started with a combination of overseas advisors
and field personnel with experience and special training

in such skills as housewiring, installing service connections,

meter reading, billing and collections, bookkeeping and
accounting, warehousing, etc. 
 The fieJd staff of the

national agency should travel with and learn from advisors
drawn from countries with successful rural electrification
 
cooperatives. 
They should work with policy statements,

procedures bulletins, manuals 
of instructions and guide­
lines issued by the national agency.
 

As the cooperatives develop and mature with experience,

the overseas advisors can be withdrawn and the assistance of
the agency field personnel can be reduced gradually.
 

The relationship between lender and borrower in the
initial years, then, may appear rather paternal in character.

The Indonesian rural electrification authority must be
concerned with setting up cooperatives which comply with the

overall national program objectives. The board of directors

of the cooperative and the general manager may need guidance
in carrying out area-wide coverage to provide service to every
household and every commercial-industry-agricultural 
enter­
prise that wants it and can pay the low rates. Guidance,
reminders, explanations, and assistance may also be required
to keep the enterprise running efficiently and assistance
 
may also be required to keep the enterprise running efficiently
and economically, to treat employees fairly, to adhere to

cooperative principles and practices for genuine membership
control in a democratic manner, and to make reports regularly

and accurately.
 

Line of Authority in the Cooperative.
 

The line of authority within the cooperative starts with
the assembled membership in the annual or special meeting.
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It is here that the board of directors is elected. The board

is legally responsible for the affairs of the cooperative and
 
reports back to the membership periodically.
 

But neither the board as a whole nor the members of the

board individually try to manage the day-to-day operations of

the enterprise. They leave that to a general manager who is

hired by the board with the advice and approval of the national
 
rural electrification authority. He is responsible to the

board, and he hires and supervises the staff of employee,

in conformance with policies approved by the board. 
 The
 
employees, in turn, are responsible to the general manager.
 

The table of organization in the cooperative probably

should include an administrative assistant and three or 
four
 
top supervisors reporting directly to the manager; 
line
 
superintendent, chief engineer, office manager, and member
 
relations director. It Ls difficult to prescribe in advance

the number of employees which will be needed, but five or 3ix
 
might be enough during the pre-construction period. This could
 
increase to 35-45 during the construction stages, and reach
 
around 60 when the cooperative reaches full operating status
 
following energization of the lines. 
 More would be added as
 
necessary with the growth in number of consumer-members.
 
Over-staffing is a danger that must be avoided in order to
 
keep the retail rates for electric service low.
 

Using Operating Data.
 

Operating figures must be kept up to date at all times so
that the several departments and the general mtAnager can judge

strengths and weakness in providing service and in keeping the

business financially viable. The manager should report tG 
the

board in writing each month, and copies of these reports must
 
be submitted to the national administrative agency as required.
 

Good system management and operations can be encouraged

by the national agency through the issuance of standard
 
manuals on such aspects as accounts for rural electric
 
cooperatives, work order procedures, personnel practices,

service drops and installations, line inspection and maintenance,

voltage regulation, etc. Supplies of necessary forms for

billing, materials charge-out, motor pool, monthly financial

and statistical reporting, etc. also should be furnished by

the national agency except in those cooperatives close to
 
cities where adequate printing facilities exist for copying

the authorized forms.
 

Management objectives, based on operating data, should
 
include:
 

Maximum connections of consumers per kilometer of line.
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This yields a lower plant investment per consumer and makes
 
debt repayment easier to achieve.
 

High ratio of prompt collections on billings. This
 
can be measured by progress in reduction in aging of accounts
 
receivable.
 

A satisfactory trend line in the operating ratio less
 
power cost, as a nteasure of efficiency. In the U.S.A., the
 
rural electric cooperatives used to regard a figure not
 
exceeding 30% as satisfactory.
 

A necessary refinement of the above ratio is the
 
measuring of departmental expenses (maintenance, administration,
 
billing and collecting, etc.) against total expenses and
 
against revenue, with the objective of keeping these as low as
 
possible without sacrificing quality of service.
 

Productivity of employees, measured by number of consumers,
 
by kilometers of line, and by revenue.
 

Lowest possible figure for "blackouts" when portions
 
of the system are shut down leaving consumers without power.
 

Low system losses of energy.
 

Retail Rates.
 

Rate schedules are usually determined with several factors
 
interacting to produce a compromise which contains at least
 
two main elements:
 

(1) The schedules must be tied realistically to the
 
economic limitations of the people who must pay the bill; and
 

(2) Must produce, when applied to the usage charactaris­
tics, enough revenues to (a) meet the debt obligation,

(b) pay for operations and maintenance, (c) develop prudent
 
reserves for the cooperative, and perhaps provide some
 
measure of self-generated capital for expansion.
 

In countries and in times not hampered by energy short­
ages, there should also be an incentive component to the
 
schedule to encourage consumers to make more abundant uae of
 
electricity. They must belteie that their investment in a
 
greater use of electricity is worthwhile when equated to be
 
social and economic benefits derived from that use. If the
 
rate schedules are too low, so that even fixed costs of the
 
system cannot be met, no volume of abiindant usage will rescue
 
the cooperative from its problems. Schedules which are too
 
high will generally depress consumption and lead to consumer
 
dissatisfaction rather than give any significant increase
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in revenue.
 

The majority of residential consumers will have very low
 
monthly kwh consumption. Consumption ranges and demands
 
being considered by this Report are so small that a uncompli­
cated approach to rates is taken at this time. As projects
 
come into operation and experience is gained, it may be
 
possible to establish rate schedules based on a better sta­
tistical basis and more responsive to the actual needs of
 
the individual cooperative and its members.
 

At the least, rate schedules should be simple so that
 
explanation to the consumer is easy. This is especially
 
important when the cooperative first begins service. As the
 
system matures, average consumption increases, diversified
 
commerce and industry comes to the area, and new loads develop,
 
there will be a need to establish different schedules for
 
application to new consumer classifications. Existing sched­
ules then may become more sophisticated to properly corres­
pond to the cooperative's and the consumer's interests.
 

In the financial analysis in another section of this
 
Report, an average revenue per kwh sold for all classes of
 
service is used. Until the actual cooperative areas and
 
actual investment costs are defined, it is believed that
 
no attempt at definitive rate scbdules for the various
 
classes of service should be undertaken. Schedules may vary
 
from one cooperative to another when the rural electrification
 
program gets under way. There is an alternative approach,
 
however, which may need to be examined. That would be a
 
uniform, country-wVide base rate for all rural electric coop­
eratives.
 

In detailed feasibility studies, to be made later,
 
sugqested rate schedules to yield sufficient revenues to make
 
each particular cooperative viable will be presented. The
 
two model projects in this Report have been shown to be
 
viable with average rates of Rupiah 33.2 (US$0.08) for
 
Trenggalek and Rupiah 30.3 (US$0.073) for Tangerang.
 

It is to be remembered these rates ace average for all
 
classes of service. "Social rates" used in some countries
 
for very-low-income households, should be lower than this
 
average, with commercial and industrial and security light
 
rates being higher. This is consistent with present practices
 
in Indonesian and felt to be appropriate.
 

PLN Rates.
 

PLN has indicated it would be willing to sell power
 
for resale to rural electric cooperatives at transmission
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voltages from its network to the limit of its capability

and 	capacity. 
PLN 	believes it has responsibility under
 
present regulations to furnish power to the ultimate
 
consumer, even though distribution is accomplished using
certain facilities not owned and operated by PLN. 
Further,

PLN 	expressed the opinion that household consumers provided
with service through a rural cooperative system should

enjoy the same preferential rate treatment enjoyed by
"social rate" consumers served directly by PLN.
 

PLN's rate policy is to serve 
"social rate" consumers
at an average rate per kwh lower than the composite kwh rate
 
for all classes of service.
 

To assure continuance of this policy and to establish
 an average wholesale rate which will be feasible for the

proposed rural systems the following analysis is made:
 

(1) 	PLN's 
revenue is roughly divided as follows:
 

Operating expenses 71%,
 

Depreciation and debt service 29%.
 

(2) 	Distribution and customer's service requires 20.2%
 
of total operating expense.
 

(3) 	Distribution system is 32.4% of the fixed assets
 
of the company.
 

(4) 
The 	proportion of revenue used by the distribution
 
system can be ascertained as follows:
 

Operating expenue 
 (71% 	x 20.2%) = 14.3% 
Depreciation and debt service
 

(290% 	x 32.4%) = 9.4%
Total 
 23.7%
 

(5) 	With an average social rate per kwh of Rupiah 20.75

(US$0.05), then 23.7% 
or Rupiah 4.92 (US$0.012)

per kwh would be required by the distribution system.
 

When using the above average social rate along with
other revenues there is a deficit of some 
2.65% in meeting
the company's obligation. It is assumed that general tariffs
might be changed or operating improvements made to cover this
deficit. 
 This would require an average rate of Rupiah 16.25
(US$0.0392) per kwh for power sales at transmission voltage.
 

The above methodology is for demonstration purpose only.
The 	percentages and numbers were extracted f.rom various
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available PLN papers and reports, but do not take into account
 
system losses of energy. It is believed, however, that suffi­
cient accuracy is attained to conclude that wholesale rates
 
at transmission voltages could be about 24% less than the
 
average kwh rate for energy sold through PLN's distribution
 
system.
 

System Losses of Energy.
 

Every distribution system experiences some line losses
 
which are normal. These must be kept to a minimum. Better
 
loading, proper spacing of tran-ormers, correct sizing of
 
conductors, and right-of-way clearing to prevent branches
 
from rubbing against the lines are some of the measures to
 
be taken. By far the greatest losses of energy occur, how­
ever, from faulty metering and theft of power. In a consumer­
owned cooperative, a good member relations program should be
 
able to effectively discourage this.
 

System losses above 15% point to operating problems

which need attention. Management should never expect to
 
substitute higher retail rates to make up for loss of
 
revenue due to system energy losses.
 

Housewiring.
 

Adequate minimum standards for the wiring of houses and
 
other buildings for electric service is an essential part

of any rural electrification development. So is a financing

plan which will extend low-cost credit to the individual
 
consumer-member.
 

Actual installation of housewiring may be done by the
 
cooperative personnel or by private contractors in the local
 
community. The latter approach is recommended. However,
 
because there are not likely to be housewiring electricians
 
in the unserved areas where the cooperative is building its
 
lines, the Indonesian rural electrification authority should
 
make provisions for a training program at locations where a
 
projected cooperative is being started. The village house­
wiring electrician course could be offered under the local
 
sponsorship of the cooperative, with instructors, charts,
 
and sample mock-ups furnished by the national agency.
 

It would be the obligation of the individual consumer­
member to get his own premises wired, and he could get the
 
names of installers from the cooperative's list of graduates

from the instruction course. Arrangements for payment of
 
labor charges would be made by the consumer-member. A
 
recommended price list issued by the cooperative would curb
 
overcharging.
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Materials for houswiring would be procured by the national
 
agency and issued to the cooperatives for re-issue to village
 
housewiring electricians at cost plus a markup for handling.
 
The estimated average cost of the wiring for a small home
 
is Rupiah 10,000 (US$24), but this could be lowered clightly
 
by a bulk purchase program for the materials.
 

All installations would have to be inspected and approved
 
by the cooperative before the service connection is installed.
 
This is a safety requirement.
 

For those consumer-members who cannot pay cash for their
 
housewiring, the cooperative should have loan funds from the
 
rural electrification authority for relending at a low rate
 
of interest. Such consumer loans could be repaid to the
 
cooperative as an addition to the monthly billing for energy
 
consumed. It is estimated that approximately 75% of the
 
members of projected rural electric cooperatives will need
 
these loans for housewiring. This would amount to a total
 
of roughly Rupiah 75 million (US$181,000) per system to be
 
loaned by the national agency to the cooperative for re­
lending to its members.
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X2II. 
 TRAINING AND TECHNICAL ASSISTANCE
 

Scope of the Training Job.
 

There are available in Indonesia many qualified engi­
neers, accountants, and cooperative specialists. 
The pro­
posed rural electrification program will 
create a continuing

need for more. Skilled technicians and administrative people

will be required for the staff of the national rural electri­
fication authority and initially for the 12 rural electric
 
cooperatives. If a full-scale nation-wide program is deter­
mined to be a development objective, then manpower recruiting

and training become even more critical. Experience in other
 
nations indicates that relatively unskilled persons 
can be
 
trained for useful positions in 
rural electric cooperatives.
 

The Indonesian rural electrification authority may
require some 200 employees by the end of its first year.
Beyond Lhat, the number and compcsition of staff would depend 
upon the extent of the program a.c, pted by the Government of 
Indonesia. Planning for futur ! growth to make feasibility

studies and loans and to 
provide training and supervision
 
for a hundred cooperatives would eqjire relatively heavy

staffing at the top levels for p:.o.1ing an ,nministration

than would be required for an !itzlai 12 systems. The
 
National Electrification Administration ir the Philippines

now carries a roster of 550 employees tc adrminister a pro-­
gram for 75 cooperatives.
 

A very rough approximation, without knowing the scope

of program requirements, might call for the following:
 

Administrative, management and supervisory

(including specialized skills) 
 50 employees


Engineering 
 12
 
Materials purchasing and warehousing 3
 
Financial, accounting, auditing 
 12
 
Research, writing, public information 6
 
Legal 
 3
 
Cooperative specialists 
 6

Training specialists 
 4
 
Supporting staff (technical and clerical) 
 100
 

Each cooperative, figuring 10,000 consumers, would need

about 60 employees by the end of the 
first year of operations

after the lines are energized. 
These would include:
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Administrative, management and supervisory 
 5 employees

Engineering 
 1
 
Materials purchasing and warehousing 1

Financial, accounting, auditing 
 3
 
Research, writing, public information 1
 
Cooperative specialists 
 1
Linemen 
 6
 
Mechanics 
 2
 
Supporting staff (technical and clerical) 40
 

Training Requirements.
 

All of these people, plus the directors on the board of
each cooperative and perhaps up to 50 volunteer local commu­nity leaders are going to require some training in the concept

of non-profit. areawide coverage, cooperative rural electri­fication. 
Most of them will also need training conference,

seminars, or workshops in skills which they will be using in
 
their new jobs.
 

While the comprehensive training program proposed re­presents an investment of a considerable sum of money, it is

absolutely essential to 
the success of the program. In the
U.S.A. it was 
found that there simply were not enough elec­trical engineers and skilled technicians available in the
entire nation when the REA program was undertaken in 1935-36.

The successful program in that country was built on a strong

foundation of training and skills development. A full
curriculum of pertinent courses was offered in the early

years of REA, the government lending and administrative
 
agency. In more recent years training program have been taken
 
over and enlarged by the National Rural Electric Cooperative
Association (NRECA) and state associations of electric cooper­
atives working with NRECA.
 

Government officials and representatives from power
companies, cooperatives, and development agencies in more
than 50 nations have gone to the U.S.A. to visit rural

electric projects there and to participate in a variety of
training experiences. 
 The present proposal for an Indonesian
 
program would emphasize training opportunities which can be
 
offered within the country.
 

The Philippine program leans heavily on its own training
resources developed by the National Electrification Admini­stration (NEA) with the assistance of an Advisory Team of nine
Ponsultants contracted from the NRECA. 
Eight of these nine
have put in from 6 to 30 years as general managers of rural

electric cooperatives, and seven of them are experienced

electrical engineers. 
 One of the nine is a cooperative

organization and management specialist with 17 years experience
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in REA and 8 years with NRECA. One is an agricultural
 
engineer. NEA has made full use of their special skills
 
in setting up a training staff which has reached 14,000
 
Filipinos with formal courses, workshops, seminars, and
 
conferences. Subjects covered include:
 

Cooperative management, supervisory skills, utility
 
accounting and bookkeeping, budgeting and planning, meter
 
reading, billing procedures, work order preparation,
 
warehousing and inventory, system design, construction
 
standards and specifications, staking the line, housewiring,
 
safety and first aid, cooperative principles and practices,
 
member relations in cooperatives. Courses for housewiring
 
electricians also may be needed.
 

The NEA Administrator is now planning to develop training
 
facilities in the Philippines which will serve interested
 
visitors from nations throughout southeast Asia where rural
 
electrification is being considered.
 

National Program Guidelines.
 

Part of the training program needs to be built on state.­
ments of policy, guidelines, and procedures issued by the
 
national rural electrification authority. Not all of the
 
important subjects can be covered initially, but the series
 
should be started as early as possible. The purpose would
 
be to assist the boards of directors, general managers, and
 
staff of the cooperatives in all aspects of the program they
 
will be implementing.
 

A few examples of subjects to be included would be:
 

Functions and responsibilities of the board of directors,
 
the job of the general manager, board-manager relations, how
 
to prepare and use a budget, long-range planning, monthly
 
financial and statistical reports, retail rates, meter reading
 
procedure, billing and collecting practices, key operating
 
ratios, personnel administration, motor pool operations,
 
warehousing materials, inventory control, safety program and
 
accident reporting, membership signup, how to plan and hold
 
the annual membership meeting, bylaws for the rural electric
 
cooperative, rights and responsibilities of the member,
 
housewiring installation service drops and service entrance',
 
etc.
 

There would be a large number of bulletins or issuances
 
covering engineering and construction. These would cover
 
system design, materials specifications, and construction
 
standards. They are highly technical subjects but are most
 
important in securing program-wide standardization for
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economy, for assuring a well-built system which will give
satisfactory service and last a long time, and to provide
safety iri operating the system and using electric service.
 

All of these may be readily adapted from the series

of REA Bulletings developed over 40 years of experience
by the Rural Electrification Administration, U.S.D.A.,

Washington, D.C. 20250, U.S.A. 
Some of them already have
been modified as needed for use 
in the Philippines which
has conditions more nearly like those in Indonesia than
 
the United States.
 

As these guidelines and specifications are issued by
the national agency, copies should be delivered to the
 
borrower rural electric cooperatives.
 

Working with the Borrower Cooperative3.
 

Success of the program is going to depend on the amount
and the quality of guidance and supervision which the
national agency gives to the individual rural electric
cooperatives in the organizing period, during the engineering
and construction stages, and through the e-orly operating
 
years.
 

In addition to the formal training program and the
issuance of policy and procedures guidelines and require­ments, a field assistance staff must be created, trained,
and put into action. These are employees of the rural
electrification authority who will travel to the cooperatives
and work with the general manager, the key employees, and the
board of directors. 
Their job would be to interpret the
national program policies and procedures, and to provide
counselling and assistance on whatever problems develop,
and to assure compliance with standards of efficient opera­tions, safety, and member ownership. They would be, in fact,
an extension of the agency's training program.
 

It is suggested that during the development years of the
program, assistance be brought in from the NRECA to work
with the agency's field staff. 
The recommendation would be
to use the advisors as counterpart people who would encourage
the agency's field personnel and the key personnel of the
cooperatives to absorb as much as possible from their expe­rience gained from many years of management. (For further
information on advisory services for the program, see
Attachment 2, "Technical Assistance for Cooperative Rural
 
Electrification".)
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XIV. PROJECTING THE PROGRAM
 

One o7 two pilot projects -- or even a Phase I rural
 
electrification program of 12 cooperative systems -- would
 
have only a limited benefit for a country as large as
 
Indonesia. A token endeavor could scarcely justify the setting
 
up of a lending and administrative agency, concessional
 
financiiig from overseas sources, "pipeline" materials supply
 
and a special training program. The benefits from extension
 
of rural electrification, as demonstrated in the United States,
 
Taiwan, and the Philippines, are derived largely from the
 
full area-coverage concept.
 

Two Kinds of Expansion.
 

If full-scale development is contemplated, there could
 
be two kinds of expansion following the Phase I undertaking.
 
One of these would be the feasibility study and organization
 
of additional cooperative distribution systems, perhaps one
 
in earh kabupaten to give geographic spread to the national
 
program. The other kind if expansion could be extension of
 
the lines of the Phase I systems to cover more of the poten­
tial service area. Both aspects of the expansion program
 
could be carried on simultaneously.
 

Three maps of Central Java at the end of this chapter
 
illustrate how this might be undertaken in Phase I, Phase II,
 
and Phase III rural electrification. As suggested earlier
 
in this Report, one cooperative might be able to serve an
 
entire kabupaten where a small population combined with
 
satisfactory terrain and communication lines makes this
 
advisable. Larger kabupaten might be served by several coop­
eratives as illustrated in the map.entitled "Possible
 
Kabupaten Development" (page 115 ).
 

Assumptions for Program Projections.
 

For purposes of projection, there must be several assump­
tions:
 

(1) VWhat are the key figures involved in one model
 
cooperative system which could be regarded as typical? Of
 
the two models presented for illustrative consideration in
 
Chapter IX, the one for the Trenggalek area may be considered
 
the more typical in population density, geographic situation,
 
power supply availability, income level, anticipated power
 
demand, and expected economic development following energi­
zation of an area-coverage, non-profit distribution system.
 
This, then, serves as the assumed base for projecting a rural
 
electrification program in this study.
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(2) How many rural electrification cooperatives should
 
be projected each year after the Phase I program? An average

of 12 systems a year are contemplated for this projection.

It is believed that the figure will be less for the beginning
 
years of a continuing program and somewhat higher in later
 
years due to the accumulating effect of training and experience.
 

(3) Completion time from organization to energization of
 
a dis:ribution cooperative may be assumed to be 24 months, based
 
on experience elsewhere. The first two or three undoubtedly

will require longer than that, while those started later may

reach energization in a little under the 24 months assumed.
 

Projection Proportions.
 

Using these assumptions, the proportions of a projected
 
program can be roughly discerned at the end of 10 years or
 
20 years. On the basis of full feasibility studies and
 
determinations as to power cost3, investttent and manpower
 
inputs, and the kind of national administrative authority

desired, it should be possible to make year-by-year program
 
projections.
 

It is essential to consider such projections, but they

should be re-evaluated annually in the light of additional
 
information gained from experience.
 

It is most important to make sure projects are not
 
scheduled beyond the resources capacity which must sustain
 
them. Will there be generating capacity and construction of
 
transmission line ready to serve the distribution power

requirements on the projected schedule? Will the pipeline
 
of materials, equipment, and warehousing function at a level
 
which will permit the projected schedule for construction
 
of distribution systems? Will the financing for system

construction and initial operating credit and housewiring
 
loans be available?
 

A year-by-year projection covering financial requirements

only is presented in the table on page 111. It suggests

that a program with 12 cooperatives started in 1978 would
 
reach a total of 132 by the end of 1998. Required investment
 
in new rural distribution systems would be US$48 million or
 
Rupiah 20,750 million in the first program year. By 1988,

the annual investment requirement would be US$66 million
 
or Rupiah 27,390 Mrillion. The total investment to be advanced
 
through the proposed Indonesian rural electrification authority

would be US$638 million or Rupiah 264,770 million during the
 
first 10 years.
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To estimate total cost of electrifying Indonesia's rural
 
areas and its impact on the electric sector of the economy,

the investment in generating plant and transmission lines
 
should be included. They must be provided, whether by PLN
 
or in some other manner. Constructing distribution systems
 
can serve no purpose unless their required power supply

is generated and transmitted to delivery points. It is
 
generally accepted that the generating plant investment is
 
a little higher (110%) than that for distribution plant with
 
equal capacity, and that transmission runs at about 20% of

distribution system investment. Therefore, it 
can be cal­
culated that of any investment for complete electrification,

distribution plant makes up about 43%, generation about 48%,

and ransmission about 9%.
 

These financial input requirements for generation and
 
transmission are shown on the table, even 
though they are
 
not considered for the financing of the rural electric
 
cooperative themselves. Totals are estimated at US$115

million or Rupiah 47,725 million in the first year and

US$151.V million or Rupiah 62,997 in thetenth year.
 

Alternate Sources of Generation.
 

For purposes of this study and report, it has been
 
assumed that generatirn and transmission for rural electric
 
cooperatives would be provided by PLN and sold at a rate
 
near cost to the distribution systems. Considering the
 
magnitude of the power requirements in th projections and
 
considering "at some rural devel.opments in the outlying

islands may be beyond reach of PLN installations, it may be
 
useful to consider what are possible aliernatives in future
 
years.
 

In this country microhydro installations have been used,

but the overall practicality for an areawide rural coverage

is limited. 
 In the United States before the development of
 
a national grid, many remote rural electric cooperatives

operated their own diesel generating plants. Nearly all of

these have now been phased out as too expensive to operate.

In the Philippines, however, 29 of 52 operating cooperatives
 
are supplying their members with power from diesel generator

sets. This is expensive, but there is no alternative source
 
of power. Substantial numbers of people pay the high cost
 
of electrir service rather than do without.
 

Some comparisons in costs of alternative sources of
electri 
power in the future are presented in Attachment 4 of
 
this Report Future investment which the Government of
 
Indonesia might consider in the electric sector is 
further

convidered in the latter part of an "Economic Annex 

Rural Electrification" which is Attachment 5 to this Report.
 



INVESTMENT IN PLANT, YEAR-BY-YEAR, FOR A 10-YEAR PROGVAM 

OF RURAL ELECTRIFICATION 

(Millions of US$) 

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 Total 

Number of Systems 12 24 36 48 60 72 84 96 108 120 132 132 
Required New 
Investment 50.0 51.6 53.2 54.8 56.4 58.0 59.6 61.2 62.8 64.4 66.0 638.0 
Required NewGeneration 
Investment 55.0 56.8 58.5 60.3 62.0 63.8 65.6 67.3 69.0O 70.8 72.6 701.7 
Required 
Investment 

Total 

10.0 

115.0 

10.3 

118.7 

10.6 

122.3 

10.9 11.3 11.6 11.9 12.2 12.6 12.9 13.2 
126.0 129.7 133.4 137.1 140.7 144.4 148.1 151.8 

127.5 

1467.2 
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XV. EVALUATING PROGRAM BENEFITS
 

The REA Pattern.
 

During World War II, the Government of the United
 
States of America kept its rural electrification program
 
alive despite shortages in copper and other metals, man­
power and financing. Allocations were made to the rural
 
electric cooperatives because they were providing the vital
 
power needed to step up farm production. This was also a
 
time when vital industries were being moved out of cities
 
which had become vulnerable. The electric cooperatives
 
were supplying power in the countryside where it was
 
suddenly needed. New defense installations were located
 
around the nation's perimeters with regard for whether
 
rural electrification was in place.
 

Since then, rural electric cooperatives have continued
 
to spread and increase heir service capacity, helping to
 
make the American farmer the-most productive in the world.
 
Crops from U.S. electrified farms (now 98%) help to feed
 
the hungry people of many nations today. When the Rural
 
Electrification Administration in Washington, D.C., made
 
its first loans to electric cooperatives in 1935, only
 
one farm in 10 had electric service. At that time the
 
average farmer was feeding himself and 9 other people.
 
By 1975 he was feeding himself and 56 other people. Of
 
course, improved seed, better breeding stock, fertilizers,
 
and other developments all contributed to this great leap
 
forward, but electrification played a part in this, too,
 
by helping the farm family earn extra income to buy the other
 
ingredients for successful agriculture.
 

In Other Countries.
 

Other countries have seen the benefits that arise from
 
bringing electric power to rural areas, and have incorpo­
rated rural electrification in their plans for social and
 
economic development. The president of the Philippines,
 
Ferdinand E. Marcos, has called that country's rural elec­
trification "the cutting edge" of the development program.
 
It is recognized as one of the prime factors in the campaign
 
to narrow the gap between the affluent and the vory poor
 
people in the rural areas.
 

Although measuring the direct exclusive contribution
 
of electrification in the campaign to eradicate poverty can
 
be difficult, there is now ample evidence to show that the
 
availability of electric service is an essential element.
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World statistics reveal that agriculture is the principal
 
occupation of the rural poor. Any program input which
 
will produce more food for which there is a local need
 
or a commercial market, or which will provide more jobs
 
raises the individual level of living and improves the
 
general economy.
 

Farming and Fishing.
 

In a country like Indonesia, where rice is essential
 
to sustain the population, electric power is the cheapest
 
method of pump irrigation for paddies. It can be used
 
in those areas where dry seasons restrict gravity irrigation
 
or where unfavorable topography makes it impossible or too
 
expensive. Studies show electricity for pumping to be from
 
10 to 60% lower than diesel and gasoline engine power,
 
depending upon the wholesale cost of electricity.
 

Electric pumping for wet rice irrigation is most
 
frequently cited as a benefit because it makes possible two
 
crops a year instead of one -- and in some instances three
 
instead of one or two. But other crops, too, benefit from
 
electric water pumping. One result which has not been
 
surveyed but which is obvious to the observer who spends time
 
in the villages is the improvement in produce from small
 
vegetable patches when an ample supply of water is pumped
 
to spigots at convenient locations.
 

Another staple of diet in Indonesia is fish. Fish ponds
 
play an increasingly important role in the commercial supply
 
of fish, and here again electric pumping is an economic gain
 
over alternate power sources where fresh water ponds are used.
 

Getting fish and other seafood to market calls for
 
electric power to supply cold storage and to produce ice to
 
prevent spoilage. The Survey Team gathered no figures on
 
this, but were assured during their visits that more ice and
 
cold storage plants would be a high priority use of electric
 
power if it could be brought to the rural Rreas. Data from
 
the Philippines indicates that existing ice plants are
 
shifting from expensive, small diesel generation to the
 
cheaper electric power supplied from the rural electric
 
cooperative's lines. New plants are being built in several
 
locations which are now served for the first time by a
 
cooperative distribution system.
 

Sampling surveys made in the service areas of two
 
Philippine cooperatives showed central station electric service
 
to be from 10 to 40% lower in cost for rice mills than the
 
inefficient diesel units which were in use.
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All of these findings are in line with fragmentary

but similar observations in several Latin American nations
 
where pilot rural electric cooperatives have been developed.
 

Any country which intends to develop poultry and dairy
agro-industr must 
 first develop adequate low-cost electric
 
service because there is no alternative power that will do
 
the job of night-lighting, pumping and heating water for
 
sanitation, and cooling to prevent spoilage.
 

Possibilities for Industry.
 

Turning now to 
small and medium size industries, there are
dependable statistics available through the World Bank, U.N.
 
Agency for International Development, the United Nation
 
development offices, and other research F.-id 
financing agencies

to document the results which can be expeted from extension
 
of adequate electric power at reasonable rates to rural 
com­
munities.
 

In one of the Philippine's 52 operating electric cooper­
atives where recent survey data was collected, 297 new small

manufacturing industries, processing plants and commercial
 
establishments were started in the first 4 years of rural

electrification. 
A total of 1,062 new jobs were created.
 
This took place in the service area of Misamis Oriental Rural

Electric Service Cooperative. Other similar surveys are being

made, so that information on creation of new jobs in the

rural areas 
served by additional cooperatives can be available
 
shortly.
 

The MORESCO study referred to above was completed in
January 1976 by Xavier University, Cagayan de Oro City. 
It
 
found further that the income threshold for families who could
afford electric service was 
lower than what had been presumed.

Studies in other countries report similar findings. In El

Salvador, for instance: "Families begin to 
consume electricity

at very low income levels of around US$40 annually (that would

be 16,600 rupiah) per capita; 
this is in the lowest tenth of
 
per capita income in El Salvador (average per capita income
 
was US$320 in 1972). 
 The number of families connected and

their average consumption levels rise very rapidly with
 
income level -- a doubling of income more than doubles average
 
consumption."*
 

*International Bank for Recohstruction and Development, "Costs
 
and Benefits of Rural Electrification", P.U. Report No.
 
RES 5, page 74.
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Throughout the Philippines, as in other countries,
 
it is found that after the cooperative had built the electric
 
line and was offering a credit plan for housewiring, it did
 
not take marginal-income families long to decide that elec­
tric lighting was cheaper than the use of kerosene or
 
candles.
 

Kerosene Vs. Electric Lighting.
 

For Indonesia, the average monthly consumption of kerosene
 
for lighting is estimated at about 16 liters per household
 
in rural areas. This would operate a pressurized kerosene
 
lantern such as a Petromax for about 3 hours per night. The
 
cost at the current subsidized price of kerosene comes to
 
about 640 rupiah for a month. The light from a pressurized
 
kerosene lantern is about equivalent to two 40 watt florescent
 
tubes. In a month this would total 10 kwh of electricity,
 
representing a cost of about 332 rupiah (US$0.80) at the
 
projected retail rate of 33.2 rupiah (US$0.08) per kwh used
 
in this Report. This would indicate that electric lighting

would cost about half the present cost of lighting with a
 
kerosene lamp.
 

There are additional factors to be considered. Electric
 
liqhting is safer and less trouble than kerosene. And the
 
cost of housejiring against the cost of a lamp also favors
 
electricity if one considers the comparative life expectancy
 
of the two. The cost of the kerosene subsidy to the
 
Indonesian Government is substantial and that constitutes
 
still another factor in evaluating a rural electrification
 
program.
 

Another interesting finding in the Xavier Univ-rsity
 
survey already cited was the more hopeful attitude about the
 
future which rural people revealed after electric lights and
 
power brought benefits into their lives.
 

Other Benefits.
 

Other benefits should also be cited:
 

There is the added security of night lighting. One
 
woman in Sapang Palay, Bulacan Province of the Philippines,

spoke for many when she said: "Now there are lights on the
 
road where the bus stops. I walk to my house feeling safe.
 
No more fear of the dark." Sapang Palay is a resettlement
 
community of 8,000 families removed from Manila's squatter
 
slums. The rural electrification program financed by the
 
National Electrification Administration now serves 65 % of
 
the households there.
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-- Three new industries have built plants in Sapang

Palav now that electricity is available and they already

provide 250 new jobs, with more coming by the end of this
 
year. Jobs in rural communities keep people from migrating
 
to already overcrowded cities.
 

-- Health and sanitation is greatly improved anywhere

by low-cost electric power. It has been used in villages
 
to pump water for the families. Rural medical clinics
 
use the electricity to boil water and sterilize instruments,
 
to refriqerate vaccines and medicines, and to furnish lighting
 
in the evening and at night.
 

-- Electricity brings to the many very small stores and
 
shops better lighting and a refrigerator so that perishable
 
foods and cold drinks can be sold. Even where ice can be
 
purchased, electric refrigeration is cheaper and more efficient.
 

-- Village schools -- and here again the Philippine

experience is cited -- are more fully used by electric lighting

which permits evening classes and community activities in the
 
buildings. In some areas television can be utilized to make
 
up for lack of teachers, especially in technical subjects.
 

-- There is a safety factor in electric lighting, by
reducing the danger of household fires from open-flame lighting. 

-- Benefits of rural electrification to women can be
 
measured by tabulating their responses when asked how they
 
use electric light and power in the home. Survey data point

first to appreciation of the better, cheaper lighting in
 
finishing up evening household chores and in extending the
 
family income with handicrafts and other cottage industry which
 
can be done at night. The first appliance purchased is usual­
ly an electric iron to replace charcoal irons and other
 
cumbersome methods of pressing clothes. More affluent house­
holds purchase refrigerators, electric sewing machines,
 
electric fans, radios.
 

Some of the above benefits can be measured and evaluated
 
by statistical methods. Others are not susceptible to this
 
kind of quantitative appraisal, and these may be of even
 
more importance in the long run.
 

One of these is the sense of participation that can come
 
from membership in a rural electric cooperative. In every

nation there are great masses of people who exist outside
 
the mainstream of that pattern of life which characterizes
 
government and business concerns. For many parts of
 
Indonesia there exists a spirit of community sharing in
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work that has to be done, but throughout most of the world
 
the rural poor are observed to feel alienated from what
 
happens bryond their family and immediate neighborhood.
 

It has been observed that cooperatives bring to their
 
members some realization of ownership in a small way. With
 
a good member relations program and honest operations which
 
are truly consumer-oriented, the cooperative can build among

its members a substantial sense of "belonging" and respon­
sibility. It is this sort of attitude that lends dignity
 
to individual human beings who are so often referred to as
 
"the rural poor".
 



ATTACHMENT 1. ECONOMIC ANNEX - RURAL ELECTRIFICATION
 

Summary.
 

This annex seeks to address four questions relevant to rural electrification
 
in Indonesia. These are:
 

Can the rural Indonesian population afford electricity? How broad a
 
spectrum of the Indonesian income distribution are the consumers of
 
electricity likely to represent? Are the economic benefits of rural
 
electrification sufficient to justify the investment costs? Approximately
 
how much investment financing can be expected to be available for allocation
 
to rural electrification in the future?
 

In summary, the answers to these questions are as follows: Based on
 
available information on rural Java, it appears highly likely that 90% of
 
the rural population are potential customers for rural electrification.
 
Indeed, perhaps as high as 55% of the rural population could reduce their
 
current cash outlay on lighting by switching to electricity. Data on the
 
income distribution of rural users of electricity in El Salvador and the
 
Philippines, when compared with Indonesia, would indIcate that 50% of
 
consumers of electricity are likely to come from the bottom two-thirds of
 
rural Java society. The enalysis of the economic costs and berfits of two
 
illustrative rural electrification projects on Java shows internal rates of
 
return of 25% to 30% may be expected. Finally, with regard to financing

availabilities, a preliminary assessment would indicate that an annual level
 
of up to $75 million in 1985 and $250 million in the year 1995 (in 1976 
prices) may be estimated for the type of rural electrification distribution
 
program that is under review here. Cumulatively, under this maximum
 
projection, 8% of the rural population would be connected to electricity by
 
1985 and 45% by 1995. Actual investments and connections may be less than
 
this, however, depending~nhe rate at which a rural electrification program
 
is implemented.
 

Can Electricity Be Afforded?
 

The minimum monthly per capita charges (assuming a family size of six) for
 
electricity in the Philippines and E2 Salvador are Rp. 48 and Rp. 26. The
 
threshold monthly per capita income levels for electricity consumers in
 
the Philippines and El Salvador are about Rp. 700 and Rp. 1,200
 
respectively. The minimum monthly electricity charges represent 6.9% and
 
2.2% of the threshold incomes in the Philippines and El Salvador. If one
 
applies the higher of these percentages to Indonesia and assumes a minimum
 
electricity use charge in Indonesia of 15 KWH/month at $.08/1KH ($1.20
 
monthly per family or $0.20 (Rp. 83) per capita), then the threshold
 
monthly income level for electricity consumption in Indonesia can be
 
estimated at Rp. 1,200. Over 90% of the rural Java population have incomes
 
at or above this.
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It is worth commenting cn,the somewhat surprising fact that although the
 
minimum monthly charge for electricity in El Salvador is lower than in the
 
Philippines, the threshold income level for electricity consumption is
 
higher in El Salvador. Although thi may be a reflection of statistical
 
and social-economic differences between the two countries, a probable cause
 
relates to costs of alternative sources of lighting. The lower the income
 
level of the consuiner, the greater the probability that his primary use for
 
electricity will be lighting. The El Salvador analysis is based on 1972
 
data. Petroleum prices at that time were such that kerosene lanterns were
 
a cheaper source of 7.ght than electricity. Hence, the relatively lower
 
interest by the poorer s-Crata of the population in using electricity even
 
with a low minimum monthly charge. The result being a higher threshold
 
income for electricity consumption. In contrast, the Philippines' at, ess­
ment was carried out in 1975, after the price of petroleum products h~d
 
tripled. At current prices, lighting with electricity is significantly
 
cheaper than lighting with kerosene. Hence the lower income threshold in
 
the Philippines.
 

One can also seek to assess the ability of the rural Indonesian population
 
to pay for electricity by analyzing what is currently being spent on
 
kerosene (primarily for lighting). Based on the 1969/70 consumption
 
survey, the average rural per capita consumption of kerosene is one half
 
that of urban areas. Given total kerosene consumption of 5.5 billion
 
liters, this indicates that the average per capita consumption of kerosene
 
in rural areas is currently 2.7 liters monthly. For a fanily o' six this
 
is equal to 16.' liters monthly at a cost of Rp. 648 (equivalent in value
 
to about 3% of average monthly income). This amount of kerosene would
 
operate a pressurized kerosene lantern for about 3j hours a night through­
out the month. Such a lantern provides light roughly equivalent to two
 
40-watt fluorescent bulbs. During a month, the electrical equivalent of
 
the above kerosene lamps would require about 8.4 KWH of electricity. At
 
a price of $.08/KWH (Rp. 33/KWH) this would cost Rp. 280 per family (Rp. 46
 
per capita). This is less than half what is currently being spent on
 
kerosene by the average rural Indonesian family. At these prices and
 
rates of utilization, the net savings on lighting expenses would cover the
 
cost of house wiring in about two years. (It is worth commenting that the
 
significant advantage of electrical lighting is a reflection of the sharp
 
increase in the price of petroleum products in the past few years. To
 
produce an equivalent amount of light, one-sixth the amount of fuel is
 
required with electrical generation as with a kerosene lamp.)
 

If one assumes that (a) the above estimate that on the average 3% of rural
 
income is spent on kerosene applies to all income levels and (b) the
 
minimum allowed household monthly electricity charge is Rp. 500 (15 KWH
 
at $.08/KWH), then at all per capita income levels above Rp. 2,800/month,
 
a switch to electricity would reduce consumer expenditures. About 55 per­
cent of the Java rural population have incomes at or above tLs level.
 

In summary, two alternative approaches indicate that (a) the threshold
 
income for electricity consumption in Indonesia would be about Rp. 1,200/
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month (90% of the rural Java population having higher incomes) and (b) at
 
monthly per capita incomes above Rp. 2,800 (55% of the rural population 
having higher incomes), consumers would save money by switching to
 
electricity. It seems highly likely that the bulk of the Indonesian rural
 
population can afford electricity. Naturally, area specific household
 
surveys will be necessary to verify the applicability of this general
 
conclusion to specific project sites.
 

Income Distribution of Electricity Consumers.
 

Data are available in the USAID on the per capita income distribution of
 
rural consumers of electricity in El Salvador and the Philippines. The 
attached graph compares these with the distribution of per capita income 
in rural Java.
 

Several comments regarding the data are necessary before trying to milk
 
it for whatever relevant information it contains. First, making these
 
comparisons requires converting income data in pesos and colons to dollars
 
and then to rupiahs. Any or all of the three foreign exchange rates in­
volved may be inappropriate for making inter-countrj income comparisons.
 
Second, the income distribution information was probably obtained
 
differently and with different inaccuracies in each country. Third, the
 
data for El Salvador are for 1972 and should be adjusted for the real
 
economic growth, inflation, and chasmes in income distribution that have
 
occurred in the last three years. In addition, in 1972 the price of
 
kerosene favored its use over electricity for lighting, strictly on a cost
 
basis. This price relationship has now been reversed and presumably will
 
lead to an increasing portion of the lower income population using 
electricity in El Salvador. Fourth, the Indonesian data are based on a
 
1969-70 survey of consumption distribution. Although adjustments have
 
been made for inflation and real economic growth, no correction has been
 
made for changes in the pattern of consumption distribution or the
 
difference between income and consumption. Lack of available information
 
has made it impossible to make any of these adjustments. However, since
 
the data have been primarily used for comparisons within individual
 
countries (e.g., rural electricity consuners in the Philippines in
 
relation to the rural Philippine population as a whole), these data short­
comings have been minimized.
 

In any event, crude as they miist be, certain comparisons may be made using 
the attached data. In particular, it is useful to relate median income
 
levels for electricity consumers and median and average income levels for
 
the rural population as a whole. It must be borne in mind that the
 
applicability of the general conclusions reached below will have to be
 
verified through project specific feasibility studies.
 

The median monthly per capita incomes for the rural populations as a whole
 
in Java, the Philippines, and El Salvador are Rp. 2,900, Rp. 2,400, and
 
Rp. 3,200 respectively. In the Philippines and El Salvador the median in­
comes of consumers of electricity are 1.5 and 1.8 times greater than the 
median incomes of the rural population as a whole.
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As discussed above, as a result of the increase in kerosene prices, it is
 
to be expected that a greater portion of the poorer strata of the El
 
Salvador rural population will become consumers of electricity. This
 
should result in the ratio of median incomes of electricity consumers to the
 
overall rural population in El Salvador declining to a figure closer to that
 
of the Philippines. Applying the Philippine ratio of 1.5 to Java, results
 
in the estimate that the median income of consumers of electricity in rural
 
Java will be 1.5 x Rp. 2,900 or Rp. 4,350 monthly. Based on the estimated
 
income distribution in rural Java, this indicates that 50% of the consumers
 
of electricity will come from the bottom 75% of society.
 

An alternative approach is to relate the median income of electricity
 
consumers directly to the corresponding percentile on the overall income
 
distribution. The median inccme for electricity consumers corresponds to
 
the 67th percentile of the overall Philippine income distribution and the
 
72th percentile in El Salvador. Since the overall income distribution is
 
more unequal in E! Salvador than in the Philippines and more unequal in the
 
Philippines than in Java, one would expect that the median income of
 
electricity consumers on Java would correspond to a lower percentile than
 
in either the Philippines (67) or El Salvador (721). However, using the
 
Philippines figure as a conservative estimate yields a median per capita
 
income for consumers of electricity in rural Java of Rp. 3,700 monthly.
 

For perspective it is worth noting that an estimated 67% of the rural Java
 
population have levels of incomec less than the estimated Rp. 3,700 required
 
monthly to provide a minimally adequate level of nutrition. Based on the
 
above it seems highly likely that the bulk of the consumers of electricity 
will belong to the raral poor. 

Econcrmi Berie: s and Costs of Rural Electrification. 

The economic costs of rural electrification are the investment in house
 
wiring, distribution, and bulk power purchases (which include an appro­
priate capital charge for marginal generator and transmission investment),
 
and operations and maintenance of the rural electrical system. The cost
 
of housewlring is estimated at $24 per home.
 

Distribution investment per customer served is a function of basic per
 
kilometer constraction cost (here conservatively estimated at 50% greater
 
than in the Philippines), population density ( four times higher in Java
 
than in the relevant areas of the Philippines), and the percent of the
 
adjacent population that it is estimated will initially connect (50% in 
the Philippines and estirated at a conservative 30% to 1.0 In rural Jav&). 
The net result of the above comparative figures is a distribution cost 
per connection in Indonesia that is 504 of that in the Philippines. After 
the initial basic system investments are made, the marginal investment
 
required for additional connections falls sharply. For the two illustra­
tive systems analyzed here, the investment per connection falls from $240
 
to $370 in the first year to $80 to $90 in the tenth year. Over a several
 
year period distribution investment will average about $10/connection.
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Tot,4. initial distribution investments for the two illustrative systems are
$4.. million and $3.5 million.
 

Bulk power purchases are projected to cost $O.O4/KWH based on the current
recommended tariffs for PLN. This includes an appropriate allowance for
depreciation of generation and transmission investment. 
Therefore, no
additional charge needs to be added for additional PLN investments that
may be required in the future. 
For the economic assessment, an additional
$0.015/KWH was added to adjust for the current fuel subsidy PLN is re­ceiving (price of petroleum fuel is about 50% of true 
economic cost). 
For the purpose of this analysis, the economic benefits of rveal electri­fication have been considered to consist of two components. One component
is the value of KWH sold at a price of $0.08/KWH (for Trenggalik kabupaten)
or $O.073/KWI 
 (for Tangerang kabupaten). 
 These are considered appropriate,
indeed probably conservative, measures of the economic value of electric
power given the fact that many of the rural electric systems in the
Philippines charge more than this and that PLN currently charges more than$.06/KWH in many areas of Indonesia and is unable to meet the demand at
that price. 

The second component of benefits is the economic savings of using elec­tricity for lighting rather than kerosene. A pressurized kerosene lantern
requires one liter of kerosene for six hours of operation. The cost of

this kerosene is:
 

Indonesian wholesale price 
 Rp. 18/liter

Indirect subsidy 
 30/liter

True economic wholesale price 48/liter

Distribution and marketing 
 22/liter

Economic retail cost 
 70/liter
 

A kerosene lantern of this type provides illumination approximate to that
of two 40-watt fluorescent lights. 
 Their daily operation requires

0.48WH (2x4ox6)
 

1000

That is to say, one liter of kerosene in a lantern provides an amount of
light equivalent to 0.48 KWH. 
Alternatively 
one KWH (at an economic cost
of $0.095, of which about $0.03 is fuel cost5 
provides an amount of light
equivalent to that provided by 2.08 liters of kerosene in a lantern (at an
economic operating cost of Rp. 145 ($0.35) all of which is for fuel). 
 The
economic savings per KWH used for lighting are $0.255 ($.35-$.095). 
For
the analysis carried out here, it has been assumed that 50% of electricity
consumption will be residential and that in the first year 80% of residen­tial electricity utilization will be for lighting and that this will

decline to 50% by the tenth year.
 

Based on the above assumptions and estimates relative to costs and bene­fits and the detailed projections made by the consultants for load growth,
investment costs, and operation and maintenance, the economic internal
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rate of return for the illustrative Tangerang and Trenggalik projects are
 
30% and 25% respectively. To check the sensitivity with regard to the
 
projections made for load growth, the latter were reduced by 33%. 
This
 
reduced the internal rates of return to 23% and 20% -- still a very satis­
factory rate of return.
 

Future Investments in the Electric Sector.
 

Guessing what might be a rough order of magnitude of available future
 
financing for rural electrification requires estimating (1) future growth

in GDP, (2) total government investment as a per cent of GDP, (3) the
 
portion of government investment allocated to the electric power sector,

and (4) the portion of electric power investment allocated to rural
 
electrification. All of these are highly speculative and any results must
 
be considered indicative only.
 

The assumptions made are:
 

1) GDP in 1976 will equal $38 billion and grow thereafter at 7.5%
 
annually ( in constant prices).
 

2) 	As a high alternative, investment in electric power is projected
 
to remain at the same percent of GDP that it is now.
 

3) 	 Reflecting recent government statements, government investment 
will fall from 9.21 of GDP in 1976 to 7% iD 1978 and remain 
at that percentage. 

4) As a medium alternative, electric sector investment is projected
 
to remain at its 1976 level of 11.7% of government investment.
 

5) As a low alternative, electric sector investment is projected to
 
decline from 11.7% of government investment in 1976 to 8% by 1980.
 
(The latter percentage represents the planned Repelita II
 
allocation to the electric sector.)
 

The results of these assumptions are the following:
 

Government Investment in Electric Sector
 

Year High Alternative Medium Alternative Low Alternative 

1976 $ 410 million $ 410 million $ 410 million
 
1980 550 
 415 285
 
1985 785 
 600 410
 
1990 1,130 860 
 590
 
1995 1,620 	 1,230 840 

For the purpose of discussion, it is assumed that the high alternative
 
represents a probable upper limit of future GOI investment in the electric
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sector and that investment directed toward rural electrification plus the
associated generation and transmission investment required will ultimately

rise to no more than one third of total electric sector investment. For
the purposes of assessing the hizh aIE-rnative, it is estimated that in 1985
20% of total electric sectov Irivstmen,. will be directed toward rural elec­
trification (including associated generation and transmission as well as
rural distribution) and that this will increase to 33% by 1995. 
This would
yield total funds available for rural electrification in 1985 of 0.2x785=

$158 million and 0.33xl,620=$540 million in 1995.
 
Rough estimates of average investment required per rural electric customer
 

are (in 1976 prices):
 

Rural distribution 
 $180/connection
 

Generation cost of' 0.38 KW at $450/IKW 
 166
 

Primary transmission costs 34
 

Total $380/connection
 

This in combination with the preceding paragraph yields estimates for the
number of new rural customers added in 1985 and 1995 of 400,000 and

1.4 million respectively. 
Under this set of assumptions, 8% of the rural
population would have electricity by 1985 and 45% by 1995. 
With regard to
the investment in rural distribution (the type of investments this loan
proposal is addressed to), at $180/connection these figures indicate annual

rural distribution financing potential availabilities in 3.985 of $75 million
 
and $250 million in 1995.
 

Although based on very speculative projections the above estimates probably

are close to the upper limit of possibility. Alternatively, utilization of­
the low projection of total electric sector investment would reduce rural
distribution investment financing availability. Similarly, utilization of
a more conservative estimate of the fraction of total electric sector in­vestment that will be allocated to rural electrification would also reduce
 
the pace of projected rural electrification.
 

Prepared by James A. Norris, May 1976
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Per Capita Income Distribution 
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ATTACHMENT 2. 
 ALTERNATIVE POWER SOURCES
 

In considering power sources for rural electric service in Indonesia
or in any other country, the choices are limited by available resources
and the existing pattern of generation and transmission. Power supply
for Indonesia was discussed in Chapter IV of this 
Report. in consider­ation of the very large demands which would be required to sustain a
full program of electric distribution systems for the rural areas, it
iniy be useful to examine costs of the possible alternatives.
 

There would seem to be three alternatives for the future:
 

(1) 	Purchase power needs from an existing transmission network or
 
plant.
 

(2) 	Construct and operate fossil fuel generating plants.
 

(a) 	Steam
 

(b) 	Gas turbine
 

(c) 	Diesel
 

(3) 	Construct and operate hydro generating plants.
 

(a) 	Conventional plants
 

(b) 	Minihydro installations
 

Purchased Power
 

PLN presently ooerates the only central station power network in
Indonesia. There is 
a large amount of "captive" 
or private generation
operating, which, as 
ceutral service becomes available, is being shut
down 	or placed 
in "cold" reserve. 
As described elsewhere, PLN is
expanding its network and generating facilities and expects to nearly
double its installed generating capacity by the end of 1979. 
Genera­tion 	will be added incrementally through that time and long-range
plans for additions exist, based on load projections developed in part
by statistics on 
population growth and part by consideration of unserved
areas. 
With the development of PLN's 3ystem under construction, it would
appear that by the time rural distribution systems could be constructed,
firm power from PLN'% 
grid 	would be available to meet the needs of rural
distribution systems. 
 This is particularly apparent in Java, North and
West Sumatra. 
 PLN, as stated elsewhere in this Report, has determined
that it has a responsibility to provide such power.
 

Generating Plants 
(Fossil Fuel)
 

In considering the size of generating capacity needed in the forma­tive and early operating stage (10-15 years) of a rural system to meet
consumer demands, steam and gas turbine type generating units are entire­ly too large (20 MW and larger) for consideration to supply a simple
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system. 
Diesel electric units in the 2000 KW range would be satisfac­tory for use to supply individual rural systems. 
 To ensure reliability,

a minimum of two units should be installed initially with more units
added as demand increases. Investment in a diesel plant is estimated

in 1978-1979 dollars to be US $450 (Rupiah 186,750) per nameplate KW.
 

For an initial installation of two standard commercial units ratedat 2100 KW each, the estimated installed cost ready to operate would beUs $1,890,000 (Rupiah 784.4 million). Cost per kwh delivered may be
 
calculated as follows:
 

ASSUMPTIONS
 

(1) 	Minimum unit size: 
 2625 	KVA
 

2100 	KW @ 80% P.F.
 
(2) 	Investment per KW: 
 US 9450 (Rupiah 186,750)
 

(3) 	Heat rate--typical engine (new):
 

load % KW 0 80% P.F. BTU/kwh 

100 2100 9760 

(4) Heat content--diesel fuel: 19,200 BTU/pound 

(5) Cost of fuel: 

Consumer price Real price 

Cost/litre Rp 22 (US $0.053) Rp 44 (US $0.106) 

Cost/pound Rp 11 (US $0.0265) Rp 22 (US $0.053) 

Specify gravity of fuel is about 0.904.
 

(6) 	Operation and maintenance costs
 

(without fuel): 
 3.5% 	of investment
 

(V) 	 Depreciation (20 year life): 5% of investment
 

(8) 	Cost of money:
 

Opportunity (commercial banks) 
 15% of investment
 

PLN 	(World Bank) 
 8.5% 	of investment
 

Concessionary (USAID) 
 2% of investment
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(9) 	System annual plant factor: 20%
 

COST OF DIESEL PLANT GENERATION 

Cost of money (in %) 2 8.5 15 

Depreciation as %of investment 5 5 5 

Operation and maintenance
 

(less fuel) % of investment 3.5 3.5 3.5
 

(I) 	Total annual fixed charge rates 10.5% 17.0%, 23.5% 

(2) 	Fuel cost:
 

Consumer price Real price
 

Cost/million BTU Rp 572.92 (US $1.38) Rp 1,145.83 (US $2.76)
 
)

(price x 10 


( 19,200 )
 

Fuel cost/kwh Rp 5.59 (US $0.0135) Hp 11.18 (US $0.027)
 

(cost/million BTU x heat rate) 

106)
 

(3) 	Generating cost/kwh at 20i plant factor:
 

Cost of money 2% 8.5% 1.5%
 

Fixed charges/kwh US $0.027 ITS $0.044 US U.06
 

Rp 11.21 Rp 18.26 Rp z4.9 

(Investment x annual fixed charge rate) 

( 8760 x .2 ) 

(4) 	Generating cost + fuel cost = cost/kwh
 

http:1,145.83
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(5) Cost of power (diesel generation) per kwh:
 

Cost of money 

Ip 22 (13S 

Fuel cost/litre 

$0.053) Rp 44 (uS $0.106) 

2% US $0.mo/05 

Rp lb.60 

US $0.0539 

Rp 22.39 

84% US $0.0575 

Rp 23.85 

US $0.0709 

Rp 29.44 

15% US $0.0735 

Rp 30.49 

US $0.0869 

Rp 36.08 

Hydro Power Plants
 

The construction of conventional hydro sites is tine-consuming and
 
costly, with a construction period of four to seven years and an invest­
ment of US $800-$1,200 per KW delivered. These factors would make devel­
opment of such power sources unsuitable for rural systems in their ini­
tial stages, particularly if the investment is assumed to be made under
 
the nral electrification program suggested in this Report.
 

Minihydro plants are small (50IW-200K) and can be installed within
 
a short time span, since the civil construction work is relatively simple

and units usually are available in stock sizes. The investment per KW,

however, is usually much higher than conventional plants. A recent
 
installation in Sumatra was reported in the press as being rated
 
80 KW and costing Rp 61,758,000 (US $148,800) or Rp 772,000 (US $.,860)
 
per installed KW. Using these values, we can estimate the cost/kwh:
 

Investment/W 
 US $1,860 (Rp 772,000)
 

Operation and maintenance costs 1% of investment
 

Depreciation 
 3% of investment
 

Cost of money 2% or 8.5% 
or 15%
 

Annual fixed charge rates 6% or 12.5% or 19%
 

Plant factor 
 20%
 

Cost/kwh = Investment x annual fixed charge rate 
8760 x plant factor 
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Cost of money 27. 8.5% 15%
 

Cost/kwh US $ 0.064 0.133 0.201
 

Rp. 26.56 55.2 83.42
 

Conclusions
 

It may be seen from the above analysis that purchasing bulk power

at network transmission voltages, where available, is the preferred
 
source 
for rural electric systems. Some of the reasons are:
 

1. Since load factors on rural systems are low, a better use of
 
installed capacity is obtained by operating such systems from a large

network rather than from isolated plants. By using power from the
 
grid, maximum economy of fuel will also be achieved.
 

2. The normal growth of a rural system requiring more energy will be
 
easier to supply from a grid due to the diversity of a large system
 
over isolated generation.
 

3. By using available investment funds in this program for construct­
ing lines rather than generating plants, more population can enjoy
 
electric service.
 

4. Maintenance of generating plants requires skilled mechanics. To
 
employ such skills for two or three machines may be considered a waste
 
of manpower.
 

5. It is apparent that there is no appreciable saving in self-genera­
tion over purchased power. In fact purchased power should in the long

pull be more reliable and should effect rupiah savings.
 

6. Assuming the use of concessional rate loan money for self-genera­
tion financing, however, generation costs of isolated diesel plants

would be competitive or possibly lower than PLN central station sources.
 
Of course, this consideration could be applied to other forms of genera­
tion as well. The conclusion to be drawn is that,under certain circum­
stances, isolated rural electrification systems could be developed with
 
no financial penalty compared to those using energy from the grid.
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ATTACHMENT 3. BASIC SYSTEM CRITERIA 

ELECTRICAL DESIGN CONSIDERATIONS 

1. Frequency.
 

Any new rural distribution system in Indonesia should be 50 hertz,
 
to conform with existing usage.
 

2. Distribution Voltages (Nominal).
 

a. By Decrees No.08/K/70 and 09/K/70 of the Director General of Power
 
and Electricity, Ministry of Public Works and Power, voltage standards for
 
distribution systems in Indonesia have been established. The primary
 
voltage of 20 KV (nominal) with a maximum of 24 KV is the most attractive
 
voltage to be used for rural projects. This voltage is now being used
 
extensively in Indonesia and does not require introduction of another class 
or size of equipment and materials. Further, the reduction in voltage drop 
and losses for the same loading, wire size, and line length more than off­
sets the slight additional costs of using this higher voltage over a 
7.2/12.47 KV primary system. Voltage drop and losses at 11.55/20 KV are 
0.3888 compared to 1.0 at 7.2/12.47 KV primary. Increase in capacity or 
line length using the same voltage drop and wire size are 2.572 at 11.55/20 
KV compared to 1.0 at 7.2/12.47 KV primary. 

The system may be safely operated near the maximum primary voltage
 
(13.8/23.9 KV) since manufactured equipment and designed insulation levels
 
are 125 KV BIL minimum. This higher level of voltage will increase system
 
capability and capacity at no increase in cost.
 

b. Secondary voltages in all areas of Indonesia are being changed from
 
127/220 V, four-wire, three-phase to 220/380 V (nominal) four-wire, three­
phase. Motors, appliances, equipment, lighting fixtures, and lamp bulbs
 
are being marketed for the 220/380 V service making the use of this standard
 
voltage attractive if not mandatory. Further, use of this voltage will 
reduce consumers' wiring costs. Single-phase systems should be two-wire 
220 V, and three-wire 220/440 V. Three-phase systems should be four-wire 
220/380 V. 

3. Service Voltages (Nominal) with Use and Maximum Loadings.
 

a. 220 V, two-wire, single-phase should be used for miscellaneous 
residential and commercial loads, 10 KVA and below. Maximum individual 
motor size is 10 HP. 

b. 220/440 V, three-wire, single-phase should be used for miscellaneous
 
residential and comercial loads, 50 KVA and below. Maximum individual
 
motor size is 10 HP.
 

c. 220/380 V, four-wire, three-phase should be used for miscellaneous 
co ercial and industrial loads, 25 KVA and above, provided individual
 
motors 15 HP minimum or other three-phase equipment, 25 KVA or more, are
 
installed. Maximum load at this voltage is 500 KVA.
 

http:7.2/12.47
http:7.2/12.47
http:7.2/12.47
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d. Industrial or comercial loads of 500 KVA or more should be given
 
special consideration on a case by case basis. They may be served at 
primary voltage (11.55/20 KV, four-wire, three-phase) or 220/380 V, four­
wire, three-phase, dependent on rate structure and availability of large 
transformers. 

4. Inuulation Level, Creepage Distance, Etc.
 

a. Insulation for the primary system must withstand normal operating
 
voltages and switching surge voltages without flashover or failure.
 
Sufficient impulse insulation strength (BIL) muct also be provided so' that
 
the system can be protected by suitable lightning arresters. Further,
 
insulators and bushings. in air, must have adequate creepage distance so that
 
there will be practically no 50 hertz leakage current. At altitudes over
 
1,000 meters or in contaminated areas extra creepage should be provided.
 

b. Since standard equipment has been developed for this voltage class
 
(14,400 V, line-to-ground) and has been in service and proven world-wide
 
for many years, the system should be designed to meet these insulation
 

)'isc1.fied .y the
 
American National Standards Instituti-!, New York City, U.S.A., and in REA
 
Bulletin 43-5, Rural Electrification Administration, Washington, D.C., U.S.A.
 

parameters, using standaris for 	 ',l'is&.m' '-i'1 

(1) 	Basic insulation level (.L) - distribution class, 125 KV.
 

(2) Switching surge voltage - three times normal line-to-ground
 
voltage.
 

(3) 	Minimum creepage distance (approximately I inch/l000 volt
 
13 inches. 

(4) Extra insulation to be provided at line angles and deadends
 
to preclude flashover due to increased values of surge voltage
 
caused by reflection. 

(5) No increase in standard creepage distance for systems constructed
 
below 1,000 meters in areas relativcly free from contamination.
 
Should it be determined that sections of the system require
 
increased creepage distance they should be considered for each
 
individual case.
 

(6) 	Equipment used will be according to t.e standards noted and
 
meeting these insulation and creepage values:
 

(a) Line insulation, pin insulators - use ANSI Class 56-1, 
insulators. 
Leakage distance 13 inches (33 cm.) 
Wet flashover 60 KV 
Dry flashover 95 KV 
Critical impulse flashover 150 KV 



3-3 

(b) Line insulation, angles and deadends, suspension

insulators - use two insulator units per deadend,
 
ANSI Class 52-4.
 

Wet flashover 
 90 KV
 
Dry 	flashover 
 155 	KV

Critical impulse flashover 255 	KV 

(c) Equipment bushing insulation, distribution class -
ANSI-C57.12 series.
 

Bushing creepage distance 
 17.75 	 inches (45 cm.)
Withstand voltages
 

10 seconds wet 36 KV
 
1 minute dry 42 KV 

Impulse withstand voltage (BIL) 125 KV
 

(d) Transformer winding insulation distribution class ­
ANSI-C57.12 series.
 

Impulse withstand voltage (BIL), full wave 
 125 	KV
Impulse, chopped wave 
 145 	KV
Minimum flashover time 2.15 micro-seconds
 
Low frequency dielectric 
 40 KV
 

(e) Secondary and service system will be designed using

material and equipment for less than 300 V phase-to-ground,

according to ANSI standards:
 

i. 	Insulators (spools) for secondary conductors will be
ANSI class 53-2 and 5304 with these electrical values:
 

Low-frequency dry flashover 
 25 KV
Low-frequency wet flashover, vertical 
 12 KV
 
horizontal 15 KV
 

it. Insulators (spools) for service conductors will be
ANSI class 53-1 with these electrical values: 

Low-frequency dry flashover 
 20 KV
Low-frequency wet flashover, vertical 8 KV 
horizontal 10 KV 

iit. 	Covering on phase conductors of multiplex service

cables should be cross-linked polyethylene (XLP),

with minimum thickness of covering:
 

http:ANSI-C57.12
http:ANSI-C57.12
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#2 AWG anad smaller 0.45 inches (1.15 mun)
#1/0 AWG through #4/0 AWG 0.60 inches (1.52 mam) 

Covering shall be capable of withstanding continuously,

from conductor to ground, applied voltage of 1000 V at
 
50 hertz for 5 minutes.
 

5. Voltage Levels, Spreads, and Dro7.
 

a. ANSI C84.1 presents standards for maintaining adequate voltage

levels at service and utilization points. These points are defined as:
 

(1) "Service point" - the point at which systems of supplier and 
user are connected (kwh meter). 

(2) "Utilization point" - the line terminal of the equipment using 
energy (lamp socket, convenience outlet, motor terminals, etc). 

b. Lighting and appliances can operate on a fairly broad spread of
 
voltage above and below their rated voltages. Of course, when the spread

is held closer to the rated or nominal voltage, better operation will be
 
achieved. Accordingly the following voltage ranges have been selected as
 
acceptable system voltage levels and spreads.
 

VOLTAGE RANGES (220 V base)
 

Minimum Max imum 

Utilization point 198 231 
Service point 203 231 

c. Using the above acceptable service point range (203-231 V), the

corresponding permissible voltage spreads at various points on the distribution
 
system may be determined by using voltage drops indicated below for each
 
segment of the system. The total drop permitted at point of service under
 
maximum load conditions should be the maximum voltage delivered to the customer
 
nearest the bulk power supply point (substation) and the minimum voltage

delivered to the customer fartherest from the substation. Regulating equipment

used on the system will have a voltage regulating relay with a bandwidth
 
setting that can control feeder voltage to plus or minus 1.0 V (220 V base).

Therefore, maximum voltage drop which may be allocated to 
the various parts

of the distribution system will be (231-203) - (2x 1.0) - 26.0 V. The 
following drops may allow some variations in regulator settings. 



3-5
 

VOLTAGE DROPS - MAXIMUM LOAD CONDITIONS 

System Component Maximum Voltpg;. Drop Percent Voltage Drop
(220 V base) (approximate) 

Substation regulated bus (output)
 
to primary terminals of last 
distribution transformer 
 14.0 	 6.37
 

Distribution transformer 
 3.0 	 1.36
 
Secondary and service 	 6.5 
 2.95
 
Total at consumer's meter 23.5 
 10.68
 
Consumer's interior wiring 
 5.0 	 2.27
 
Total at utilization point 	 28.5 
 12.95
 

VOLTAGE LEVELS AND SPREADS - 220 V BASE 

Location 	 Voltage Levels (volts) Voltage Spread

Minimum Maximum 
 (volts)
 

Substation transformer (unregulated) 208 242 	 34
 
Substation bus (regulated) 226.5 231 	 4.5
 
Distribution transformer primary
 

terminals (last transformer) 214.5 231 	 16.5
 
Service point (consumer's meter) 203 231 	 28
 
Point of utilization 	 198 231 33
 

d. The above normal voltage levels, especially those at point of service
 
and point of utilization, are the basis for system design; and the system

should be operated within these limits so that the consumer's equipment will
 
give satisfactory service. These levels are based on the following:
 

(1) Substation outgoing voltage is regulated with a voltage bandwidth
 
setting not exceeding I V on a 220 V base.
 

(2) Values used in above tables are center values of the regulator
 
band width.
 

(3) Only sustained voltages apply to table values. Variations of
 
short duration (switching, motor starting, etc.) are not considered.
 

(4) Input voltages to bulk power supply point (substation) are kept

within prescribed lim.its so that regulating equipment can operate within its 
prescribed limits, + 10% of normal operating voltage. 
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6. Feeder Loading.
 

In determining feeder loadings, initial construction cost and quality

of service desired are the most important factors to be considered. These
 
considerations generally tend to oppose each other, in that lower
 
construction costs will dictate heavily loaded feeders, while improved

service requires more feeders lightly loaded. A compromise which allows
 
initial costs, losses, and voltage regulation to determine the loading

has proven to be an adequate solution.
 

In rural areas where initial load density on the order of 5 to 8 KVA
 
per square kilometer with an annual load growth of 1-3%, it appears that
 
feeder loading will be determined by voltage drop and desired reliability.

Reliability will be determined by feeder length and number of sectional­
izing points. Feeders, of course, should be voltage limited and with
 
allowable voltage drops described above in Section 6. A 2/0 AWG-ACSR three­
phase, four-wire feeder operating at 90% power factor and 11.55/20 KV with
 
uniformly distributed load will have a capacity of 40860 KW-kilometer.
 

With a feeder rating of 4.0 MW the feeder would have a length of
 
approximately 23 kilometers from source 
to last transformer. Assuming a
 
rectangular feeder with main feeder 17area a kilometers in length with 
laterals on each side of the main, 6 kilometers in length would make a
 
feeder area of some 204 square kilometers. The load would be approximately

21.8 KVA/square kilometer which would be satisfactory for 10 years based on
 
13% annual growth of an initial load of about 6.4 per square kilometer.
 

The above loads are 
total loads per square kilometer and a coincidence
 
factor should be applied in calculating definitive conductor sizes to feed
 
an area.
 

Actual physical layout of a system, with bulk power points located
 
outside the service area, could change basic feeder areas which in turn
 
could change optimum wire size and feeder loading. However, for purpose

of this study a feeder area of 200 square kilometers is used. To provide

for emergencies or short-time overload conditions, f-eders or lines may be
 
operated up to 90% of the thermal capability of the c nductor, without
 
loss of service life of the conductor.
 

7. Transformers and Secondary Systems.
 

The initial load density in KVA/square kilometers enumerated abov may

be also stated as being about 7 KVA/line kilometer, this initial load
 
density may be used for design of the secondary system provided a growth

factor and coincidence factor is applied. The optimum transformer spacing

could then be determined by the maximum length of a given secondary conductor
 
operating with the maximum permissible voltage drop (6.5 V). With an initial
 
load density of 7 KVA/line kilometer and a coincidence factor of 0.90 and
 
with an annual growth rate of 13%, the load density in 10 years would be
 
7 x 0.9 x (I + 0.13)10 - 21.38 KVA/line kilometer. A 15 KVA transformer 
may be adopted as a base size unit.
 



3-7 

It may be assumed that a balanced uniform load on a three-wire 

secondary will be fed two ways from each transformer and that a peak rating
 

of 150% of the individual transformer rating can be safely used for design.
 

With this assumption and using a 25 KVA transformer (22.5 KW at 90% power
 

factor), optimum transformer spacings with various size conductors may be:
 

UNIFORM DISTRIBUTED LOAD 

Load KW Optimum OptimumWire Size Voltage KW-Meters 
Drop Volts 90% P.F. ( the 150% Length of Trans­

(220V base) 3-wire, rating of Secondary former 

Single-phase 75 KVA (meters) Spacing 
trans former) (meters) 

6.5 3682 16.875 220 440
# 4 ACSR 

# 2 ACSR 6.5 5586 16.875 330 660
 

#1/0 ACSR 6.5 8252 16.87 490 980
 

To maintain a reasonable balance between number of transformers and
 

secondary conductor size and to allow use of one size larger transformer
 

(25 KVA) over base size (15 KVA), three-wire secondary system of #2 ACSR
 

phase wires with neutral sized according to primary system requirements
 

Maximum length of secondary system (transformer to last
should be used. 

consumer) should not exceed 350 meters (approximately three spans).
 

Transformers should be located using the moment ar-m method to find a 

loa cent.r. 

Aloug primary lines, effort should be made to place transformers on 

the optimum spacing of approximately 700 meters (6 spans). In this way
 

transformers may be changed out as the load develops to a maximum of 25 KVA
 

units without relocating or respacing. When load increases beyond the 25
 

KVA capability another transformer may be installed between existing units
 

cutting the secondary conductors on intermediate poles. This will give
 

additional capacity with minimum expense.
 

Transformer selection should be according to:
 

(a) Thermal capability (maximun load without damage to insulation),
 

(b) Voltage drop (adeq-ate voltage under rnaxirmmt load), and 
(c) Economics (annual costs).
 

Single-phase transformer installations meeting this criteria should 
be sized according to this table:
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Rating Maximum Peak Load* Ninirum Economic Minimum Economic 
650C 	 Permitted Loading (KVA) Loading KVA
 
(KVA) (KVA) 30% Load Factor (peak)
 

Annual Average Load
 

10 	 15.8 - ­
15 	 23.7 4.9 16.3
 
25 	 39.5 5.4 18.0
 
37.5 	 59.25 10.3 34.3
 

79 11.8 39.3
 

* According to ASN1 C57.92, with an anbient temperature of 40a C a peak of 
1.58 rating is permitted for one hour following 50% equivalent load in
 
percent of rated KVA every 24 hours with no loss of transformer life
 
expectancy.
 

8. Services.
 

Services for residential and small comercial customers should be
 
multiplex, Se f- , 'All.:, ....v., drop Cable. Cable should have a bare 
ACSR neutra ie,senger, with stranded all-aluminum cross linked polyethylene 
insulated (600 V) phase conductors. Duplex cable should be sized 6 AWG and 
4 AWG. Triplex and quadruplex cable should be sized 6, 4, 2, or 1/0 AWG. 

....cc o .:. abcr of service wires should folow rmaximum loadings gvon
 
i cn 3 ,c e Vo.ta'e with Use and Maximum
cc:ir: above 	 (Nominal) 

9. Voltage Regulation. 

Bulk power source (substation bus) should be regulated by tap changing 
under load equipment, integrally a part of the step-down transformers. it 
is anticipated in the initial stage design of the rural system that no line 
zype regui.ating equipment will be needed since line lengths and loads tend 
to keep the system within acceptable voltage limits. 

When system loads and line lengths grow to the extent that accept4bl.-. 
voltage limits are exceeded, then line regulators generally applied with
 
shunt capacitor banks should be installed. Single-phase, outdoor, step­
type, platform mounted units should be used, banked for three-phase
 
operation, with by-pass switches. 

10. Capacitor Banks. 

line-type shunt capacitor banks, switched and unswitched, may be used 
to improve power factor thereby reducing losses, The initial syste should 
be designed for growth, and while capacitors will improve voltage and 
increase ii.re capacity, In the srly years use of capacitor banks solcl.y 
for this ,urpose aJppesrs to be unr',cessary and the installation expense 
does not apcar u:-:tified. 
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As load grows in future years, capacitor installation for voltage
improvement and capacity release should be considered and compared with
costs of additional feeder construction, or additional substation
 
capacity.
 

Total capacity of fixed capacitor banks on a feeder or substation bus
should not be more than required to correct power factor to a value

approaching unity, at light load conditions.
 

Total capacity of switched capacitor banks on a feeder or substation
 , should not be more than the additional quantity of capacitors required
to correct power factor at: 
peak load to a value approaching unity.
 

Capacitor banks should be group protected by expulsion fuse cut-outs,
and lightning arresters, one per phase with co-ordinated fuse links. 
 Fuses
should have a continuous rating of not less than 1.35 times rated bank
current, with a total clearing characteristic not exceeding zone 
1 standard
capacitor case rupture curves as 
shown in NEMA Std. CP-l. 
 Fault currents
at point of capacitor installation should be ascertained and fuse clearing

titmes carefully checked with case rupture curves. 

Ihe application of capacity banks to the system should be made in
conjunction with voltage regulating equipment, if 
 such equipment is required.
 

11. Lightning Protection (Arresters).
 

Selection of arrester voltage ratings should be based on line-to-ground
(not line-to-neuLral) voltages existing on the system under fault ccndii'f.. 

The system to be prote :ed is solidly grounded witi four-wire, rmlti­grounded, common neutral lines. The voltage impressed across the unrfaulttidphases line-to-ground will, therefore, be only a percentage of the lthe..to­!ine volrt ige,under fault conditions.
 

Based on IEEE Transactions Paper 71TP-452, which details experience 
ant , for selecting arrestor ratings, an 18 KV shouldarrester beused on four-wire, multigrounded, conon neutral distribution lines, maxinmta
voltage 13.8/23.9 KV.
 

Use of 18 KV arresters conuiercially produced according to ANSI C62.1
will provide acceptable protection for 125 KV BIL distribution equipment.
 

In locating arresters on the distribution system, all line leads ,ndground leads connectinig the arrester to the system and the protectedeqim.;i?.nt --us be a-3 short as possible to reduce the impedance paths of1; rg current during lightning discharge. Voltage across leads couldcopletely nullify the protective characteristics of the arrester; therefore,precaut.,.ons should bo taken to keep leads short. 

http:eqim.;i?.nt


3-10
 

Location 
 Remarks
 

Overhead transformers Connect to each 
source high voltage
 
phase wire. Ground lead solidly
 
interconnected to common neutral,
 
transformer tank and transformer
 
secondary neutral. 

Capacitor banks unswitched Connect to each source high voltage
 
phase wire of banks with 500 KVAR
 
rating or less. Banks of higher
 
capacity do not need protection since
 
a surge of magnitude to charge the
 
bank is unlikely. Ground leads solidly
 
interconnected to coummon neutral,
 
capacitor cases and bank ground.
 

Capacitor banks switched 
 Same us for capacitor banks unswitched,
 
except install on all banks regardless
 
of capacity.
 

Regulators, line type 
 Mount on regulators and connect to each
 
high voltage phase, line and load side.
 
Ground lead solidly connected to common
 
neutral and equipment ground.
 

It is believed that with high speed breakers set for an instantaneous
 
reclosure that arresters placed along the lines for line protection are
 
not required.
 

12. Fused Cut-outs and Fuses.
 

Open, drop-out expulsion type fused cut-outs should be used, rated
 
100 amps, minimum, 26 KVmaximum, 125 KV BIL, 7000 amps. symmetrical and
 
6000 amps. assymetrical interrupting capacity (minimum).
 

Fused cut-outs should be used for capacitor bank protection, protection

of single-phase taps at main feeder tap points, and sectionalizing points.
 

Fuses should be NEMA ratings type "T" to obtain satisfactory coordinating

characteristics.
 

13. Sectionalizing and Switching.
 

Coordinated automatic sectionalizing devices should be used on all

primary distribution circuits. Automatic reclosing devises should be used
 
where appropriate.
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Radial three-phase feeders and major three-phase taps, which cannot
 
be looped, may use three-phase reclosers of appropriate size as required
 
to protect important areas.
 

Fused cut-outs should be used on single-phase taps for coordinated
 
protection of the system. 
Cut-outs should be equipped with hooks so that
 
they will be "load break" when used with a portable load break tool. No
 
fused cut-outs should be used in a three-phase circuit. However, cut-outs
 
equippeA with solid disconnecting switch blade may be used in lightly
 
loaded three-phase circuits for manual sectionall=!iig.
 

A sectionalizing plan for each feeder should be made using acceptable

methods to determine short circuits and sectionalizing points.
 

In applying sectionalizing devices, it should be remembered that the
 
"sectionalizing factor", a factor less than unity, directly affects the
 
service reliability of the feeder. Depending upon circuit length the
 
following general considerations will be helpful. Since each feeder
 
configuration presentsdifferent problems, good judgment must be exercised
 
in each case to achieve best results.
 

a. 
Four reclosers or other automatic sectionalizing devices in series
 
on a circuit usually are considered adequate, depending upon line length,

in order to obtain reliable coordination. Non-automatic devices such as
 
disconnect switches, spaced between automatic devices, will be helpful in
 
system operations 
to minimize circuit outage during permanent faults.
 

b. Branch lines connected to the main circuit vary in their importance
 
to service reliability depending upon length and at what point they are
 
connected to the main circuit. 
They are he most vulnerable to faults
 
affecting service reliability. Therefore, _r-ry branch circuit should be
 
sectionalized regardless of length or connected load. 
 The objective of
 
sectionalizing branch circuits is to protect the main trunk circuit against
 
permanent outage.
 

c. Lateral circu4 ts connected to branch circuits are usually referred
 
to as second,third, cr fourth line sections and have a successively lesser
 
possibility of impairing service reliability. They can be correspondingly
 
longer in length or exposure before a sectionalizing device id justified.
 

d. Any branch or lateral circuit exposed to unusually hazardous
 
conditions should be sectionalized with an automatic device.
 

e. 
Where a main trunk line is bifurcated (extending in two different
 
directions), automatic sectionalizing devices, preferably reclosers,
 
should be used to sectionalize each of the circuits at 
the junction point.
 

f. All sectionalizing locations should be easily accessible.
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g. Sectionalizing devices should be located so as 
to minimize service

interruption to important loads; i.e., 
if a sectionalizing device is to be
located near an important load, it should be placed beyond that load.
 

h. When any changes are made to the system, such as additions or
revisions of line 
or increase in size of the substations, a supplementary

study should be made to keep the sectionalizing program up to date and to
 see that rating of devices is still adequate. Periodic checks of peak

loads on sectionalizing devices should be made, to ensure that overloads
 
do not occur with load growth.
 

14. Grounding.
 

All poles should have a ground assembly (driven or butt wrapped)

with the 
common system neutral tied to this assembly.
 

A minimum of two driven grounds per kilometer will be used to make
the system "effectively grounded" according to N7SC rules. 
Driven grounds

should be 5/8" x 8'-0" Copperweld type rods and should have a resistance

of less than 10 ohms individually, isolated and not oonnected 
to the
grounding system, after installation. If this tesistance is not obtained,

additional sections should be driven to a greater depth. 
Driven grounds

should be used at all poles on which transformers, capacitor banks,
regulators, reclosers, switches or arresters are 
installed. Driven grounds

are also to be used at all secondary deadends.
 

In addition to above grounding all down guys without strain insulators
 are to be connected to the comnon neutral system. 
All down guys are to be
securely bonded to their anchor rods, using anchor rod banding clamps.
 

15. Conductors, Type and Kind, Economic Size.
 

Present pricing determinations indicate that ACSR (Aluminum Cable

Steel Reinforced) bare conductors should be used for primary and secondary

lines.
 

Considering kwh losses and estimated construction costs, using annual
 
cost rates and growth factors applicable to rural systems, it is believed
that the following sizes may be accepted as 
standards for use as line
 
conductors on rural systems in Indonesia.
 

Use Phase Size of Conductors AWG 
Phases Neutral 

Main feeders 
Laterals 
Taps 

3 
3 
1 

2/0 
2 
4 

2 
2 
4 
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For service conductors these sizes should be adequate:
 

SizTpe 

KW-Meters
 

# 6 
 Duplex 
 175
# 4 
 Duplex 
 275
# 4 Triplex 
 600
# 2 Triplex 
 900
# 2 
 Quadruplex 
 1,200
# 1/0 Quadruplex 2,000
 

16. Substation.
 

Power may be bought from the PLN grid system at transmission

voltages (30 or 70 KV). 

Substations should be located with due regard to present and expected
load centers of the cooperative's service area. 
The site should be one
which will permit expansion to provide space for the ultimate transformer
capacity, number of feeders, and possible capacitor bank.
 
The substations should be custom designed to fit the location and
requirements, using latticed, galvanized steel structures and completely
outdoor equipment. 
Circuits and equipment should be simple and uniform
consistent with requirements. Applicable portions of REA Bulletin 65-1,
"Guide for the Design of Substations" should be followed to obtain an
adequate and safe station.
 

Transformers should be three-phase outdoor, oil filled, with standard
550/65
0C ratings, provided with forced air cooling equipment, high voltage
off-load taps, and + 10% underload tap changing equipment. Transformers
should have at least 7.5% impedance.

5,000 KVA, 7,500 

Sizes, OA 550C rating, should be
KVA, or 10,000 KVA.
connected. Units should be 50 hertz, delta-wyeHigh tension voltage should be dual rated (30 xwhere initial transmission voltage is 30 KV. 
70 KV nominal)

This voltage is being dis­carded in the rebuilding of the PLN with 70 KV substituted. 
Low tension
voltage should be 12.5/21.65 KV nominal.
 

Power fuses should be used for high tension protection of the transformers,
with suitable continuous and interrupting ratings.
 
Power circuit breakers, single tank, with reclosing, phase and ground
relays, should be used for feeder breakers. No transformer secondary circuit
breaker should be provided. Feeder breakers shouldcontinuous be minimum size withand interrupting ratings according to circuit requirements.
Isolating switches with feeder interconnections to allow servicing of feeder
breakers should be provided.
 

http:12.5/21.65
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Mechanical Design Consideration.
 

All mechanical design should be in accordance with REA Bulletin 160-2,
 
"Distribution Line Design (Mechanical)". This REA Bulletin is based on
 
the National Electrical Safety Code, Sixth Edition, (NESC) of the U.S.A.
 
However, certain changes described below should be made in loadings to 
conform with Indonesian weather conditions.
 

All construction should be in accordance with REA Form 803)"Specifications
 
and Drawings for 14.4/24.9 KV Line Construction".
 

Both of the above published documents have been tried and tested, updated
 
from experience, and have been the basis of constructing hundreds of thousands
 
of kilometers of low investment, high reliability, economical electric lines.
 

Indonesian Conditions.
 

From available weather records of Indonesia a maximum design wind velocity
 
(actual) of 80 kilometersper hour (22.25 meters/second) appears to be
 
satisfactory. This is equivalent to approximately 50 miles per hour.
 
Using acceptable pressure-velocity formula, these wind pressures may be used
 
for an "Indonesian Loading Zone" in the line design standards mentioned
 
above.
 

Cylindrical surfaces:
 

P = 0.0025V2 0.0025(50)2 - 6.25 pounds/sq.ft.
 

Flat surfaces:
 

P - 0.004V2 0.004(50)2 - 10 pounds/sq.ft.
 

Design temperatures according to Indonesian conditions may be:
 

Maximm tensions in conductors - 600F(150C)
 
Minimal vertical clearances - 90°F(330 C).
 

With the modifications above and no ice loading, REA Bulletin 160-2 can
 
be used for mechanical line design in Indonesia. This can be obtained
 
from: Rural Electrification Administration, U.S. Department of Agriculture,
 
Washington 20250, D.C., U.S.A.
 

http:pounds/sq.ft
http:pounds/sq.ft
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ATTACHMENT 4. 
NRECA INTERNATIONAL ASSISTANCE PROGRAM
 

The National Rural Electric Cooperative Association (NRECA) is the
natibnal service organization of the rural electric systems of the United
States. The membership of NRECA consists of nearly 1,000 rural electric
cooperatives and public power districts in 46 states. 
 These systems employ
approximately 42,000 full-time employees and serve 7 million households and
other consumers. 
The entire program operates on a non-profit basis.
 
In 1935, less than 11% of the farms of the United States were receiving
reliable service from a central generating station. Today, nearly 99% are
receiving service. 
This was accomplished through the Rural Electrification
Administration (REA), an agency of the U.S. Government which provided long­term, low-interest, 100% financing to rural electric cooperatives.
 
The use of member-owned cooperatives to provide service in thinly populated
areas has been one of the principal factors in the phenomenal success of
rural electrification in the United States. 
Other important features were:
the concept of full areawide coverage; the reduction of construction costs
for rural lines through standard design and specifications; the provision
of consumer credit for wiring, plumbing, and appliances; intensive education
and promotion of consumers' use 
of power; and the availability of managerial
and technical assistance along with Government financing.
 

NRECA's International Programs Division has found that in most developing
nations from two-thirds to three-fourths of the population are dependent
upon agriculture for a 
meager livelihood. 
 Similar portions of the countries'
gross national product and export comnodities come from the land. 
 Yet in
the past, most investment in electric power facilities has been channeled
into urban centers, by-passing and neglecting the important rural sector.
NRECA believes that dynamic rural electrification can bring advantages of
modern technology into the lives of the people most effectively, and there­fore is a major key to increasing agricultural productivity, providing jobs,
and improving the quality of life in rural areas, overseas as 
in the U.S.
 

The basic concept, therefore, has been to promote in the less-developed
countries the proven pattern of success of the REA program in the United
States, with necessary adaptations to fit the particular needs of the country

and its rural people.
 

NRECA can draw upon the professional staffs of nearly 1,000 member systems,
as well as on its own professional consulting staff to provide training and
consulting services 
overseas on a short-term basis or to supervise planning
and construction activities for electric system development on a long-term

basis.
 

NRECA is thus the organization or corporate mechanism or conduit by which
the many years of experience of these 1,000 rural electric systems can be
made available to provide assistance where there is a request for it.
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ATTACHMENT 5. THE PHILIPPINE EXPERIENCE
 

In giving rural electrification a top priority in the
 
Philippines, President Ferdinand E. Marcos called it "the
 
cutting edge of the effort to move towards development of
 
the country because whether the program is agricultural
 
productivity, large scale industry, family planning, or
 
small and medium scale industry, electrification is the
 
principal requirement. We will not be able to succeed
 
in our economic and social development program unless
 
rural electrification succeeds because it is the crucial
 
and critical project."
 

These words were spoken at Malacanang Palace in
 
August 1973, when Presidential Decree No. 269 was signed.
 
This action gave authority to the National Electrification
 
Administration to carry out full rural electrification in
 
all the provinces of the nation.
 

Prior to that time, a National Power Survey in 1965
 
had laid the base for better development of electric power,
 
with generation and transmission grids on Luzon and Mindanan
 
under the National Power Corporation as major goals. Two
 
pilot projects for rural electrification were inaugurated
 
in 1971 -- the Misamis Oriental Rural Electric Service
 
Cooperative (MORESCO) on the northern edge of Mindanao and
 
a similar rural electric cooperative known as VRESCO at the
 
northern end of Negros Island. These two systems now serve
 
about 7,500 and 14,200 households and other consumers
 
respectively. They are making scheduled repayments of the
 
construction loan they received through the Government of
 
the Philippines (GOP) and the U.S. Agency for International
 
Development (USAID).
 

Meanwhile additional USAID low-interest, long-term loans
 
made possible the start OF feasibility studies and organi­
zational starts for other consumer-owned cooperative dis­
tribution systems. Financing for these projects comes from
 
additional USAID loans which now total $58 million, with
 
another $20 million currently under consideration, and From
 
GOP funds. The NEA is capitalized at one billion pesos.
 
NEA funnels the necessary funds for engineering, construction,
 
and initial operation of the systems in 40-year loans at
 
2% and 3% interest, with a 5-year grace period before re­
payments start.
 

By the end of 1975, NEA had made loan commitments to
 
60 cooperatives for a total amount of 948.5 million pesos.
 
Actual releases of fund by January 31, 1976, amounted to
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449 million pesos, of which 203 million was the peso
 
equivalent of U.S. dollars which had been put into the
 
program, and 246 million came from in-country sources.
 
It should be pointed out here that substantial additions
 
to the USAID loans comes into the program in the form of
 
United States "excess property" materials which are turned
 
over to the GOP at extremely low prices.
 

Seventy-five rural electric cooperatives have been
 
organized to date. Of these, 54 have energized all or part
 
of their system and are serving a combined total of 345,000
 
households and other consumers. The number of percent of
 
connections made to serve small and medium size industries
 
is not known, although surveys now being made indicate
 
electric power is being used to establish new, ice plants,
 
furniture making enterprises, machine repair shops, saw­
mills, and clothing industries. Rice mills are shifting
 
from expensive small diesel power to cooperative central
 
station electricity. A count has been made of 185 electric
 
pumps installed in the last 2 years to irrigate 13,300
 
hectares of rice paddies and vegetable crop land. There
 
is a nrogram to install electricity in schools for evening
 
c asses and the teaching of industrial skills. NEA has
 
trained several thousand barrio electricians for house­
wiring, linemen, accountants, and other job seekers for
 
better paying jobs provided directly and indirectly by the
 
new rural electric cooperatives.
 

All of this fits in with the Philippine Government's
 
Four-Year Development Plan for Fiscal Years 1974-77 which has
 
its objectives s~ated in part as follows:
 

"One of the top priority projects of the government

is the total electrification of the whole country. In the
 
rural areas, the aim is to provide the power needs essential
 
to increase the productivity in both agriculture and
 
industrial activities. This will be done by enhancing the
 
benefits of irrigation and farm mechanization as well as
 
by promoting the development of small and medium scale
 
industries in the rural sector. Obviously, these programmed

activities presuppose the availability of cheap and continu­
ous electric power in these areas. Likewise, providing
 
electricity for lighting and household appliances will also
 
contribute to raising the welfare of the rural population
 
in terms of conveniences and comfort relative to social
 
development, particularly to education and health.
 

"Consequently, with the view that, ultimately, rural
 
development is contingent on the availability of economical
 
and reliable electric power, the present rural electrification
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reform program."
 

Philippine electrification has been hard hit by the
sudden skyrocketing of oil prices which set in shortly after
the program qot into full stride. 
About half of the nation's
rural systems are in isolated areas or on islands beyond the
These cooperatives must generate their own power from diesel
 

reach of the NPG grid with its supply of hydro generated power.

plants. 
The high cost of fuel oil makes the retail price of

electric Power for self-generation double and in some cases
triple what is paid by consumers connected to the Luzon and
Mindanao (Marie Christina) grid. 
Retail rates 
are spread, then,
through a range of about 20 to 60 centavos per kwh, or $0.03
to $0.09. 
Most cooperatives have a minimum rate up to 15 kwh,
and this might be in the neighborhood of $1.00 to $1.50.
 

About a third of the consumers keep their power consump­tion at or below the minimum. 
In early stages of energization,
about 40% of the households sign up for service. 
Over half
of these, in sampling surveys, prove to be one or two room
nipa or woven bamboo houses, occupied by families in the low
income sector. 
Even in communities of squatters who have been
moved out of Manila about three-quarters of the households
sign up for electric service. 
 Collection of billings at the
end of the month typically run from 80 to 95%.
 
There is widespread realization that in most of the
provinces electric lighting costs less than kerosene or
candles.
 

Consumers generally show a highly favorable attitude
toward electrification. 
Evidence is the prompt payment of
bills, low incidence in stealing electricity by meter bypass,
etc., 
and large attendance at the annual membership meetings.
 
Consumer interest is encouraged from the very start of
 

a project. 
The NEA first selects community leaders representing
a wide range of interests and has them meet to learn about the

costs and benefits of electrification. 
The government's offer
to consider financing and technical assistance for an electric
cooperative is given to this PECT committee with the under­standing that further initiative will have to come from the
local communities. 
 If enough interest is shown through
petitions, local meetings, and resolutions, then NEA and the
PECT group schedule a public meeting at which District
electrification Committees 
(DEC) are elected. 
The DEC then
elects from among their members an interim board of directors
for the proposed cooperative. 
This group secures a charter
for the cooperative which makes them legally responsible until
the cooperativeg'first 
annual membership meeting selects a
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regular board of directors. The interim board signs a loan
 
contract with NEA, hires a general manager with NEA approval,
 
and proceeds with the necessary engineering, construction,
 
training program, and membership sign-up.
 

The first 2 to 3 years have presented many problems.

These have been found principally in handling of materials,
 
engineering and construction (adherence to specifications),
 
and in management of the cooperative systems. The obstacles
 
have been surmounted one by one, and the picture today is
 
optimistic, especially when compared with the early months.
 


