Discusslon Paper D-73A

ENERGY IN DEVELOPING COUNTRIES SERIES [ﬁ; C

Industrial Energy Demand
and Conservation in
Developing Countries

John E. Jankowski, Jr.

A Discussion Paper from the Center for Energy Policy Research

RESOURCES FOR THE FUTURE / WASHINGTON, D.C.



f)N “rFelas T

Discussion Paper D-73A

ENERGY IN DEVELOPING COUNTRIES SERIES

INDUSTRIAL ENERGY DEMAND AND CONSERVATION IN DEVELOPING COUNTRIES

John E. Jankowski, Jr.

The Center for knergy Policv Resemarch issues this
paper in the Energy in Daveloping Countries Series.
Presentation of this paper docs not constitute formal
publication, and references to this work should cite
it as "unpublished" material.

RESOURCES FOR THE FUTURE / WASHINGTON, D.C.

July 1981



Acknowledgment

The research for this study was funded under Cooperative
Agreement No. AID/DSAN-CA-0179 established between Resources for
the Future and the U.S. Agency for International Development,
Office of Energy (Director Alan B. Jacobs). Pamela L. Baldwin
is the A.I.D. project officer for this Cooperative Agreement.

The author wishes to express his appreciation for the finan-
cial support which made this study possible and for extensive re-
view comments made by Dr. Thomas J. Lareau of the RFF Center for
Energy Policy Research. Special thanks are also given to the
secretarial staff of the Center and to Marilyn M. Voigt who co-
ordinated the manuscript's preparation.

The vievs expressed in this paper are, however, those of the
author and should not be interpreted as representing the views of
either A.T1.D. or Resources for the Future.



iii

CONTENTS
Page

INTRODUCTORY NOTE 1
Chapter 1 AN ARGUMENT FOR INDUSTRIAL ENERGY 3

CONSERVATION IN DEVELUPING COUNTRIES
Chapter 2 INDUSTRIAL ENERGY TRENDS AND CROSS-COUNTRY 13

COMPARISONS
Chapter 3 INDUSTRIAL STRUCTURE AND ENERGY DEMAND 30
Chapter 4 MANUFACTURING PROCESSES AND ENERGY 48

INTENSITY
Chapter 5 SUMMARY AND CONCLUSIONS 85
Appendix A INDUSTRIAL ENERGY AND OUTPUT DATA 90
Appendix B SPECIFIC ELECTRICITY DATA 96
Appendix C CONVERSION FACTORS 100

REFERENCES 101



Table

Table |

Table

Table

Table

Table

Table

Table

Table :

Table

Table

Table

Table

Table

1-1.

1-3.

2-1.

2-2.

2-3.

2-5,

[ge]
i
[oa)

3-1.

3-3.

3-4,

3-5.

iv

LIST OF TABLES

Percentage Distribution of 1976 Energy Con-
sumption in Six Developing Countries

1972 Industrial Censumption and 1980
Energy Conservation Targets for the
United States

Industry Energy Savings in the United States
and the Developing Countries as Percentage
of Total Industrial Energy Demand

Total Energy Requirements and Industrial
Energy Consumption

Indices of Industrial Production, Industrial
Energy Consumption and Their Relative
Changes

Industrial Enerygy Consumption/Industrial
Output Ratios

Electricity Demand Growth Rates and Ratios
of Industrial Electricity Consumption to
Total Electvicity Consumption

Latin America: Electricity Generation by
Sector and Country, 1950, 1960, and 1975

Ratios of Electricity Consumption Index/
Production Index for Varipus Manu-
facturing Sectors

Structure of Economics of Four Developing
Countrics

Industrial Energy Demand for Fuel
Source

Cowmparisons of Industrial Structure
and Industrial Encrgy Demand for 1976
Rate of Growth for Industrial Output
and Industrial Energy Demand, 1967-76

Light and Heavy Manufacturing Industry--
Selected Countries

Page

11

12

14

16

18

23

24

26

31

32

33

35

36



Table 3-6.

Table 3-7.
Table 4-1.
Table 4-2.
Table 4-3.
Table 4-4.
Table 4-5.

Table 4-6,

Table 4-7.
Table 4-8.
Table 4-9,
Table 4-10.

Table 4-11.

Table A-1.

Table B-1.

Table C-1.

Figure 4-1.

Percent of Total Manufacturing Values Added
Originating in Several Manufacturing Sub-
sectors

Ratio of Energy Costs to Total Production Costs
in Korea

Shares of Light and Heavy Industry in
Total Manufacturing

Energy Coefficients for Selected U.S.
Industries

Specific Energy Consumption Per lletric
Ton of Crude Stcel

Energy Requirements in the Production of
Liquid Steel by Various Processes

Specific Energy Consumption per Metric
Ton of Cement

Specific Energy Consumption and Percentage
Contribution of Internally Generated
Energy in Swedish Mills, 1973

Specific Energy Consumption per Metric
Ton of Pulp, Paper and Board

Energy-Output Ratios by Chemical for
Selected Years in the United States

Specific Energy Consumption per Metric
Ton of Fertilizer

Specific Energy Consumption per Metric
Ton of Aluminum

Specific Energy Consumption per Metric
Ton of Product in the Textile
Industry

Thermal Efficiencies of Fuel Use in Industry,
Excluding the Energy Sector

Electricity Consumption and Industrial
Production Indices of Several Manu-
facturing Industries

Conversion Factors Into and From Kilo-
calories

FIGURES

Distribution of energy consumption and
losses by stages in the steelmaking
prr.cess, utilizing pig iron

Page

37

39

51

52

57

60

63

68

69

72

73

77

80

93

99

100

55



INTRODUCTORY NOTE

The countries of the developing world are important to the evolv-
ing energy future. Their contribution to the demand for world oil
and other energy sources is at present small, but its rate of growth
is high. Indeed, as development continues the nations of the Third
World may provide most of the growth in o0il use for the rest of this
century.

Because of the importance of developing countries to global energy
outcomes, and of energy outcomes to the prospects for development, we
have undertaken a series of studies designed to illuminate the dynamics
of demand changes and the opportunities for (and barriers against) sup-
ply enhancement. One major portion of this effort is funded by the
Agency for International Development under the ARDEN (A.I.D.-RFF Devel-
opment and Energy) Cooperative Agreement No. AID/DSAN-CA-0179.

The ARDEN program is divided into three main subprogram areas:

1) rural electrification, 2) biomass, and 3) energy demand and conser-
vation, within which this discussion paper falls. 'Industrial Energy
Demand and Conservation in Developing Countries' is an in-house analyt-
ic study designed to review, synthesize and analyze existing work in
the topic area and to identify specific issues with a view to future
work in collaboration with overseas institutions in developing areas.
Although similar studies have been made for several developed

countries, (see RFF's How Industrial Societies Use Energy, for example),

to our knowledge this is the first systematic effort to compare indus-

trial energy use among developing countries, both sector wide and by



specific manufacturing subsector. This study challenges the popular
supposition that similarity in technology makes industrial energy use
for comparable outputs near-uniform across countries. The wide range
of energy intensities found in like industries suggests that the indus-
trial sector may offer substantial opportunities for energy conservation

The results from the exploratory study reported on here have led
us to initiate several studies of industrial energy use. An examina-
tion of industrial energy conservation in Ecuador is already under way
in an effort to remedy some of the data deficiencies noted. Carried
out by the Instituto Nacional de Energia in that country, 550 industrial
enterprises (covering 90 percent of the industrial production) are being
surveyed in order to find out how much energy they consume (in total and
by fuel), for which purposes, and with what resulting output. Through
pioneer efforts such as this, a data base can start to accumulate from
which robust inferences can be drawn.

Work of a somewhat different nature but addressed to the same
issues has also begun in India under the direction of Dr. R. K. Pachauri
at the Administrative Staff College of India (Hyderabad). The Indian
work contemplates a full-scale analysis of the effect of increases in
energy prices on the amount of energy consumed in industry, and on con-
sequent shifts in the amounts of other factors of production consumed.

"Industrial Energy Demand and Conservation in Developing Countries"
introduces a topic which we believe deserves widespread attention and
further research. We issue this report on work in progress with the
multiple purposes of informing che policy community of the state of
knowledge, of stimulating research elsewhere and of eliciting comments

on our own efforts.

Milton Russell
Director, Center for
Energy Policy Research
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Chapter 1

AN ADRGUMENT FOR INDUSTRIAL ENERGY CONSERVATION IN DEVELOPING COUNTRIES

Picture thousands of industrial machines grinding to a halt through-
out the developing world, victims of insufficient cnergy supplies. Energy
for growth gives way to energy for survival, supplies being either unavail-
able o: obtainable only at prohibitive prices. Industrial growth, planned
in an age of energy plenty, comes to a standstill, as do the aspirations
for a better future-—the once promised result of the industrializing
economy .

Although this worst-case scenario is most unlikely, the second oil
shock of 1979-80 once again brought into question the complacency regard-
ing the availability and cost of energy for the world in general ond for
the developing countries in particular, Massive foreign credit, both pri-
vate and official, allowed many developing countries to absorb with rela-
tive ease the effects of the 1973-74 oil price quadrupling and subscquent
world recession.l In the five years following the first oil price jump
both petroleum and total energy consumption grew in the developing coun-
tries at an annual 6.5 percent pace. That was down substantially from the
8.5 percent rate of the preceding decade, but was a far smaller decline
than in the industrialized nations where a 1963-73 growth rate of 7.5 per-
cent fell to a rate of less than one-half percent in the 1973-78 period.
The prospuects of continued growth in the LDCs are not as likely this time

around. Since most developing countries do not posscss significant re-

lFor a discussion of this adjustment process see Brittain and Cleve-
land (1977) and Dunkerley (1980).



serves of the commercial fuels, a rapidly mounting energy import bill
brought on by ever-increasing energv needs looms ahead. The problem's
potential severity is illustrated by the World Bank's estimate of the fu-
ture cil production/consumption gap in net oil importing countries, which
is expected to widen from 4,5 million barrels a day oil equivalent (MBDOE)
in 1980 to 7.8 MBDOE in 1990--a 70 percent increase (!) (World Bank, 1980a,
P. 49). Combine this cxpanding import dependence with rising prices and
the severity of this problem is compounded.

In an increasingly tight world energy situation it is precisely these
developing countries, whose current account deficit is already over $40
billion, who will be in the least competitive position for acquiring the
scarce supplies. Consequently, the question is what may be done in these
oil importing LDCs to avoid what may scem the inevitable-—economic stagna-

tion brought on at least in part by energy scarcity.

Structure of the Report

Our format is to move from the aggregate to the specific. The re-
mainder of this chapter bricfly reviews the historical perception of con-
servation and provides rough estimates of industrial energy conservation
potential. Chapter 2 details general trends and cross-country comparisons
of aggregate industrial energy usage. Both industrialized and developing
countries’ records arc discussced. This process shows that there are occa-
sionally large variations in industrial energy demand among countries

which, as documented in low Industrial Socicties Use Energy (Darmstadter,
‘ -

et al., 1977) is the result of two interrelated Ynctors——strﬁcture of the
sector and intensity of energy use. Both structural and intensity charac-
teristics are themselves manifestations of a variety of factors--geography,
resources endowment, product mix, technology, demographic factors and eco-
nomic policies. Chapter 3 looks at such structural characteristics in
several developing countries, while chapter 4 compares cross—country energy
intensities in various manufacturing industries. Chapter 5 summarizes and

presents several closing observations,

The Need for Conservation

As in any economic equation the energy question has both demand and

supply implications. In order to moderate the political and economic costs



of insufficient energy supply or of energy dependence on foreign supply
sources a country has three courses of action. It may devote its efforts
toward securing and/or augmenting energy supplies--that is, supply expan-
sion. It may concentrate instead on extending those which are already
available by reducing energy requirements--that is conservation, which is
part of the demand variable. Or it may simply attempt to substitute its
problem energy supplies with less costly ones; less costly in the political
and/or economic sense; for example, diversification of oil import supplies
from OPEC to non-GPEC producers. Most likely a country willi pursue a com-
bination of the three courses. The purpose of each is essentially the
same. Indeed, in some respects, energy conservation and supply expansion
can be viewed as part of the same resource base. The implementation of
connervation measures, which reduces energy demand, has the effect of ex-
tending enecrgy supplies.

Any encrgy assessment must take into consideration both cost and time
of development. It may be cheaper and/or quicker to save a unit of energy
than to provide an additional one. This time factor for developing new
and/or less conventional energy supplies or new methods of energy produc-
tion often requires ten to fifteen years, recgardless of the financial ef-
fort. On the other hand, much energy-using capital stock (cars, household
appliances, industrial machinery) turns over quicker than this. Evidence
indicates that significant amounts of energy may be "acquired" in less than
five years resulting from demand shifts for energy.

Up until 1973, energy policies in most countries--where there were
any--were generally ad hoc and oriented toward individual fuel supply.
Countries might have a coal policy and an electricity policy, but they were
often in the domain of different government agencies and there was little
recognition of the implications of policy for one fuel on the development
of another., Policy actions themselves were often just reactions to partic—
ular problems as they arose. And energy demand, if not ignored, was given
heed only through taxation measures for fiscal reasons or subsidization
of, for example, rural electricity and kerosene for social reasons, neither
policy directly related to energy demand management,

Even after the 1973 price risc the record shows that energy policy
throughout the world remained supply dominated although there has been

more attention to the potential of interfuel substitution, primarily for



oll. There have been few policy initiatives on the demand side, especially

with regard to pricing policy. A 1979 International Energy Agency assess-—

ment of conservation efforts in the industrialized countries notes that:
the value of energy conservation continues to be underesti-
mated..,.Strong private and public institutional structures

to promota conservation, similar to those that exist for

energy development, have not been established and many con-

servation programmes are still based disproportionately on

information and voluntary actions. Without sufficient in-

centlves and supporting pricing policies, the effectiveness

of these programmes may be substantially reduced...(IEA,

1979, p. 19).

For many years the term '"conservation" had derisive connotations
throughout the world. There was an accepted link between increasing energy
consumption and growing national output which was itself associated with
the improvement of a nation's power and status, both economic and politi-
cal, as well as with alleviating potentially explosive domestic, social
and economic conditions. Energy was relatively inexpensive and supplies
abundant and, for countries whose development plans emphasized rapid ex-
pansion of the industrial base, growing energy consumption was a natural
corollary. Conserving resources was seen, at a minimum, as foolish--how
can one conserve something whose absolute level of consumption is so low?--
or, more likely, retrogressive.

The twelve-fold increase in o0il prices between 1973-81 has changed
this perspective. The oil-importing countries have found it increasingly
necessary to export ever larger amounts of real output to pay for their
energy needs. In doing so they have experienced a real decline in eco-
nomic welfare. As a consequence, conservation is no longer viewed as sim-
ply doing without resources or doing with much less which in turn entails
the deprivation of conveniences or even necessities. Rather, it is seen
as a means of forestalling the rate at which welfare declines from pre-
viously expected growtii levels. There is a greater appreciation that there
are conservation measures by which energy consumption can be made more ef-
ficient. It is also better understood that conservation efforts can help
alleviate short-term fuel shortage and, augmented by new sources of energy,
long-term problems of supply and demand. Such measures can serve to save
scarce foreign exchange, as well as resolve balance-of-payments diffi-

culties, It is increasingly recognized that it might indeed be pos-



sible to decrease energy use without necessarily reducing real living
standards through substitution among labor, capital and energy inputs.
However, it must also be emphasized that if conservation is pushed beyond
cost-effective levels, there will be a decline in cconomic efficiency.

An understanding of energy conservation potential is provided by the
laws of thermodynamics.z According to the farst law, all encrgy is con-
served, that is, not lost. However, the efficiency of energy conversion
and usage (useful work.delivcred) in any given task is such that:

energy transfer achieved by a device or system
energy inputs to a device or system from some
source (i.e., total ecnergy consumed)

Efficiency (I) =

Notice that to accomplish an encrgy-based task there are two require-
ments: an energy source and an enargy-converting device. Efficiency (I)
therefore measures the efficiency of the device. The problem with Effi-
ciency (I) is that it ignores the question of whether the particular source
and/or device are the right ones in the first place or whether another may
be more technically appropriate for the task. These questions are better
accommodated by the second law of thermodynamics. The second law recog-
nizes that while energy cannot literally be lost, it can be dispersed so
that it cannot be used further to perform work., Thus, not only the quan-
tity of energy input, but also the quality, must be taken into account to
fully assess energy efficiency in physical terms, the so-called second law
efficiency:

absolute minimum energy required for a given task
energy inputs to a device or system from some
source (i.c. total energy consumed)

Efficiency (II) =

Note that this is a task minimum, not a device maximum which there-
fore suggests two rules for cnergy efficiency in this sccond law sense:
(1) Do not use a higher quality cnergy source than the task deserves and
(2) for a given source choose the deviece which generates the most useful
work or heat. Consequently, for cvery task there is some combinaiion of
energy-converting device f{accompanied by its ideal functioning) and cnergy
source (subject to its availability) which should be utilized for maximum

energy efficiency.

For a more detailed discussion see American Institute of Physics
(1975), and Reddy and Prasad (1977).



Given the rudimentary understanding of conservation in the thermo-
dynamic sense, it is then necessary to apply economic criteria to the goal
of reducing energy demand. It 1s not sufficient simply trying to approach
the maximums of second-law efficiency or even improving the ratio of the
first law. Options which provide the greatest level of energy conservation
may not be economically best, There is a point where the marginal cost of
saving a unit of energy will be larger than the marginal benefit associated
with such savings. To determine this equilibrium one must consider the
total cost of production and use of energy including the fuel mix, avail=-
ability of supply and substitution possibilities; preferably at the factory
level. Except occasionally, and for expositive purposes, this paper ex-
plores the actual physical demand for encrgy in the developing countries,

rather than analyzes this question of microeconomic optimization.

The Industrial Sector

While energy conservation potential exists in all sectors of the econ-
omy, we review only the energy trends and conservation opportunities of=-
fered by industry. Table 1-1 presents aggresgate energy consumption ap-
portioned between secctors for six developing countries. Based on these
data there appears tc be great variability of sectoral enerazy usage among
countries.3 When commercial and traditional (for example, bagasse and
fuelwood) fuels are included, cnergy consumption in the houschold/commer—
cial sector (which also includes energy consumption in agriculture and
public service sectors) dominates. The transportation and industrial sec—
tors follow, each covering a wide range of percentage contributions to
total cnergy demand. 1f, however, traditional fuels are excluded, the
household/commercial sector falls to third or fourth place in terms of
sectoral importance since a large amount of enerygy consumption in this
sector is met by traditional fuels. Rather, as is indicated bv this sam=-
ple, industry and transportaticn consumec most commercial fuels in many

developing countries. In fact, over the last decade or so industrial pro-

3It is noted at the outset that care must be uscd not to attribute
too much exactness to these aggregate data, They are estimates at best.
However, the data do provide enough precision to be illustrative of gen-
eral trends and concepts.



Table 1-1. Percentage Distribution of 1976 Energy Consumption in Six

, a
Developing Countries

Commercial and traditional fuels

Household/Commercial 13-79 percent
Industry 6-44 percent
Transportation 4-32 percent
Transformation losses 4-28 percent
Non-energy uses 1-4 percent

Commercial fuels

Industry 19-45 percent
Transportation 18-40 percent
Transformation losses 16-27 percent
Household/commercial 10~-20 percent
Non~energy uses 1-8 percent

Source: International Energy Agency, Workshop on Energy Data of
Developing Countries (Paris, Organisation for Economic Co-operation and
Development, 1979).

aBrazil, India, Kenya, Mexico, Nigeria and Thailand.

duction and industrial energy demand have been growing faster than output
and energy consumption in other sectors of their economies. In addition,
industry is a major end user of imported oil and unlike, for example, in
the transportation sector there are many instances where interfuel sub-
stitution possibilities exist.

The potential for successful industrial energy conservation in the
developing countries is indicated by the efforts taking place in the in-
dustrialized countries. “or example, the voluntary "targets" program ini-
tiated in the United .tates for ten manufacturing industries which consume
over 90 prrcent of manufacturer's total purchased energy show large energy
savings are possible. Between January 1973 and 1980 the goal was to im-

nrove energy efficiencies by an average of 17 percent, 1.2 million barrels
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of oll per day (see table 1-2)., By 1978, six of the ten had already
reached their conservation targets and conservation measures were still
far from exhausted (Office of Industrial Programs, 1979, p. 5). This in-
crease in industrial energy efficiency came primarily from easy-to-imple-
ment "hrusekeeping" measures which have low or negligible costs.4 Other
contributing factors include increased capacity utilizatlion and capital
investment in cnergy conserving technologies. The success of these volun-
tary efforts in the United States serve to indicate their potential in the
manufacturing industries of developing countries. Additionally, since
many third world countries are still in the beginning stages of major in-
dustrialization prugrams, the opportunities to utilize energy-efficient
technology should be even greater in LDCs than in the developed nations,
which already have well-established industrial bases. Estimates vary, but
in the United States industrial energy-saving potential is quite large over
the next twenty-five years--25-40 percent—-which should provide a minimum
target for the developing countries. In fact, one study has estimated
potential industrial petroleum savings in the developing countries at up
to 90 percenr over the next five to twenty-five years (see table 1-3).

This study provides a background for accpeting or rejecting such estimates.

7,
o . . .
The determinant factor as to what constitutes "housekeeping" measures

is cost. Housekeeping changes require only low to negligible costs and are
generally easy to implement. The savings from such measures are usually
felt within a year. Examples include economy in use of air conditioning
and lighring, production schednling for minimizing cnergy consumption,
avoidance of idle running of machines, small investments to lower leakape,
improved plant maintenance, installation of insulation, and utilization of
appropriate energy monitoring and measurement control programs,
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Table 1-2. 1972 Industrial Consumption and 1980 Energy Conservation

Targets for the United States

1972 Consumption 1980 Energy efficiency
(1012 Btu) improvement targets (%)
Net Gross
Primary metals 4,246 9 14
Chemicals 3,087 14 17
Petroleum and coal
products 2,993 12 20
Stone, clay and
glass 1,462 16 16
Paper products ' 1,388 20 23
Food products 1,047 12 13
Textiles 474 22 25
Fabricated metals 442 24 25
Machinery 437 15 17
Transportation
equipment 414 16 18
Ten industries 15,990 13 17

Source: Office of Industrial Programs, U.S. Department of Energy,
Industrial Energy Efficiency Program Annual Report July 1977 Through
December 1978 (Washingtor, D.C., U.S. Department of Energy, December
1979) pp. 2 and 36.




Table 1-3. 1Industry Energy Savings in the United States and the Developing Countries as Percentage

of Total Industrial Energy Demand

(percent)

Immediate {(0-1 Years)
operational and house-
keeping changes

Near term (2-5 Years)
small investments in retro-
fitting and process changes

Long term (5~-25 Years)
major technology or sys-
tem changes

United States

Total energy 5-10
Electricity 5-10

Peveloping Countries

Petroleum 5-10

10-15
5-10

5-15

16-15
5-10

20-90

Source: Electric Power Research Institute, Efficient Electricity Use, Second Edition (New York,
Pergamon Press, Inc., 1978) p. 7; Philip Palmedo and Pamela Baldwin, The Contribution of Renewable
Resources and Energy Conservation as Alternatives to Imported 0il in Developing Countries (Port

Jefferson, New York, Energy/Development International 1980) pp. 37-58.

(A
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Chapter 2

INDUSTRIAL ENERGY TRENDS AND CROSS-COUNTRY COMPARISONS

As indicated in chapter 1 and detailed in table 2-1, energy consump-
tion by industry in the developing countries has been growing at a jpace
equal to or exceeding total energy consumption.l This means that the
share of industrial energy consumption in the total has been risiug, re-
flecting the generally increasing share of the industrial sector in their
Gross National Product. Although the data are very fragmentary, there is
little to suggest that LDC industrial energy consumption fell after the
1973/74 o0il price rise as much as it did in the industrialized countries.
Indeed, in two of the seven developing countries listed in table 2-1--
India and Portugal--the rate of industrial energy consumption actually
accelerated after the price increases. Only in Brazil did the price rise
appear to affect industrial energy demand much more so than other sectors
of the econcmy,

Contrariwise, in each of the four developed countries listed, the
rates of industrial energy consumption declined significantly, and in both
Germany and the United States such consumption was also absolutely lower
in 1976 than it had been in 1973. By 1978 industrial energy consumption
in these two countries had still barely reached 1973 levels.

Aggregate growth rates, however, do not tell the story of conser-
vaticn efforts, but rather end results. Variations or reductions in in-

dustrial energy consumption may derive from three very separate develop-

lFor a discussion of the methodology utilized in deriving energy con-
sumption along with the problems encountered, see Appendices A and B.
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Table 2-1. Total Energy Requirements and Industrial Energy Consumptiona

(million metric tons oll equivalent)

Growth rates
Average annual percent

1967 1973 1976 1967-73 1973-76

Brazil b

T.E.R.C 54.3 89.6 107.2 8.7 6.1

I.E.C. 11,0 26,1 25,9 15.5 -0.0
India

T.E.R. 87.7 111.,7 129.0 4,1 4.9

I1.E.C. 24,2 36.3 43,3 6.2 7.5
Kenya

T.E.R. 3.5 4,6 4.5 4.6 -0.4

L.E.C. .1 Wb .5 19.8 8.5
Mexico

T.E.R. 40.8 60,2 73.1 6.7 6.7

1.E.C. 16.7 26,5 33,2 8.0 7.8
Portugal

T.E.R. 4.9 7.6 8.6 7.6 4.0

L.E.C. 1.4 2.4 3.2 9.1 9.5
Thailand

T.E.R. 4,0 9.6 11,1 5.7 5.0

l.E.C. .9 2.9 2 21.5 10.4
Turkey

T.E.R. N.A, 24,5 29.4 N.A. 6.3

I1.E.C. 2.9 5.5 6.7 10.8 7.1
United States

T.E.R. 1,336.8 1,744,1 1,766.7 4,5 0.4

L.E.C. 428.5 544 .6 521.6 4.1 ~-1.4
Germany

T.E.R. 186.7 265.8 263.7 6.1 -0.3

L.E.C. 71.9 104.4 96.1 6.4 -2.7
Italy

T.E.R. 88.7 132.6 136,2 6.9 0.9

1.E.C, 34,1 62,6 63.3 10.1 0,4
Japan

T.E.R. 194.6 337.8 344 .4 9.6 (VI

I.E.C. 88.1 '58.9 169.2 10.3 2.

Note: Percentage growth rates based on more detailed data than shown above (sce
Appendix A).

N.A. = Not available,

Source: International Energy Agency, Workshop on Encergy Data of Developing tountrics,
vol. 11 (Paris, OECD, 1979); International Energy Agency, Energy Balances of OLCD Countries
(Paris, OECD) (various issues).

a . ]
“Includes energy sector and noncommercial fuels.

b . s . ; .
T.E.R.: Total energy requirements includes primary and secondary enerpy sources,

< . .
[.E.C.: Industrial energv consumption.
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ments: absolute output changes, structural changes or energy intensity
changes. For example, a country may experience a 10 percent decline in
industrial energy consumption from some base period, which might seem to
indicate a substantial energy conscrvation effort. However, the cause of
this energy decline may be that the country experienced a 10 percent abso-
lute decline in industrial output. The industry product mix and factor
intensitites remain relatively the same, but with the reduced output,
there are reduced energy requirements. 1In reality the energy fall accom—
panying a 10 percent output decline would probably be less than 10 percent.
This is because the reduction in output would most Llikely entail capacity
underutilization which, because of indivisibilities in energy—-using cquip-
ment, such as boilers, results in higher energy cocfficients per unit of
output.

Second, the energy decline in this hypothetical country may have re-
sulted from changes in the product or industry mix of the whole sector,
which reduces the contribution of highly energy-intensive industries, such
as iron and steel, in favor of less energy-intensive industries, such as
metal fabricating. The absolute industrial output remains unchanged, but
the structure of the industrial sector is transformed, reducing energy
requirements by 10 percent,

Finally, it is possible that conservation occurred in the sense that
the intensity of the production process changed. For example, duc to
process innovations 10 percent less energy could be used to manufacture a
ton of stecl or a ton of paper than had previously been the case. More
technically, and to be addressed more completely in chapter 4, the "spe-

cific energy consumption' for a unit of output has fallen.

Industrial Growth

Table 2-2 addresses the question of absolute changes in industrial
production and the relationship to changes in cnergy consumption. By di-
viding a country's index of industrial cnergy consumption by its indus-
trial production indux, which measures absolute prowth changes in its in-
dustrial output, it is possible to outline the general relation between
absolute changes in output and absolute changes in accompanying cnergy
requirements. Except occasionally, tor single vears, industrial output

was growing in all countries over the 1967-77 period. Only in the de-



Table 2-2, Indices of Industrial Production.n

Relative Changes
(1970 = 100)

Industrial Energy Cnnsumptionb

and Thelr

1967 1973 1974 1976 1977

Brazil

Industrial Production 71 147 159 184 189

Ind. Energy Consumption 78 185 180 184 N.A,

LEC/1PC 109 126 113 100 N.A.
Colombia

Industrial Production 82 127 133 136 N. A,

Ind, Energy Consumption N.A, 120 145 150 131

1EC/1P N.A. 94 109 111 N.A.
India

Industrial Production 83 112 114 131 138

Ind. Energy Consumption 74 111 120 133 N.A.

1IEC/1P 89 99 106 101 N. A,
Kenya :

Indus“rial Production 77 130 142 161 N. A,

Ind. Energy Consumption 39 114 142 146 160

1EC/ 1P 50 89 100 91 N. A,
Korea

Industrial Production 57 176 225 357 407

Ind. Encrgy Consumption 59 106 127 184 226

LEC/ 1P 104 60 57 52 55
Mexico

Industrial Production 78 124 133 142 147

Ind. Energy Consumption 83 132 144 165 211

1IEC/ 1V 107 107 108 116 143
Portugal

Industrial Production 74 136 139 136 155

Ind. Energy Consumption 77 129 158 170 176

[EC/ 1P 104 95 114 123 114
Turkey

Industrial Production 88 135 144 172 N.A,

Ind. Energy Consumption 87 160 166 197 207

LEC/ P 9) 119 115 1L4 N. A,
United States

Industrial Production 94 120 120 120 129

Ind. Energy Consumption 88 112 112 107 108

LEC/ IP 94 93 93 89 84
Germany

Industrial Production 76 113 111 114 116

Ind, Energy Consumption 82 119 127 109 103

TEC/ 1P 108 105 115 96 89
Italy

Industrial Production 85 114 120 122 123

Ind. Energy Consumption 72 133 137 135 133

[EC/ 1P 85 117 114 110 108
Japan

Industrial Production 66 127 122 122 127

Ind. Energy Consumption 70 126 134 134 132

1EC/ 1P 106 99 110 110 104
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Table 2-2 (continued)
Note: N.,A. = Not available.

Source: United Nations, Statistical Yearbook (New York, UN) (various
issues): International Energy Agency, Workshop on Energy Data in Developing
Countries (Paris, OECD, 1979), and Energy Balances of OECD Countries
(Paris, OECD) (various issues).

a ) . , . .. " ) o
Industrial production index includes mining, manufacturing and utili-
ties, but not construction. For Kenya, index is for manufacturing onty,

b . . . -
Includes energy consumption in the energy scctor, cexcluding transfor-
mation losses, and includes both commercial and noncommercial fuels.,

c . . . . . .
Index of industrial energy consumption divided by the index of indus-
trial production where the basce is 1970 and the resulting index ratio for
1970 = 100.

The ratios measure the change of energy consumption per unit of in-
dustrial production relative to the consumption/output relationship in
1970.

veloped countries has industrial output tended to stabilize; in the eight
developing countries it continued to cxpand rapidly even after the 1973-74
price rise and 1974-75 world recession. Given the industrialized coun-
tries' record for slowly rising output, coupled with their slowed and even
negative rates of industrial energy growth detailed in table 2-1, we find
their Industrial Energy Consumption/Industrial Production ratios declining
since the post—embargo period. This is not to say that other tfactors did
not play a role in energy conservation efforts, but only that slowing in-
dustrial production helps explain some of the slowing in the rate of in-
dustrial energy consumption since 1973,

The record in the developing countries since 1973 is not as clear.
In three of the countries listed--Colombia, Mexico and Portugal--energy
consumption per unit of industrial output appears to have been rising, but
in others it was either stable or falling. Although the issues will be
addressed more closely in the following chapters, it suffices to note that
individual country trends may be the product of two oftsctting develop-
ments. The first is the growing importance of heavy industry witho its
large energyv requirements per unit of industrial output, and the sccond is
the effect of the introduction of energy-saving technology., This sccond
factor may be of particular importance in Korea where rapid rates of

growth have probably led to a relatively encrgy-cfficient stock of indus-



Table 2-3. Industrial Energy Consumption/Industrial Output Ratios

(metric tons oil equivalent per § million 1977 output by industry)

1£¢?/ 10° 1EC/ 109 Useful 1EC®/109

(includes energy sector) (excludes energy sector) (excludes energy sector)

1967 1973 1976 1967 1973 1976 1967 1973 1976
Brazil 804 1,008 612 814 841 648 601 638 505
India 2,367 2,866 2,568 2,564 3,091 2,871 1,819 2,233 2,095
Kenya 391 766 844 92 591 733 53 457 573
Mexico 1,319 1,432 1,516 1,491 1,527 1,453 1,209 1,247 1,062
Portugal 396 414 567 365 406 481 293 305 399
Thailand 566 1,011 903 544 965 974 407 752 744
Turkey 717 660 711 638 495 615 499 401 498
United States 940 1,072 956 881 945 895 730 790 740
Germany 681 642 756 368 407 382 287 331 313
Japan 431 578 416 631 558 672 507 453 547

Source: United Nations, Statistical Yearbook (New York, UN) (various issues); World Bank data
services (Washington, D.C.); International Energy Agency, Workshop on Energy Data of Developing Countries
(Paris, OECD, 1979) and Energy Balances of OECD Countries (Paris, OECD) (various issues); W. D. Nordhous,
editor. Proceedings of the Workshop on Energy Demand, International Institute for Applied Systems Analysis
(Laxenbury, Austria, I[TASA, 1975) p. 527.

a . . . . .
Includes energy consumpticon in the energy sector, excluding transformation losses, and includes both
commercial and noncommercial fuels.

DIndustriaL output derived from UN breakdown of GDP by economic activity related to World Bank GNP
data in 1977 dollars,

8T



Table 2-3 (continued)
c . .
Excludes energy consumption in the energy sector.
dIndustrial output from the manufacturing sector only.

e .. . .. . . . .
Adjusts for the varying thermal efficiencies of fuels in the non-energy industrial sector. See
appendix A for specific adjustment factors.

6T
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trial equipment. Contrariwise, in Mexico rising industrial output is more
than surpassed by increased industrial energy demand, largely because of
the rapidly growing importance of petrochemicals and petroleum refining.
In any cvent, given the record of declining energy/output ratios in sever=-
al of the countries throughout this period, it appears that some conser-

vation measures have already taken place.

Industrial Energy/GNP Ratios

The left side of table 2-3 presents a cross—-country comparison of
energy consumption per dollar value of industrial output. Although such
comparisons must be treated with caution--see appendix A--it appears that
there is a very wide variation in the amount of energy consumed relative
to industrial output among countries, including the three industrialized
ones, Although there has been an apparent convergence of industrial
energy/output ratios among many developing countries in the decade follow-
ing 1967, it has not been enough to offset some wide variations which
originally existed. India's industrial sector, for example, is at least
two times more energy-intensive than any of the other developing countries
listed, While these differences may have to do with the output of the
industrial sector, the composition of the fuel mix also can frequently
explain part of country variations. Indeed, it might be that since almost
two—-thirds of India's industrial energy demand is met by coal, frequently
used in cquipment yielding lower thermal efficiencies than other fuels, a
large part of India's apparent industrial energy intensiveness is directly
a result of its fuel mix.

Up to this point cnergy consumption data have been calculated in the
traditional manner by which different fuels have been converted to the
common unit of metric tons oil equivalent (toe) based on their calorific
content. While it is physically correct that one calorie of coal is
equivalent to one calorie of oil to one calorie of natural gas, the amount
of "useful" cnerygy in terms of end services performed which can be deliv-
ered from the various Fuels, which is itself a function of both the fuels
used and the appliances' efficiencies, does vary areatly. The use of non-
adjusted consumption data may therefore mask actual trends of conservation

efforts. Urilizing fuel efficiency factors may explain at least in part
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the varying specific energy consumption statistics among countries with
similar industrial sectors.

On the right side of table 2~3 useful industrial energy consumption/
industrial GNP ratios, excluding the energy sector, are presented.2 The
center columns detail thermal energy/output ratios for non-energy indus-
tries, Although both data sets have a wide range of intensities, the
cross—country differences decline by 30 percent, at least in 1976 when
useful energy ratios are compared. Also, the developing countries with
the highest thermal enczgy/GNP ratios--India, Mexico and Thailand--show
the greatest change between those ratios and the derived useful energy
ratios. In India the fall may be attributed primarily to its large, less
energy-efficient coal usage; in Thailand to the importance of inefficient
noncommercial fuels in the industrial sector; and in Mexico to the rela-
tively minor role of electricity, the most fuel-efficient energy source.
In these developing countries as a whole, the percentage difference between
the thermal energy/GNP and useful cnergy/GNP ratios is almost 30 percent,
By contrast, the percentage differences in the three industrialized coun-
tries ratios are not nearly as large--less than 20 percent. The reason is
that higher efficiency fuels, clectricity and gas, play a much more impor-

tant role in these well-developed industrial sectors than in the LDCs.

Industrial Electricity Demand

Of special interest is the record on electricity consumption in the

industrial sector. While industry's demand for electricity as a percent-

See appendix A for the derivation of useful energy consumption,
along with the specific thernal c¢fficiency factors,

3There was no way to differentiate industrial electricity supplies
which are generated from hydropower from those generated from fossil fuels.
Had it been possible to include the heat losses associated with electricity
production, the efficiency of electricity use would fall substantially.
Thus, instead of an assumed 99 percent useful enerpy effic’ency, the effi-
ciency factor for clectricity generated from fossil fuels would only be
about 30 percent, since cne unit of electricity output requires about three
units of fossil fuel inputs., The efficiency of total electricity use
would, in general, fall less in the developing countries than in the indus-
trialized ones. This is due to the relatively much greater role played by
hydroelectricity in the former and fossil fuel generated electricity in
the latter.
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age of total electricity consumed is not higher in the developing countries
than in the industrialized ones (table 2-4), growth in industrial elec-
tricity demand has for the last decade generally outpaced that of devel-
oping countries' economies as a whole. The opposite pattern has held in
the industrial countries. After the 1973 oil price rise, electricity con-
sumption continued to expand--in some of these LDCs at an accelerated pace.
Why then did electricity demand not fall with rising oil prices? Tirst, in
many developing countries dynamic overall industrial growth brought about
rapid growth in industrial electricity demand throughout the 1967-1977
period; but clectricity generating and transmission capacity was not able
to expand rapidly encugh to meet this prowing demand--electricity consump=-
tion has been supply-constrained. As capacity increased so then did clec-
tricity consumption. Conscquently, clectricity demand has not boeen very
elastic with respect to price changes.  Sccond, and probably more imjor-
tant, real clectricity prices have generally decl ined over this period,
including since 1973 at both the wholesale and retail levels (Dunkerley,
1J80b, p. 25). The reason is that oil-fired generation of clectricitcy is

a relatively small part of the total in many developing countries compared
to that in the industrial countries. Rather, hydroclectricity, which was
not subject to the price jump, remains a major clectricity source.  Indecd,
hydro-abundant countries arce generally well aware of their oil-saving re-
source as typified by the development pattern in Latin Amcerica. Io 1960,
50 percent of the region's clectricity generation was hydropower, but by
1975 it was closer to 60 percent (sce table 2-5). Fael oil typically sup-
plies the bulk of the remaining requirements for gencrating base load, as
it does for peaking, although many relatively small and high-cost diesel
plants arc also used. Hydropower is a preferred peaking fuel i water ic
available (Mullen, 1978, p. 59).

Additionally, in many developing countries wholesale industrial energy
prices, including thosc of clectricity, have been subsidized as part of an
overall industrialization policy irrespective of potential impact on con-
servation measures. Such policies mav in fact stem from the traditional
perception ¢ conservation noted carlier; that is, conscerving encerygv re-
duces growth. Collectively these factors scrved to hold down clectricity
prices, which were then reduced even further in real terms due to high

rates of inflation.



Table 2-4., Flectricity Demand Growth Rates and Ratios of Industrial Electricity Consumption to Total

Electricity Consumption

YA

(percent)
Growth of total Growth of industrial 1977

electricity demand eiectricity demand Industrial elec. cons./

1967-73 1973-77 1967-73 1973-77 total elec., cons,
Brazil 11.3 12.1° 17.1 20.7° 47
Egypt 6.1 13.8 3.1 11.0 48
India 8.3 8.0 N.A. 9,2° 58
Kenya 9.9 6.5 N.A. 13.3 57
Korea 20.2 15.7 22.8 18.5 75
Mexico 11.5 8.4 12.4 10,74 58
Nigeria 15.4 14.1 17.9 5.59 45
Portugal 8.7 8,2 8.3 4,1 39
Thailand 20.4 11.6 N. A, 15.3 65
Turkey 15.1 9.4 15.8 10.4 73
United States 6.9 2.7 5.7 1.0 50
Germany 8.4 2.9 6.5 0.5 56
Italy 7.0 3.4 5.9 3.5 69
Japan 11.5 3.2 10.8 1.2 69

Note: N.A. = not available,

Source: International Energy Agency, Workshop on Energy Data of Developing Countries (Paris, OECD,
1979) and Energv Balances of OECD Countries (Paris, OECD) (varicus issues).

a., - . . . . -
Growth rate for 1973-76; indusctrial electricity consumpiion as a percent of total electricity con-
sumption for 1976.



Table 2-5. Latin America: Electricity Generation by Sector and Country, 1950, 1960, and 1975

(GWH)
1950 1960 1975
Hydro- Hydro- Hydro-
electric Thermal Total electric Thermal Total electric Thermal Total
Argentina 183 5,120 5,303 927 9,531 10,458 5,197 24,272 29,469
Bahamas o i6 16 - 76 76 - 660 660
Barbados - 10 10 - 39 39 - 207 207
Bolivia 261 37 298 350 97 447 800 257 i.G57
Brazil 7,168 1,010 8,208 18,384 4,481 22,865 73,836 6,457 83,293
Chile 1,649 1,294 2,943 2,977 1,615 4,592 6,135 2,597 8,732
Colombia 860 410 1,270 2,389 1,131 3,520 9,849 4,750 14,599
Costa Rica 175 7 182 392 46 438 1,269 224 1,493
Cuba 14 1,280 1,294 20 2,961 2,981 62 6,521 6,583
Ecuador 72 80 152 175 214 389 647 1,201 1,848
El Salvador 40 48 88 240 16 256 401 625 1,026
Grenada - 1 1 — 4 4 — 27 27
Guatemala 83 33 116 143 167 310 282 835 1,117
Guyana - 38 38 — 90 90 - 384 384
Haita - 38 38 - 90 90 145 39 184
Honduras 6 44 50 19 78 97 420 120 540
Jamaica 50 70 120 126 384 510 131 2,140 2,271

Mexico 1,950 2,474 4,424 5,149 5,579 10,728 15,076 28,430 43,506

L4



Table 2-5 (continued)

Nicaragua 35 45 80 45 131 176 404 514

Panama 5 99 104 18 216 234 97 1,123 1,
Paraguay - 40 40 - 96 96 523 69

Peru 710 110 820 1,794 854 2,648 5,522 2,174 7,
Dominican .

Republic - 79 79 - 349 349 194 1,438 1,
Surinam - 35 35 - 79 79 1,020 580 1,
Trinidad &

Tobago — 160 160 - 470 470 - 1,220 1,
Uruguay 527 &9 616 676 568 1,244 1,132 1,312 2,
Venezuela 174 479 1,153 95 4,475 4,570 8,912 12,267 21,
LATIN

AMERICA 13,992 13,611 27,603 33,919 23,758 67,677 130,840 98,425 229,

918
220
592
696

632
600

220
444
179

265

Source: Joseph W. Mullen, Energy in Latin America: The Historical Record (Santiago, Chile,
Commission Economique Pour 1'Amerique Latine (CEPAL), 1978) p. 55.

174



Table 2-6. Ratios® of Electricity Consumption

for Various Manufacturing Sectors

26

Index/Production Index

(1970 = 109)
1963 1967/68 1973 1974 1975 1976 1977
Brazil
Food - 116 104 108 113 112 118
Textiles - 98 97 106 105 105 101
Paper - 95 103 110 130 121 119
Chemicals - 97 104 108 115 114 116
Iron and steel - 102 115 126 118 129 130
All manufacturing —-— 104 101 104 104 106 114
Colombia
Food 96 72 75 80 71 74 -
Textiles 95 90 85 98 99 96 -
Paper 122 108 83 108 99 114 -—
Chemicals 162 l67 246 188 225 265 -
Petroleum refining 102 95 142 114 123 139 -
Iron and steel 56 102 118 145 156 147 -
All manufacturing 97 110 106 110 111 111 -
Dominican Republic
Food 101 122 120 127 115 122
Textiles 149 131 146 149 115 103 149
Paper 46 129 81 147 200 164 107
Chemicals 109 121 79 78 58 52 51
All manufacturing 112 94 109 111 106 101 109
Ecuador
Food 94 83 105 101 109 146 -
Textiles 103 95 89 103 96 103 -
Petroleum refining 104 89 89 77 71 63 -
All manufacturing 96 94 105 101 105 113 -
El Salvador
Food - —_ 147 134 142 - —-—
Textiles - - 108 127 130 - -=
All manufacturing - - 114 128 120 - -
Koreab
Food - - 108 122 123 107 97
Textiles . - 107 122 125 113 123
Paper — - 95 100 103 100 94
Chemicals -_— - 98 96 91 78 74
Iron and steel _— - 87 68 72 68 67
All manufacturing - - 97 28 86 76 78
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Table 2-6 (continued)

1963 1967/68 1973 1°74 1975 1976 1977

Mexico
Food - 97 94 101 95 108 -
Textiles - —_— 86 87 85 91 -
Paper - 7 100 92 98 91 -
Chemicals - — 94 107 111 117 -
Iron and steel - 93 99 97 101 106 -
Philippines
Food - 82 164 146 - - -
Textiles — 92 93 124 - -- -=
Paper - 80 265 251 -= - -
Chemicals - 161 106 60 - -- -
All manufacturing - 87 135 145 -- - -
Portugal
Food - 81 122 116 113 112 114
Textiles 87 102 90 89 91 93 102
Paper 86 100 105 88 77 91 85
Chemicals - 138 255 313 335 247 274
Iron and steel 85 87 101 116 141 119 132
All manufacturing 86 111 121 127 129 126 141
Tunisia
Textiles - 125 122 184 224 267 -
Paper - - 419 557 313 326 -
Chemicals - 26 101 138 107 146 —
All _anufacturing -— 53 129 157 148 160 -

Source: United Nations, Growth of the World Industry, vol. 1 (New
York, UN) (various issues) and Yearbook of Industrial Statistics, 1977
Edition, vol. L (New York, UN, 1979),

aIndex of electricity consumed in cach scctor divided by the index
of industrial production for cach sector where the base is 1976 and the
resulting index ratio for 1970 = 100, The ratios measurc the change of
electricity consumption per unit of industrial production rclative to
the consumption/output relationships in 1970,

bBase year is 1972 = 100,
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Given the decline in real energy prices and the dramatic increases of
electricity demand in the industrial sector as a whole, it is not surpris-
ing to find that in many developing countries the electricity output per
unit of output has risen in the individual manufacturing industries for
which data are available. Once tgain, the proper caveats must be made
with respect to the data,4 but even then the trends are significant cnough
to be illustrative. Specific industcies will be discussed in chapter 4.
At this point it is important simply to note that all countries listed in
table 2-6, except Korea, experienced increased eloctricity use per unit of
total industrial output from the 1960s/early 1970s forwarcd. Korea, by
contrast, without significant domestic petroleum o hydro resources, had
a declining electricity/production ratio in most manufacturing industries.,
Available data for all ten countries show that clectricity consumption per
unit output was generally increasing in the food and textile industries
(improvements in worker comfort and mechanical packaging), the iron and
steel industry (expansion of electric are furnace use), and industrial
chemicals (rapidly expanding output), while trends in petroleum refining
and paper industries are mixed.

This paper does not outline the various measures which might prove
successful in reducing energy inputs for generating clectricity, or even
detail the differences among countries. Certainly the potential savings
are substantial in both clectricity traasformacion and transmission.
Transformation losses in developing conntries generally are significantly
higher than those in industrial countries, while transmission losses vary
greatly even among the LDCs——from as low as 7 percent in Taiwan (Chen,
1977, p. 14) up to 35 percent in parts of India (Reddy and Prasad, 1977,
p. 1473). 1In the United States such losses arce estimated at about 7 per-
cent (ECE 1976, p. 61l). Rather, the preceding has detailed the dramatic
rise in eclectricity use by the industrial scctors of many developing coun-
tries, and the apparently increasing intensity of use in specilic manu-
facturing industries. While the decision to purchase electvicity is a
function of complex factors--fuel prices and availability, regulatory

policies, production processes, plant size and own-use generating possi-

Appendix B discusses collection techniques and problems encountered
in tabulating electricity consumption data.
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bilities--there are indications that electricity might be used more effi-
ciently. For example, estimates indicate that such measures as economy
in use of air conditioning and lighting, production scheduling for mini-
mizing energy consumption at peak hours and seasons, avoidance of idle
running of machines, and improved plant maintenance to avoid waste in
various electrolysis, electrolytic and electronic processes, might imme-
diately save 5-10 percent in India (Bose, 1977, p. 13). For some coun-

tries, in some sectors, electricity savings could be even larger.

Conclusions

This chapter has briefly summarized aggregate industrial energy use
patterns in several developing courtries. Comparisons with trends in four
industrial countries were made. Prior to the oil price rise, industrial
energy demand was growing rapidly in all countries. After 1973 this growth
fell significantly in the developed economies, but not nearly so much in
the developing countries. At lecast part of the explanation for the decline
in industrial countries' energy use is that industrial output tended to
stabilize, a development which did not occur in the LDCs reviewed, Their
continued expansion of industrial production meant increcasing energy re-
quirements although changes in energy consumed per unit of output varied
among countries. For most developing countries such unit energy use in
1976/77 was above 1973 levels.

Energy consumption per million dollars of industrial output also
varies greatly among countries. Part of the explanation is the output mix,
but at least part is explained by the relatively greater use of thermally
inefficient fuels in developing countries than in industrialized ones.
Structural differences are addressed in chapter 3.

Industrial electricity demand was also reviewed, revealing much
faster growth rates in developing economies than in well-developed ones,

As is the case of total energy demand, electricity consumption continued

to expand rapidly after 1973. The large role of hydroelectricity and
declining real electricity prices provide the bulk of the explanation.
Consequent.ty, electricity consumption per unit of output in most manu-
facturing industries appears to be rising. Significant conservation poten-

tial would seem to exist.
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Chapter 3

INDUSTRIAL STRUCTURE AND ENERGY DEMAND

We noted previously that industrial energy demand is a function of the
absolute size of the industrial sector, the structure of output and the
energy intensity of production. Chapter 2 reviewed the absolute changes in
enerry demand as it relates to changes in size of industrial output. Chap-
ter 4 looks at the cnergy intensity of production in several manufacturing
subsectors. Tn this chapter we look at the structure of industrial output
in four developing countrics--Brazil, India, Korea and Kenya--and its im~
plications for industrial energy demand.

The selection of these four countrics provides interesting cross-
comparisons perhaps typifying many other developing countries. The data
presented in table 3-1 show that the structures of their economics and
industrial sectors are quite diverse:

o Brazil is a high income developing country with a large, well-

established industrial sector. [Its total industrial output is

two and one-half times larger than Irdia's, five times Korea's,
and seventy-six times the size of Kenva's.,

o India is a low income country (only $190 per capita) wich a
large, but rather slowly growing industrial sector.

o Kenya is also a low income country with, by contrast, a small
industrial sector. Its industrial output does not contribute
significantly to total GDP.

o Korea is a rapidly growing high income developing country like
Brazil. Tts industriai sector, however, is extremely new as
indicated by a quadrupling of physical output over the 1970-77
period.
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Table 3-1. Structure of Economies of Four Developing Countries

Rate of
1977 Gbp Percent of 1977 industrial
per capita GDP by industry 1977 industrial GDP growth (1967-
(1977 Us $) (%) (millions of 1977 US $) 77) (%)
Brazil 1,410 26 42,609 11
India 160 418 16,880 5
Kenya 290 13 560 8
Korea 980 30 10,546 23

Source: World Bank, Atlas (Washington, D.C., 1979); United Nations,
Statistical Yearbook (New York, 1978)(various issues); World Bank data
services.

aData are for 1976.

As noted in chapter 2, total industrial energy demand varies greatly
among countries, as is also clear in these four countries. Tuble 3-2 shows
that India's total industrial energy demand from the mid-1960s to the mid-
1970s is by far the largest at 43 million metric tons 0il equivalent (toe)
in 1976. Brazil's consumption was only three-fifths this, 26 million toe,
although its industrial cnergy demand has been growing more vapidly than
India's.l Korea's rapid energy demand growth of 20 percent per year over
this period still results in total demand at but one-eighth of India's.
Kenya's total demand is less than one-tenth of Korea's, onlv .45 million
toe.

How much of these differences are a result of different structures of
their economies? TFor the purpose of this chapter structure of the indus-
trial sector refers not only to the product mix of total industrial output,
but also to the mix of fuels consumed. Also, there are several levels at

which industrial structure may be analyzed.

lThe derivation of industrial consumption for India, Kenya and Brazil
is presented in appendix A. Korea's industrial encrgy demand is obtained
from Philippe Bourcier, 1979.



Table 3-2. 1Industrial Energy Demand for Fuel Source?

(000 metric tons oil equivalent)

1967 1976
Brazil
Total 10,975 25,920
Petroleum 6,036 15,618
Coal 934 1,833
Gas 383 700
Electricity 797 3,603
Noncommercial 2,825 4,166
India
Total 24,211 43,342
Petroleum 4,159 4,968
Coal ' 19,018 31,501
Gas 84 829
Electricity 172 4,383
Noncommercial 778 1,661
Total 120 452
Petroleum 96 347
Coal 2 2
Gas - -
Electricity - 43
Noncommercial 22 60
Koreab
Total 1,271 5,412
Petroleum 640 4,146
Coal 417 251
Gas - -
Electricity 214 1,015

Noncommercial _— _

Source: International Energy Agency, Workshop on Energy Data of De-
veloping Countries (Paris, OECD, 1979); Philippe Bourcier, "Energy," in
Korea (Baltimore, Johns Hopkins University Press, 1979) p. 283.

a . .
Data include the energy sector's own use, but not transformation
losses.

bKorean data for 1966 and 1974 and it is not clear whether own use of
energy in the power generating sector is included in totals.
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Table 3-3. Comparisons of Industrial Structure and Industrial Energy

Demanda for 1976

Percentage of = Percentage of Industrial energy consumption
GDP originating total energy Metric tons oil Metric tons oil
in the indus- consumed by equivalent per equivalent per
trial sector the industrial million § 1977 million $§ 1977
(%) sectord (%) GNP industrial GNP
Brazil b26 24 165 612
India 18 34 462 2,568
Kenya 14 10 113 871
Korea® 30, 36 208 693

Source: International Energy Agency, Workshop on Energy Data of De-
vieloping Countries (Paris, OECD, 1979); Philippe Bourcier, "Energy," in
Korea (Baltimore, Johns Hopkins University Press, 1979); industrial output
derived from World Bank data services and United Nations, Statistical Year-
book (New York, UN) (various issues).

YIncludes the energy sector.
b
Data for 1977.

“bata for 1974.

As shown in table 3-3, Korea is the most industrialized of these four
countries, with 30 percent of the value of its total GNP output originating
in the industrial sector. Accordingly, its industrial energy consumption/
GNP ratio (208 toe million $) is slightly higher than Brazil's (165) where
26 percent of GNP comes from industry; and almost double the Kenyan ratio
(113) which might have been expected given the fact industrial output con-
tributes only 14 percent to Kenya's total Gross National Product. Indeed,
at this aggrepate level India stands out as the anomaly since its indus-
trial energy consumption/GNP ratio is 462 toe despite the fact that in-
dustry's contribution to GNP is only 18 percent.

Again, making a simple comparison between the percentage of total
energy consumed by industry and industrial GNP we find that India is the
anomaly. In percentage terms of the appropriate totals, Brazil's and

Kenya's industrial energy consumption is only slightly below their indus-
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trial production while Korea's industrial energy consumption (36 percent)
is somewhat greater than total industrial output (30 percent). In India,
however, 34 percent of total energy demanded is used by industry, whereas
industry produce~ only 18 percent of GNP. As a result, India's industrial
energy consumption/industrial output ratio is three to four times larger
than the ratios of the other three countries. 1In contrast, Kenya's indus-
trial energy/output ratio (871 toe/million $, is by far larger than either
Korea's or Brazil's despite its industrial energy consumption being both

relatively and absolutely smaller than theirs.

Comparisons of Structural Trends

Perhaps table 3-4 most simply captures the result of structural in-
fluences on energy demand. Between 1967-76 Korea's industrial output wa.
growing quite rapidly (23 percent) which entailed comparable cnergy growth
(20 percent). Vet Kenya, a slow growth country (8 percent), also experi-
enced rapid Increases in total industrial energy consumption (16 percent).
While India's industrial output was also growing only slowly, something was
causing its requisite energy inputs to be higher than were necessitated in
past output. Brazil's industry grew rather rapidly, and yet, like Korea,
energy inputs did not rise as fast as output. The possible explanations
for these differences among countrics will now be explored in mere detail.,

The trend in all four countrics since the mid-1960s has been that a
declining proportion of manufacturing output has been from light indus-—
tries, while heavy industries have been of growing importance (table 3-5),
This trend has been most pronounced in Korea and then India, but less so in
Brazil and Kenya. While heavy industries generally requive more encrpy
inputs per unit output than do light industrios.2 comparisons of thesc
trends with ratios of industrial cnergy consumption/dollar value of indus-
trial output (table 3-4) over the 1967-76 period provide a mized record.

In two of the countries--India and Fenya--the ratios increased, while in

ZThe question of cnergy intensities is explored in much greater detail
in chapter 4. At this point it is sufficient to note that heavy industries
on the whole require greater energy inputs per ton or dollar value of out-
put than do light industries. Table 4-2 providing energy input/output
coefficients for the United States illustrates this point.
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Table 3-4. Rate of Growth for Industrial Output and Industrial Energy
Demand, 1967-76

Industrial energy consumption/

1967-76 Rate of growth of Industrial output ratio
industrial industrial 1967 1976

OUt?;§ energ¥z?emand (toe $ million 1977 output)
Brazil 11 10 804 612
India 5 7 2,367 2,568
Kenya 8 16 393 871
Koreab 23 20 781 693

Source: Philippe Bourcier, "Energy," in Korea (Baltimor , Johns
Hopkins University Press, 1979); International ﬁaergy Agency, Workshop on
Energy Data of Developing Countries (Paris, OECD, 1979); United Nations,
Yearbook of Industrial Statistics, 1977 edition. vol. [ (New York, UN,
1979).

aManufacturing sector only.

bData for 1966-74.

the other two the ratio declined. That is, over this ten year period, for
every dollar increase in iandustrial output India and Kenya used an increas-
ing amount of energy. Production in Brazil and Korea required less cnergy
per dollar's worth of output in the mid-1970s than it had in the 1960s.

In more detail that the hecavy/light industry classification, table
3-6 provides in percentage terms the general distribution of several in-
dustries' contribution to total manufacturing value added. Although com-
parable manufacturing subsector energy demand data are not available, a
review of the internal structure of a country's industrial sector provides
some insight concerning the differences in industrial eneryy demand both
among countries and over time. These are enumerated in the following

country sections.
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Table 3-5. Light and Heavy Manufacturing Industry--Selected Countries

(percentage)
Mid-60s Mid-70s
Heavy Light Heavy Light
Brazil
Value added 54.7 45.3 62.8 37.2
Gross output 50.3 49,7 61.3 38.7
Koreg
Value added 35.5 64.5 48.6 51.4
Gross output 37.2 62.8 51.3 48.7
India
Value added 49.9 50.1 60.4 39.6
Gross output ' N.A. N.A. 59.5 40.5
Kenya
Value added 37.4 62.6 45.0 55.0
Gross output 28.3 71.7 33.9 66.1
Note: N.A. = not available.

Source: United Nations, The Growth of World Industry, 1970 Edition
(New York, UN, 1972): United Nations, Yecarbook of Industrial Statistics,
1977 edition, vol. I (New York, UN, 1979); United Nations Industrial Devel-
opment Organization (UNLDO), World Industry Since 1960: Progress and Proj-
ects (New York, UN, 1979).

Korea

Among the countries reviewed, structural shifts were Ly far largest in
the Republic of Korea when only the aggregate light/heavy industry classi-
fication was used. When manufacturing subsectors arce reviewed the trend is
not as apparent. Over the 1968-76 period less encergy-intensive light in-
dustries--food, beverages, tobaceco and tesxtiles--{c¢ll by 4 percentage point
in relative importance to total output, while the heavier and more cnevoy-
intensive machinery and cquipment industries grow significantly in relative
importance. The most cnergy-intensive industries—--chemicals, petroleum
refineries and basic metals--maintained their relative impcrtance in total

manufacturing value added over the period. Yot at the same time total in-



Table 3-6. Percent of Toral Manufacturing Values Added Originating in Several Manufacturing Subsectors

(percentage)
Brazil India Kenya Korea

1968 1974 1968 1976 1968 1976 1968 1976
Food products 12 10 9 9 16 33 7 7
Beverages, tobacco 4 3 3 3 14 13 16 12
Textiles 11 8 22 17 8 5 16 16
Machinery & equipment 20 22 21 23 18 12 10 17
Paper & products 3 4 2 2 2 4 3 2
Industrial chemicals 11 11 13 7 7 3 8 5
Other chemicals 6 4 a 8 a 8 5 5
Petroleum refineries a a 2 2 7 b 4 6
Iron & steel o0 T 10 11 - [1] 3 5
Nonferrcus metals 12, 14 2 2 - 1 1
Metal preducts Lo o 3 3 7 3 2
Other 21 24 13 13 21 17 23 22

Scurce: United Nations, Yearbook of Industrial Statistics, vol. I, 1977 adition (New York, UN,
1979); and Growth of World Industry, vol. I, 1973 edition (New York, UN, 1975).

aIncluded in industrial chemicals.

bIncluded in other chemicals.

LE
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dustrial output has been growing dramatically, equating to a sevenfold
increase over this period.3

Despite the comparatively large domestic market of the Republic of
Korea, the extent of its reliance on export-led growth is unique among the
countries considered here. During most of the period shown, export expan-
sion accounted for 38 percent of manufacturing growth while import replace-
ment contributed only 2 percent (UNIDO, 1979, Pp- 95-96). Manufactured
exports of engineering and metal products and of textiles are substantial.
The success of these exports is reflected in the relatively high shares
recorded in table 3-6 for textiles, iron and steel, electrical machinery
ard transport equipment.

At the same time industrial energy demand is rather low relative to
the other three countries. An important explanation would appear to rest
with the fact that its industrial sector was growing so rapidly during the
period when eneryy prices were rising. Direct and indirect energy ¢osts
as a fraction of the total cost of producing these materials have recently
risen to the point where energy is now a major cost clement (see table
3-7). Consequently, such newly industrializing countries as Korea benefit
from installing newer technologies with sipnificant cconomies in energy
consumption--cspecially in the encerpy-intensive heavy industries--compared
with slower growing more industrialized countries where energy savings are
more constrained by the existence of large prior capital investments.

The Republic of Korea apparently achieved substantial enerygy cconomies
in the few years following the price increases of the carly 1970s. This
seems to have occurred largely in industries where energy is used princi-
pally for materials forming, cutting and hnndlingé——metals fabrication,
machinery and equipment manufacture--precisely the industries which have
grown in relatively greatest importance. However, many other scctors have
alsc benefited from new industrial stock as exemplified by the fact that
Korea's textile industry is largely modern, with almost 50 percent of the

spindles and looms having been installed within the past five years.

3The decail of industrial output growth is largely obtained from
United Nations Yearbook of Industrial Statistics.

4”Industrial Growth Options and Energy Use in Developing Countries,"
unpublished paper by Alan M. Strout.
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Table 3-7. Ratio of Energy Costs to Total Production Costs in Korea

(percentage)

1973 1975
Manufacturing 4.6 6.7
Steel 4.6 16.5
Nonferrous metals 6.5 10.1
Machinery 3.2 2.5
Chemical industry 7.3 5.5
Petrochemicals 2.8 3.3
Synthetics 4,1 6.9
Pulp & paper (chemical) 9.9 12.8
Textiles N.A. 5.0

Note: N.A. = not available.

Source: Korea Development Institute, Long~Term Prospects for Economic
and Social Development 1977-91 (Seoul, Korea, KDI, 1978).

Additionally, the Korean government's response to the oil crisis has
been quite impressive: prices of petroleum products were increased in line
with international prices in contrast to previous policies of subsidizing
energy prices in order to promote industrial development. Also, a compre-
hensive energy conservation program was launched in November 1973 and was
then followed by additional measures in October 1974 and January 1975.
Under the provision of the Heat Management Law (HML) the program's objec-
tive is for 10 percent fuel conservation in industry and power generation.
The HML provides training in heat management, establishes energy consump-
tion standards and inspects industrial plants for implementation of energy
conservation techniques.

To summarize, the structure of industrial output has been of less
importance to Korea's industrial energy demand than has been the process of

rapid development itself. Rapid growth in many energy-intensive industries
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resulted in significant increases in industrial energy demand. However,
the reliance on newer energy-saving equipment left Korea's energy consump-
tion/industrial output ratio (despite the changing structure) rather
stable. Government policies alsc encouraged industrial energy conserva-

tion.

Brazil

Of the countries considered, Brazil has the advantage of a large do-
mestic market and one of the highest incomes in Latin America. Import sub-
stitution and domestic market expansion have been closely associated with
policy formulation throughout much of the postwar era. The encouragement
of heavy industry has been an important element in the country's overall
policy of import .replacement. Consequently, the share of light industry in
total manufacturing value added is the lowest among the countries reviewed
~-~37 percent.

During the period 1967-1976 the industrial sector of Brazil expanded
at an exceptionally rapid pace: 11 percent per annum. Production was
diversified to encompass certain capital goods and sophisticated consumer
durables. Simultaneously, the emphasis of industrial policy was broadened
to include some specific export promotion policics. As of 1977, the indus-
trial policy of Brazil was focused on iron and steel, nonferrous metals,
cement and petrochemicals--all heavy industries. In addition, Lhe capital
goods industry had been identified as a braod sector in which import sub-
stitution was a major goal.

As in the case of Korea, fast industrial growth, especially in the
heavy industries, required large increases in energy {(table 3-2). Also as
in Korea, rapid industrialization allowed the increasing use of energy-
efficient capital equipment so that total industrial energy demand rose
less than might have been expected given its fourfold increase in steel
and aluminum production, and a threefold increase in both cement production
and petroleum refining between 1967-1977.

However, what Is most curious is that, although industrial energy con-—
sumption has continued to rise sharply, the ratio of industrial energy
consumption te industrial output has actually been declining over the last

ten years. (In Korea it remained rather stable.) The energy/GDP ratio was
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on the rise in most industrial countries during the 1960s, and it seems
unlikely that the figures reflect a special Brazilian bent for energy ef-
ficiency. A more likely explanation is that as commercial fuels replaced
less efficient noncommercial fuels, there occurred a one~time rise in ap-
parent energy efficiency (Erickson, 1980, pp. 1-7). The degree to which
this might be the case cannot readily be ascertained, since, as detailed

in table 3-2, noncommercial fuels consumption was rising during the 1967-76
perind (4 percent/year), although at a pace much slower than total indus-
trial energy demand (10 percent/year).

In addition to this effect of declining noncommercial fue! usc on
total industrizl energy demand, improvements in Brazil's energy/output
ratio may also be attributed to greater utilization of energy saving equip-
ment, especially in just a few industries. By 1979, the cement: industry
consumed 20 percent of all the fuel oil used in Brazil, f r surpassing its
nearest competitors: petroleum refining (14 percert), steel (11 percent),
and petrochemicals (11 percent). It will also i.e recalled from table 3-6
that the single largest manufa:zturing sulscctor, machinery and equipment,
has also grown significantly over the iast decade. Since these are two of
the least energy-intensive heavy industries, the growth in total industrial
output may have indeed reqiifved less than a comparable rate of growth in
industrial energy demand--tlierefore the declining energy/output ratio.

The second o0il shock prompted President Jo%% Baptista l'igueiredo in
July 1979 to warn that new oil prices would force his government to adopt
measures similar to those of a "war economy." A< a result, the National
Energy Commission was created in July 1979. Goals include increased domes-
tic production of petroleum products, pushing ahead in the harnessing of
Brazil's rich hydroelectric potential, and major increases in coal produc-
tion so that coal can replace fuel oil, particularly in such industries as
cement production.5 The government also pressed ahead in its desire to

substitute alcohol for petroleum fcedstocks in the chemical industry.

5Consequently, the government goal is to get Brazilian industries to
accept the coal, and in September 1979 officials took a major step in this
direction. The ministers of industry and commerce, of mines and erergy,
and of transportation signed an agreement with the presidents of the sindi-
catos (associations) of cement and coal mining firms to begin substituting
coal for fuel oil in the cement industry. The cement industry will pro-



Like Korea, Brazil has a very large industrial base which has been
expanding steadily. The structure of production emphasizes the energy-
intensive industries and will continue to do so. This has entailed large
increases in industrial energy requirements. Yet the use of newer energy-
saving technology coupled with a decreasing reliance on energy-inefficient
noncommercial fuels has resulted jin declining industrial energy/output
ratios; lower than the other three countries being reviewed.

Recent government policies reflect a growing awarceness of the need for
industrial conservation measures given the energy-intensive structure of
output and the large dependence of Brazil's industrial sector on imported

oil.

India

The industrial structure of India with its large domestic market is
characterized by a wide range of activities. The basic pattern of struc-
tural change, starting in the 1950s and continuing into the 1970s, was an
increasing role for capital goods industries which expanded mainly at the
expense of agro-based light industries. The share of light industries
declined from 50 percent in the mid-1960s to 40 percent ten years later.

The performance of different industries has varied considerably.
Among the more dynamic have been basic industrial chemicals, pharmaceuti-
cals, paper and paper products, engineering goods and silk and rayon tex-
tiles. The growth in basic industries such as iron and steel and cement
has sometimes lagged. deginning as carly as 1956 with the Industrial Pol-
icy Resolution, the government stressed heavy industry growth with the
public sector taking a leading part. GState participation has varied among
branches from that of sole responsibility (iron and steel, hcavy electrical
machinery, aircraft and shipbuilding) to that of simply taking the ini-
tiative in the creation of new industriecs (machine tools, chemicals, ferti-
lizers, synthetic rubber, etc.). Policy now seems to have shifted from an
emphasis on heavy industry as the prime engine of growth to rural develop-

ment and small-scale and cottage industries (UNIDO, 1979, pp. G1-94).

gressively increase 1ts coal consumption, according to an agreed-upon time-
table, and, during the transition, government subsidies will neutralize
fuel-price differences among firms in the sector (Erickson, 1980, p. 36).
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As noted earlier, India's industrial energy consumption is extremely
large (34 percent of total energy demand), especially considering the rela-
tively small role of industry in overall economic activity (18 percent).
Also, the Indian industries' energy requirements per dollar of output are
far larger than those of the other three countries being reviewed. One
important explanation for this high industrial energy demand would appear
to center on the fuel composition of industrial energy demand. Since India
has abundant coal resources most industries developed by utilizing coal as
their ernergy source. 1In fact, the worldwide trend to oil use in the post-
war period generally did not occur in the Indian industrial sector. Up
until 1970 the share »f ccal in total industrial energy consumption was
actually rising. This was at least partly because of the change in the
industry mix; there was rapid expansion in such coal-using industries as
steel and cement in the late fifties. In the sixtics there was a small but
distinct shift to oil. An expansion of domestic oil refining made avail-
able increasing quantities of furnace oil that were absorbed by industry as
well as by power plants. However, most oil resources had to be imported so
that after the 1973 o1l price rise much of these supplies could no longer
be afforded.

The industrial sector was considered by the Indian government to be
particularly susceptible to cutbacks in o0il consumption through coal utili-
zation. By ard large, the government relied on the rises in petrcleum
product prices, reinforced by taxes, to restrain oil consumption. However,
since energy costs constituted only a small proportion of many industries'
total costs, it was believed that the industrial demand for furnace oil
would be inelastic. Hence, physical allocation was resorted to. By 1976
coal accounted for 73 percent of total industrial energy demand, down only
slightly from the 79 percent share it held in 1967. Industrial petroleum
consumption actually declined to only 11 percent of the total from its 17
percent share ten years carlier (see table 3-2).

The significance of the dominant rolce of coal in the industrial sector
is that coal is generallyv used in ltess efficient industrial boilers than is
petroleum resulting in higher requisite cnergy inputs. One study has shown
that enormous amounts of energy used in industry are discarded as waste

heat and that, with some exceptions, there is evidence that the efficiency



44

of energy use has not been of concern to industries (Ramachandran, 1977,
P. 385). The production of primary metals, basic chemicals, petroleum
products, food, paper, glass, and concrete account for a substantial por-
tion of the energy consumed in the iudustrial sector, Coal is used to a
large extent in all of these industries, including petroleum refining.

While it is government policy to encourage the use of coal in furnaces
and boilers rather than fuel oils as a result of India's resource endow-
ment, this policy is being matched by encouraging greater efficiency of
coal use. The National Productivity Council has been identified as the
agency for providing services such as surveys of industrial energy utiliza-
tion and industrial establishment energy audits.,

Two other factors might also have resulted in the apparently high
industrial energy output ratios in India. First, heavy energy-intensive
industries comprise the bulk of industrial output, Since most of these
industries have been growing only slowly, the opportunities for substitut-
ing old production equipment with newer, more energy-efficient capital has
not been nearly as great as, for example, in Korea and Brazil.

Second, at least some measure of explanation is provided by the makeup
of many Indian manufacturing subsectors. There is an extremely large num-
ber of small and old establishments, especially in the light industries,
which might suggest serious diseconomies of scale when one is considering
energy usage. Textiles accounted for almost 17 percent of India's 1976
manufacturing fuel oil consumption, which is more than that used by any
other industry except chemicals (Desai, 1979, p. 21). Up until recently
government policy had not been to encourage modernizing investments which
might have resulted in increased energy efficiency in these small estab-
lishments.

The important role of coal and the development of heavy industries
explain most of India's high industrial energy consumption, ..e current
government policy of placing renewed emphasis own agro-based and light in-
dustries, coupled with this continued importance of coal, will most likely

determine future industrial energy demand.

Kenya
The manufacturing sector in Kenya has been diversifying, but by 1976

manufacturing value added had amounted to only 17 percent of GDP. Textiles
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and leather products have been the most dynamic as have rubber and metal
products. Petroleum refining has also expanded somewhat over the last
decade.

Kenya's 1974-78 development plan foresaw a 10.1 percent annual growth
in manufacturing output, but this was attained only once, in 1976. These
were years of weak domestic demand and high inflation. Food processing,
footwear, textiles and clothing have together provided about 45 percent of
manufacturing output in recent years, although they have suffered from
periodic problems. In the case of food processing, droughts affecting
agriculture have upset growth plans. Clothes and textiles have suffered
from severe excess capacity, brought about by a depressed home market,
cheap imports and interruptions in the foreign supply of cotton inputs.
Despite this excess supply, the 1974-78 plan envisaged major investments in
textiles, along with fertilizers and metal semimanufactured goods. Paper
output nearly doubled between 1972 and 1975 and a new mill was opened in
1975 (UNIDO, 1979, pp. 100-101).

What is most noticeable about the structure of Kenya's industrial
sector is its large contribution of food products to value of output: 33
percent in 1976. More generally, light industries as a whole accounted for
55 percent of industries' value added. Normally, such a structure empha-
sizing light industries would require less cnergy than when heavy indus-
tries dominate, and in fact Kenya's industrial energy consumption is quite
small relative to both the other three countries' industrial energy demand
and to its own distribution of total energy consumption. Only 10 percent
of its total energy demand was consumed by industry. Yet, Kenya's energy
consumption of 871 toe per million dollars of industrial output is second
only to India's ratio. Brazil's and Korea's requisite energy inputs per
million dollars of output are much lower, 612 toe and 693 toe, respectively
(table 3-4), What then explains Kenya's relatively high energy require-
ments?

Petroleum refining is very important in Kenya's industrial sector, 8
percent of total value added. Yet, although the data are scarce, it ap-
pears that about 25 percent of industrial commercial enerygy demand is used
by petroleum refineries. 1In addition to the large energy inputs required

in petroleum refining, Kenya's East African 0il Refinery increased its size
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after 1973 but did not increase output. Consequently, efficiency fell and
is reflected by apparently high overall industrial energy demands relative
to output.

Two other factors may have also contributed to Kenya's relatively high
energy requirements. First, food processing has suffered in recent years
from droughts while textiles have suffered from severe excess capacity.
Given the important role of these industries in total industrial output and
the indivisibilities in energy-using equipment, unusually high energy re-
quirements may have resulted. Second, less efficient noncommercial fuels
such as fuelwood have been extremely important in total industrial energy
supplies. In 1976 they accounted for 13 percent of the total. For ex-
ample, it is reported that one manufacturer of food and household items had
only recently hired an engineer to make process modifications to reduce
energy use, in addition to eliminating the use of firewood (Schipper, 1980,
p. 4). Government policy now aims to conserve wood for uses other than
process heat and so the role of noncommercial fuels in industry should
decline.

Despite relatively slow overall growth in Kenya's industrial sector,
industrial energy demand has grown at a much faster pace. The dominant
role of light industries, especially food processing, would seem at first
glance to be contradictory to such a development. The role of petroleum
and the importance of noncommercial fuels help explain the contradiction.
In addition, depressed demand and excess manufacturing capacity may explain

in part Kenya's large industrial energy demand growth.
p y 8 y
Conclusions

The record was found to be gquite mixed among Korea, Brazil, India and
Kenya with regard to structural characteristics and their effects on indus-
trial energy demand. Korea, which experienced the most rapid rate of in-
dustrialization and, more specifically, the most rapid change in emphasiz-
ing the energy-intensive heavy industries over light industries, had the
fastest growth rate of industrial energy demand, 20 percent--though much
slower than its growth rate of industrial output. Yet in Kenya where all

industries, especially heavy ones, have grown relatively slowly, industrial
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energy demand grew at an annual 16 percent rate between 1967-76. 1In Brazil
and India industrial energy demand grew in tandem with their respective
industrial output. In all four countries the size of the industrial sec-
tor is, as expected, directly related to the size of industrial energy
demand.

In Korea, the utilization of rewer energy-efficient equipment appears
to have been more important than the actual structure of industrial output
although emphasis on heavy industries also helps determine energy demand.
In Brazil, industrial growth rates have been accompanied by only comparable
energy demand increases despite the greater role of heavy industries in
total output. Partial explanation is that machinery and equipment, two of
the least energy-intensive heavy industries, have been the most dynamic
sectors. The declining relative importance of noncommercial fuels in in-
dustry also explains the softening of energy requirements despite rapid
industrial growth.

In India the structure of fuel sources--namely the high dependence on
coal--appears more significant in explaining industrial energy demand than
does the structure of its output mix. Coal usage will continue to be en-
couraged as will a renewed emphasis on light agro-based industries. The
structure of industrial output in Kenya's energy demand is significant
primarily because petrcleui refineries require an abnormally large percent-
age of total energy consumption. As in Brazil, the structure of energy
supplies may also be an explanatory factor in its energy/output ratio since

noncommercial fuels make up 13 percent of total industrial energy supplies.
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Chapter 4

MANUFACTURING PROCESSES AND ENERGY INTENSITY

We noted at the outset that the energy intensity of industrial out-
put--that is, units of energy inputs required to produce units of physical
output--has significant implicatisns for total energy demand and for con-
servation opportunities, Not only is the choice or structure of industrial
output important, but so also is the choice of production process and the
efficiency of production., Many believe that reductions in industry's
energy intensity might result in significant energy savings. Reductions,
it will be recalled, do not mean energy conservation through physical
reductions in output. Rather, given a certain output, changes/improvements
in production activities or processes may result in less energy being con-
sumed to produce this output than would have been the case had these
changes/improvements not taken place.

Energy intensities vary both among and within industries. The manu-
facturing of aluminum is known to be more energy—intensive than the manu-
facturing of steel. Within steelmaking itself there are several different
technologies, each with its own minimum energy requirement. Similarly,
several plants using the same steelmaking technology may have different
energy intensities of production resulting from varying ages of plants,
capacity utilizations and management techniques. Conservation measures
are believed possible in all these determinants of production efficiency.
In the United States, for example, it is estimated that such intensity
conservation measures, with present technology, could result in 40 percent
energy savings, the bulk coming through the replacement of primary process

facilities in chemical. steel, aluminum and paper industries (CONAES,
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1979a, p. 106). To date, however, we have seen that most industrial energy
savings have been attributed to "houseckeeping' measures,

In Europe about 50 percent of total industrial energy demand is gen-
erated by three highly energy-intensive industries——iron and steel, chemi-
cals, and aluminum. As a result, the pattern of energy demand and con-
servation potential has been heavily influenced by the process technology
of these three industries (ECE, 1976, p. 65).

While the specific source and means of conservation potential varies
within each manutacturing subsector, it is the process steam and direct
heat applications which offer the greatest opportunities for energy sav-
ings. Together these two energy activities account for approximately two-
thirds of total industrial energy inputs, The remaining one-third is
accounted for by electricity, 26 percent--mostly for heating, lighting and
air conditioning--and by energy feedstocks, 9 percent of total industrial
energy inputs (EPRI, 1978, p. 24).

Before proceeding 1t is worth renoting the caveat made in chapter 1.
The following discussion documents the wide energy differences which exist
among countries, among industries, and among industrial processes. Our
concern is with one input into the production process--energy., There is
little attempt to analyze the total economics of a particular industry or
factory. Rather, what this chapter describes is, first, that contrary to
the prevalent view of near uniform energy consumption within industries
among countries-~due to similarity of technology-—there is a wide variance
in countries' energy input/physical output requirements. And second, there
is ample evidence of industrial energy conservation opportunities as

seen by intercountry comparisons and intracountry trends over time.

Choice of Industries

To obtain energy intensity measurements we compare "specific energy
consumption" ratios in the major energy-consuming industries. This follows
the method adopted in chapter 2 whereby industrial cnergy use was divided
by industrial output. For individual industries, however, energy require-

ments per physical unit of output--usually metric tons--are detailed.
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This allows comparisons between countries and over time.l For example, a
decline in energy use per ton unit of outpul accords with the general
notion of an improvement in the efficiency of eunecrgy use.

In the United States the major energy users are primary metals (iron
and steel, aluminum, and copper), chemicals, petroleum refining, stone/
clay/glass products, which includes cement, paper products, and food prod-
ucts (see table 1-2). All of these except food are considered heavy indus-
tries. Since the 1950s the typical development pattern of many LDCs has
been to move from an agricultural-based economy to one increasingly based
on industrial production--first Light industry and then heavy industry
(table 4~1). A review of the development plans in the mid-1970s for four-
teen developing countries indicates that the movement toward emphasizing
heavy industry will continue (UNIDO, 1979, p. 76),

What is significant about this trend of increasing heavy industry
production is that these are very cnergy-intensive as indicated by the
United States' 1972 input/output table. The dollar value of energy inputs
directly required for each dollar of output (direct coefficlents) indicates
the relative order of energy~intensive industrvies. As detailed in table
4-2, the order of encrgy—intensive industries changes only slightly if to

the direct energy coefficients arc added indirect energy requirements for

1 , . .

We do not, however, compare energy intensities for different products
intended to provide similar end services--for example, comparisons between
steel, cement and bricks; all building materials. While certainly an im-
portant topic, cross-product energy intensities are beyond the scope of
this short overview on industrial energy demand.

2Light manufacturing is defined in terms of the following ISIC divi-
sions and major groups of industry: food, beverages and tobacco (31);
textiles, wearing apparel and leather (32); wood and wood products ineclud-
ing furniture (33); printing, publishing and allied industries (342);
rubber products (355); plastic products (356); and other manufactuvres (39).
Heavy industry consists of the following: paper and paper products (341);
industrial chemicals (351); other chemical products (352); petroleum re-
fineries (353); miscellancous products of petroleum and coal (354); non-
metallie mineral products except products of petrolecum and coal (36);
basic metals (37); and fabricated metal products, machinery and equipment

(38).
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Table 4-2. Energy Coefficlents For Selected U.S. Industries

(dollars)

Direct energy
coefficlentsa

Total energy
coefficients

Energy Industries

Petroleum refining and related industries .572
Electric, gas, water and sanitary services .374
Coal mining 155
Crude petroleum and natural gas .050

Extractlve Industries

Chemical and fertilizer mineral mining 107
Iron and ferroalloy ores mining .080
Stone and clay mining .068
Nonferrous metal ores mining 045

Heavy industries

Chemicals and selected chemical products .068
Primary iroa and stecl manufacturing .059
Stone and clay products .048
Paper and allied products, except containers V46
Glass and glass products .044
Primary nonferrous metals manufacturing .031
Miscellaneous machinery, except electrical 024
Paints and allied products ,022
Other fabricated metal products : .017
Metalworking machinery and equipment .017
General industrial machinery and equipment .017
Electrical industrial equipment and apparatus .015

Light Industries

Plastic and synthetic materials .035
Lumber and wood products except containers .025
Rubber and miscellaneous plastic products .019
Broad and narrow fabrics, yirns and thread mills .018
Miscellaneous textile goods 016
Wood containers .015
Food and kindred products .013

1.657
1.322
1.213
1.073

175
.138
.137
.098

.263
.133
.119
.120
.09¢6
.109
.070
.129
.073
.056
.065
.060

.159
.083
.085
.098
.096
072
.066

Source: Philip Ritz, "The Input-Output Structure of the U.S. Economy, 1972," in
Survey of Current Business, U.S. Department of Commerce, vol, 59, no, 2 (February 1979).

aDirect input of energy in dollars from the four energy industries--coal mining, crude
petroleum and natural gas, petroleum refining and related industry, and electric, gas,

water and sanitary services--needed for each dollar of industry output,

Survey's table, "Commodity-by-Industry Direct Requirements,"

Derived from

bEnergy output in dollars required, directly or indirectly from the four energy
industries for each dollar of delivery to final demand of the commodities listed. Derived

from Survey's table, "Industry~by-Commoditv Total Requirements."



Table 4-1. Shares of Light and Heavy Industry in Total Manufacturing

(percent)
1955 1960 1965 1970 1976

Light Heavy Light Heavy Light Heavy Light Heavy Light Heavy

industry industry industry industry industry industry industry industry industry industry
World 41,2 58.8 40.7 59.3 37.0 63.0 34,4 65.6 32.3 67.7
Centrally planned economies 49.3 50.7 41.9 58.1 36.0 64.0 33.0 67.0 28.2 71.8
Developed market economies 36.5 63.5 38.0 62.0 35.2 64 .8 33.0 €7.0 32.4 67.6
Developing countries® 67.3 32.7 62.5 37.5 56.8 43,2 52.8 47,2 48.9 51.1
Asia - - 69.0 31.0 61.0 38.4 57.9 42,1 55.0 45,0
Latin America - - 57.2 42.8 52.3 47.7 47,7 52.3 42.5 57.5

Source: UNIDO, World Industry Since 1960: Progress and Prospects (New York, UN, 1979), p. 66.

a . . . . . . . . . .
Although the totals for developing countries include certain Atrican countries, precise figures for the region of Africa
cannot be derived.

e
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each dollar delivery to final demand; that is, total energy required for
each subsequent step in the production process. Chemicals and construction
products are by far the most energy-intensive manufacturing industries
followed by paper and wood products. Textiles, food and machinery are the
least energy-intensive. In addition, the energy industries themselves are
also quite energy-intensive as are the extractive industries. Given the
developing-country shift to these more energy-intensive heavy industries,
conservation measures take on added importance.

Since the bulk of industrial energy consumption is accounted for in
several key energy-intensive industries, which in turn often consist of
only several firms, and since the intent of most developing countries is
to expand these industries, a large amount of LDC industrial energy con-
sumption may be explained by reviewing only five industries: iron and
steel, cement, pulp and paper, chemicals (fertilizer), and other basic
metals (aluminum and copper). However, given the dominant role of food
products and textiles in the manufacturing output in most developing coun-
tries (UNIDO, 1979, pp. 87-99), these two industries will also be reviewed.

The methodology employed is to look at specific energy consumption
per unit output in various countries for which data are available. Even
though energy consumption is a function of several factors including tech~—
nology, product and fucl mix, and other less quantifiable factors as man-
agement skills, and though industry-wide specific energy consumption ratios
often mask over wide differences among individual plants, these inter-

country comparisors, with appropriate discussion, can be quite informative.

Iron and Steel

Despite its capital-intensiveness, a steel industry has been regarded

as sine qua non for industrialization by many developing countries' gov-

ernments. Seen as an important indicator of both national economic and
military strength, governments have not only encouraged this industry's
growth but have become directly involved in the process. As a result of
its perceived importance, steel production, already among the major energy
uses in many councries and one of the most energy-intensive, will continue
to grow rapidly according to known developing countries' industrialization
plans (UNIDO, 1978, p. 17). Consequently, energy conservation measures

may be important for this industry.
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As shown by figure 4-1, most steelmaking energy is initially used in
the blast furnace, fully 54 percent. Twenty percent of total energy re-
quirements is for the forming of slabs and blooms and in hot and cold
rolling, while only 4 percent is newly introduced in the steelmaking
furnaces. However, steel furnaces are the source of 20 percent of all
energy losses. In the blast furnace another 15 percent of total energy
inputs are lost, largely in the form of heat in slag and cooling water.

Historically, almost all energy used in the blast furnace has been
coking fuel for pig iron smelting. And since coke is one of the most
expensive fuels in terms of calories, it is not surprising to discover that
developed countries with large steel industries have concentrated energy-—
sa7ing efforts on reducing specific coke consumption. Such efforts have
been largely successful. In a recent UN study, for example, it was shown
that France had implemented 25 percent coke utilization improvements over
the 1967-77 period (ECE, 1980, p. 60). Interestingly, despite the reduc-
tion of the coke rate since the 1960s, no appreciable decrease in total
ironmaking energy consumption occurred in most developed countries (UNIDO,
1978, p. 169). This is primarily because of the increaslng injection of
auxiliary fuels in the blast furnace (BF) and the fact that modern blast
furnaces produce much less blast furnace gas than did the old furnaces,
which then reused this waste gas.

Energy savings have also resulted from technology changes in the stwel
furnace process. Up until the late 1960s the old Thomas and open-hearth
processes were predominant in world steelmaking capacity--70 percent of the
total. By 1970, however, there had been a significant shift to the open
hearth's successor, the basic oxygen converter furnaces (BOF)--top or
bettom blowing. The converter method requires only about 20 percent of the
energy needed by the open-hearth method. For those countries which had
developed steel industries and then converted over, significant decreases
in specific energy consumption have been obtained. Most developing coun-
tries, however, with relatively new steel industries never built these old
inefficient open-hearth furnaces. Practically none have been built in the
world for over ten years.

The specific consumption ratios in table 4-3 comparing energy use per

metric ton of steel were compiled from many sources and such data should
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Figure 4-1. Distribution of energy consumption and losses* by stages in
the steelmaking process, utilizing pig iron.
Source:
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and Energy Conservation (New York, UN, 1980) p. 58.
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be viewed with extreme care.3 Nevertheless there is quite a range in
specific energy consumption depending on the country and on steelmaking
processes used, varying from lows in Italy and Japan of 3.3-4,3 million
kcal/metric ton to extimates of about 17 million kcal in China. Japan's
energy efliciency may be attributed to first, its early adoption of con-
tinuous casting4 which saves between 10-15 percent energy per ton output
(ECE, 1980, p. 60) over traditional ingot casting in primary mills, and
second, to its use of prerolling heating., Italy's apparent energy effi-
clency is attributed largely to the importance of scrap-fed electric arc
furnaces in its overall steel industry which requires the least energy
inputs of the steelmaking processes.5 China, on the other hand, utilizes
poor quality ore and coking coal in small, energy-intensive, so-called
"backyard" open hearth blast furnaces (Smil, 1978, p. 356). In fact, iron

and steel require nearly one-fourth of China's national raw coal consump-

3For example, energy intensities for the United States vary by almost
30 percent depending on whether one uses American Iron and Steel Institute
data per ton raw steel (Myers, 1978) or the International Iron and Steel
Institute data per ton crude steel, Raw and crude steel theoretically are
synonomous. AISI attempts to include all energy used from raw materials
to finished steel products. Also IISI data are sometimes cited as per ton
rolled steel (ECE, 1980) rather than crude steel despite the fact that
there is about a 22 percent difference between the two types due to roll-
ing, cutting and drawing losses. There are problems of measurement re-
sulting from the inclusion/exclusion of coking coal, blast furnace and
coke oven gas, different treatments of electricity, the problem of energy
sold from the steel mill and simply problems of energy conversion factors.

4This process takes molten metal from the final reduction stage and
casts it directly into shapes for final use or for subsequent fabrication.
The traditional method would be to first cool the steel into ingots which
then need to be reheated before being reduced at the primary mill into
semi-fabricated blooms, billets and slabs. This reheating process is an
important source of added energy consumption.

5A drawback to the Basic Oxygen Furnace was that it could accommodate
only a limited amount of steel scrap. Therefore electric arc furnaces have
been widely adopted and now account for 17 percent of total world steel-
making capacity. The electric arc can use any mixture running from total
scrap to total pig iron. If 3 normal BF/BOF 30:70 pig iron/scrap ratio is
used in the electric arc furnace, its specific ¢nergy consumption is quite
high. However, if 100 percent scrap is used in the electric arc furnace,
energy requirements are much lower than for BF/BOF production even after
adjusting for electricity transformation losses.
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Table 4-3. Specific Energy Consumption Per Metric Ton of Crude Steel

(104 kcal/metric ton)

Italy® (mid-1970s) 334
Japanb (1973) 430
United Kingdom® (mid-1970s) 478
Cermany® (1973) 536
United States® (mid-1970s) T 543
Belgium® (1973) 547
Canada” (mid-1970s) 555
France® (1973) ' 570
New Zealandb (mid-1970s) 739
United States (1970)€ 749
Inited States (1973)° 695
"nited States (1976)° 723
Bangladesh (1968)9 571
Bangladesh (1970)9 777
Bangladesh (1973)¢ 501
China, P,R. (1974)° 1700
China, P.R, (1978)F 389-577
Egypt (1978)8 856
Peru (1976)" 569
Turkev® (mid-1970s) 500
Theoretical rninimumi 167

alnternational Energy Agency, Enerry Conservation in the Inter-
national Energy Agency 1976 Review (Paris, OECD, 1976) p, 17,

bUNIDO, The World Iron und Steel Industry, seccond ed., UNIDO/
1C1S-89 (New York, UN, November 1978) p. 164,

€John G. Myers and Leonard Nakamura, Saving Energy in Manufacturing:
The Post-Embargo Record (Cambridge, MA, Ballinger, 1978) p. 106. Includes
energy from raw materials to finished product stage.

ndLa Systems, lnc, and Montreal Engineerlng Co., Ltd., Bangladesh
Energy Study vol. 1, administered by Asian Development Bank under Unlted
Nations Development Program (November 1976) p. 2-334,

®vaclav Smil, "China's Fnergetics:, A Systems Analysis," in Chinese
Economy Post-Mao (Washington, D.C., Jolnt Economic Committce, GPO, 1978)
p. 356, Coal alonc.

fForei[;n Broadcasting Information Service, Central Intelligence
Agency, "PRC National Affairs Publication" 213 (November 1, 1979) p, L13.
Coal alone.

gEgypc and U,S. Department of Energy, Joint Egypt/United States Report
on Egypt/United States Cooperative Faergy Assessment vol, 3 (Washington,
D.C., GPQ, April 1979) p. 25,

hl’eru and U.S. Department of Energy, Jolnt Peru/United States Report
on Peru/United States Cooperative Energy Assessment vol. 3 (Washington,
D.C., U.S. Department of Enerpy, August 1979) p, 32,

iElectric Power Research Institute (EPRI), Efflclent Electricity Use
2nd edition, Craig Smith, ed, (New York, EIRI, Pergamon Press) p. 37.
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tion, which accounts for 30 percent of its total industrial energy usage.
China also has little scrap to use in its furnaces, which would help to
reduce primary energy requirements.

The record is mixed in the United States' steel industry because of
several conflicting energy use trends. While the use of energy-intensive
open-hearth furnaces fell by about 50 percent in the 1970-76 period, re-
placed by more energy-efficient electric arc and basic oxygen furnaces,
and the use of continuous casting tripled (Myers, 1978, p. 114), fuel
supply interruptions and environmental controls have kept iron and steel
energy requirements from falling steadily. Additionally, capacity under-
utilization has also been a problem and is reflected in the changing enersy
intensities. In 1970 and 1976 when there was only 80 percent capacity use,
relatively high energy intensity ratios resulted, 7.2-7.5 million kcal/
metric ton. When the capacity utilization in 1973 was 98 percent there
resulted a 5 percent per metric ton improvement in energy requirements.

Capacity underutilization also explains in part the high energy inten-
sities in Bangladesh's 1967-vintage open-hearth furnaces. These furnaces,
which have operated at only 30 percent of full capacity, utilize imported
pig iron and scrap. Consequently, coke is excluded from the intensity
ratios. Had it been included the 1973 specific energy consumption would
probably be near 8 million kcal rather than the listed 5 million kcal.

The furnaces and mills utilize petroleum products and electricity although
there are plans to switch over to domestically more abundant gas at several
of the rerolling mills.

In Peru, even though the specific energy intensity in its single elec-
tric arc and three BOF steelmaking plants, which also utilize continuous
casting, is comparable to that in many industrial countries, petroleum
fuel usage has risen by almost 25 percent between 1972 and 1977. This is
largely because petroleum was replacing imported coke in the blast furnace
(Peru, 1979, vol. 3, pp. 30-31). In Egypt there also appears to be much
greater emphasis on reducing the coke rate--largely by increasing natural
gas use--than on pure cnergy conservation because of the adverse effect of
coke imports on its foreign exchange position (Egypt, 1979, vol. 3, p. 22).

These examples of Peru and Egypt lead to a major question concerning

steel production in developing countries. While there remains large energy
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conservation potential in the recovery of waste gases and low-grade heat
for use in boilers for steam production and generation of electric power,
long-term energy conservation must focus on the choice of technology. This
choice is, in turn, affected by the fact that very little coal, either
coking or noncoking, is located in the developing countries. Consequently,
in many LDCs, the focus is to not only reduce, but to replace, coke in the
ironmaking blast furnace with more readily available fuels. This has been
done, for example, by injecting fuel in the tuyeres and hot gas in the
stack. As detailed in table 4-4, the specific energy consumption rises
substantially with these methods. As a result, while scarce coke is saved,
more energy is actually consumed per ton of output.

Another rather energy-intensive process which is gaining popularity in
developing countries is the direct reduction method. Many countries have
built electric arc furnaces; furnaces which can make steel using from 100
percent pig iron to 100 percent scrap. But since pig iron requires large
coke inputs in the blast furnaces and since scrap is generally just as
scarce as coke,6 direct reduction of iron (DRI), pioneered in Mexico, is
used instead. Although more energy-intensive, direct reduction allows iron
ore to be reduced by low-grade coal or gas reducers to sponge iron, which
can then be charged in an electric furnace to be converted into steel.
Already operating or being built in Mexico, Argentina, Brazil, India,
Korea, and Venezuela, no less than twenty other developing countries have
expressed interest in this "mini-plant' direct reduction method (UNIDO,

1978, p. 88).7 As a consequence, tecchnological improvements in DRI-elec-

6For example, Peru is planning to use more energy-intensive prereduced
pellets in future plants in order to replace reliance on imported scrap
(Peru, 1979, vol. 3, p. 32).

7WOrld capacity of DRI is expected to triple from its present 35
million metric ton level, possibly as soon as by 1990, largely in the
developing countries fed by iron oxide raw material mined in Latin America.
This projection was made by Jacques L. Astier, president of Societe des
Minerais Pereduits at the opening session of the "Direct Reduction-80"
Congress hield in carly August 1980 in Buenos Aires by the Instituto Latino
Americano del Fierro y El Acero. Cited in American Metal Market, August
5, 1980.
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Table 4-4. Energy Requirements in the Production of Liquid Steel by
Varisus Processes®

(lO4 kcal/metric ton)

Open hearth furnace 549
Blast furnace/BOF (100% coke) 540
Blast furnace/BUF (coke oven gas injection) 429
Electric arc furnace (100% scrap) 330
Fuel o0il injected blast furnace /BOF 485
Fuel o0il and reformed gas blast furnace/BOF 601
Electric arc furnace (direct reduction) 522

Source: UNIDO, The World Iron and Steel Industry (New York, UN, 1978)
p. 167.

a - . -
Assumes a 30 percent electricity generating efficiency.

tric arc systems may be the most significant source of future energy con-
servation potential in the steel industry of developing countries.
Nevertheless, since the more conventional technologies predominate,
traditional conservation measures should also be emphasized. Housekeeping
items can provide an estimated savings of 3-4 percent of total energy used
in steelmaking in the developed countries (UNIDO, 1978, p. 190). Based on
sketchy information from countries such as Egypt and Bangladesh, such
housekeceping-based savings might be even greater in many developing coun-
tries. Also, judging from the record in several industrialized countries,
intermediate-term measures such as fuller capacity utilization and increas-
ing electric-furnace and continuous casting capacity, scrap preheating,
waste gas/heat recovery, fuel mixing and improvements in soaking pits,
annealing and heat-treating facilities could save an additional 5-10 per-
cent of energy consumption per ton of steel output. The post-=1973 record
in the relatively well-established Indian steel industry, where fuel oil

requirements per ton output fell by 20 percent (Desai, 1980, p. 12), would

8Interestingly, not only is the BF/BOF route less energy-intensive
than the DRI/electric arc process, but one study indicates that for capaci-
ties in excess of one million tons the capital cost per ton BF/BOF capacity
is also less than for the combined DRI/electric arc facilities (UNIDO,
1978, p. 95).
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seem to confirm such potentialities. Detailed estimates for Egypt show
similar conservation potential (Egypt, 1979, vol. 3, p. 28) although in-

creased gas use to replace coke inputs may counteract such energy savings.,

Cement

Like iron and steel production, cement production is rather energy-
intensive. Also as with the steel output, cement production will generally
rise with overall industrial prowth resulting from its important role in
construction and development activities including the building of a nation's
infrastructure, roads, bridges and buildings. Additionally. cement is a
relatively easy product to produce and as such most developing countries
already have in place some cement-producing capacity.

A study completed in the mid-1970s (Gordian, 1976) detailed that
energy consumption in the cement industry is a function of process used,
raw materials, age and capacity of the kilns, operator experience and
steadiness of operation. Of these, the most important factor is the pro-
cess of production. Representative fossil fuel requirements per metric
ton cement show that the so-called wet process (1.3 million kcal) is almost
40 percent more energy-intensive than the dryv process operating in conjunc-
tion with suspension preheating kilns (.8 million kcal). The study also
reported that the larger the kiln the greater the energy efficiency.

The production of "pure" portland cement is dominant in most countries
and is produced through a four-step process. First, the raw material
compounds containing lime, silica and alumina must be obtained. Signifi-
cant energy savings might be obtained through increased production of
blended slag cement--portland mixed with a natural filler or industrial
by-products such as fly ash from pulverized coal-fired power plants and
finely ground blast furnace slag. For example, blast furnace slag from the
Egyptian Melwan stcel plant is quenched, granulated and then sent to a
nearby cement works (Egypt, 1979, vol. 3, p. 3-23). Exact energy savings
are unknown but estimates in France indicate a potential 20 percent over-
all savings (Cordian, 1976, p- 5 on a ton-for-ton cement equivalence.

Second, the raw materials must be crushed to fine particle size and,
if containing high water content, made into a slurry (wet process) or

dried immediately by hot gases from the kiln (dry process). Third, the
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raw material is burned in a rotary kiln. If the wet process is used,
relatively more energy is needed to evaporate the water which was added in
the blending process. The modern kilns will often use a preheater system
by which the hot waste gases from the kiln and from the rough-textured
lumps or pellets (clinker) which leave the kiln are reused to preheat
incoming raw materials and combustion air. About 80 percent of the energy
used in the cement manufacturing plant 'is in the kiln. Finally, the
clinker is mixed with gypsum (controls setting time when mixed with water)
and ground into a fine powder.

Table 4-5 presents specific energy consumption ratios for several
countries. In all cases the dry process is notably less energy-intensive
than the wet process. For this reason developing countries which have a
relatively new cement industry (e.g., Peru) or are planning capacity addi-
tions (e.g., Egypt) generally opt for the dry process. An exception, for
example, is in Haiti where in 1975 a 300,000 metric ton capacity wet-
process kiln was installed apparently due to the desire to avoid the higher
capital costs of a dry-process investment (Cecelski, 1980, p. 58) .

Among the industrialized countries, Germany and Italy have the lowest
energy intensities (.82-.89 million kcal per metric ton output) largely
because dry and semidry processes dominate the countries' industries,

92 and 86 percent respectively. By contrast about 70 percent of 1974 pro-
duction in the United Kingdom (1.3 million kcal) and 60 percent in the
United States (1.5 million kcal) was by the older, less energy-efficient
wet process (Gordian, 1976, p. 8). Almost all of the German capacity

is post-1955 vintage, whereas 11 percent of the U.S. capacity existed
prior to 1935.

In the United States energy savings in both the wet and dry processes
have taken place since 1973 primarily due to replacement of old plants and
equipment. The addition of energy-saving devices such as preheaters and
better insulation contributed to the savings (Myers, 1978, p. 101). Some
improvement also resulted by changing to dry from wet processes. Air
pollution controls, however, counteracted much of the total conservation
efforts.

There is some evidence that choice of fuel influences energy efficien-

cy although there are no clear trends. India's kilns, for example, which



Table 4-5. Specific Energy Consumption per Metric Ton of Ceuent

Dry process Wet process Overall

Kiln fuel® Plecericity® Kiln fuel®  Blectricity’ Kiln fuel® Elecericipy®

Germany, F.R.C (1974) 74-90 WA 120-140 N.A. 82.3 118
ItalyS (1974) 99.0 127 148.5 112 89.0 123
Japan® (m1d-1970s) 119.6 .
Necherlands® (1974) 90.0 H.A. 148.6 oA 129.3 N.A.
United Kingdo® (1974) 88.6 127 159.6 99 129.6 106
Sweden? (nid-1970s) 139.7 *
United StateaS (1974) 135.8 163 169.9 144 149.0 152
United States® (1970) 196.8 . 219.4 . 210.4 .
(1973) 187.1 . 222.1 . 207.6 .
(1976) 185.3 * 217.1 . 202.9 *
Turkey? (m1d-1970s) 98.0 « 139.0 . N.A. N.A.
peruf (1976) 90-112 115-137 111.1 137
Kenya8 (1975) 151.2 90
(1917 133.6 90
Egypt" (1975) 162.0 105 162.0 105
Indtal (1970 188.1 117
(1977) 169.7 122
Bangladesh! (1973) 169.2 154 169.2 154
Dominican Republic® (1978) 99.4 N.A. 186.1 N.A. N.A. N.A.
Hated® (1978) 199.0 N.A. 199.0 N.A.
Best modern technologyl 85.0 11n-120
Theoretical minimm™ 9.6 *

Note: N.A. = Not avallable.

# = Electricity included in kiln fuel,

nlO[‘ kcal/metric ton.

bKHh/mtric ton.

SGordian Adgsoclates, Inc., Industrial International Data Base: The Cement Industry, prepared for the Committee
on the Challenges of Modern Soclety, NATO (New York, ERDA, Technical Information Center, 1976) p. 38, Dry Process
includes suspension preheating. Both w:clnnd dry proceases’' kiln fuel use is actually for tons clinker inatecad of for
tons cement, Overall kiln fuel use in 10% kcal/setric ton clinker is: U.S., 156.9; Germany, 97.7; ltaly, 105.8; and
U.K., 137.9.

l’[ntm’nﬂtlonal Encergy Agency, Encrgy (onservation in the International Energy Agency 1976 Review (Paris, OECD,
1976) p. 18, EBlectricity tncluded in kiln fuel-~100 kwh = 8.6 kcal.

€John G. Myers and Leonard Nakamura, Saving Energy in Manufacturing: The Post-Embargo Record (Cambridge, MA,
Ballinger, 1978) p., 99. Electricity included in kiln fuel,

fl’el‘u and U.S, Department of Energy, Joint Peru/United States Report on Peru/United States Cooperative Energy
Assessment, vol. )} (Washingcon, D,C., U,S, DOE, August 1979) p. 40,

Blee Schipper, "Energy Demand and Conservation in Kenya." Paper presented at the Electric Power Reaearch Institute
Workshop on Energy and the Developing Nations, Hoover Inatitution, Stanford Univeraity, March 1980, Data are for a
single plant,

hEgypt and U.S. Department of Energy, Joint Egypt/United States Keport on Egypt/United States Cooperative Energy
Assess-ent, vol. 3 (Washington, D.C., GPO, April 1979) p. 49.

Lashok V. Desai, "Inter-Puel Substitution in the [ndian Economy" (Draft, Washingeon, D,C., Resources for the Future,
1980) p. 14,

JMetn Syatems, Inc., and Montreal Engineering Co. Ltd., Bangladesh Energy Study, Appendix I, vol, 1, adminiatered
by Asian Development Bank under United Nations Development Program (November 1976) p. 2-325. Data are for a slngle
plaat.

kEliznbe(h Cecelskl, "Prospect fur Encrgy Conservation in a Low Income Developing Country: The Case of Haitdl,"
Paper prepared for Oank Ridge Associated University and U.S. Agency for International Development (April 1980) p. 59.

1Phlllp F. Palmedo and Pamela Baldwin, The Contribution of Renewable Hesources and Energy Conservation as
Alternatives to Imported Oi{l in Developing Countries (Port Jefferson, NY, Energy/Development International, February
1980) p. 62,

PElectric Power Research Institute, Efficient Electriclty Use, 2nd edition, Craig Smith, ed. (New York, EPRI,
Pergomwon Press) p. 37, Electricity included in kiln fuel.
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use primarily coal for their kiln fuel have higher energy intensities than
most oil- or gas-burning kilns. At the same time, however, India experi-
enced a 9 percent energy-intensity improvement over the 1970-77 period
despite coal use rising from 90 to 94 percent of total energy inputs. It
may be that rising capacity utilization explains part of the improved

fuel efficiency (Desai, 1980, p. 14).

Similarly, the record is not clear as to the efficiency of natural gas
usage which varies greatl- in two countries utilizing 100 percent gas as
their kiln fuel. 1In the Netherlands it requires only 1.3 million kcal/
metric ton cement while in Bangladesh the specific consumption is among
the highest at about 1.7 million kcal/metric ton. Future facilities in
Bangladesh, however, will incorporate the latest energy-saving technology
-~-dry process, raw material drying with waste heat prior to grinding,
improved insulation, oxygen enrichment and increased kiln rotation speeds.
These measures should help lowe its industry-wide cement specific energy
consumption ratio.

Egypt is anotier country whose operating management has shown an
awareness of standard energy conservation measures, but given financial
constraints, has not been able to cenvert old kilns to new processes. Its
cement industry consists of four companies using entirely wet-process
kilns, some dating back to the 1930s. This partially explaineg Egypt's
cement industry's high overall consumption intensity. Neverthelesss,
its specific consumption is still comparable to the wet processes used in
the industrial countries. Peru's five government-owned companies, which
all use the dry process, are also operating close to international
standards.

As we have seen, kiln fuel consumption per metric ton output varies
widely throughout the world cement industry. Electricity consumption,
however, falls within a relatively narrow range, between 90 and 150 kWh

per metric ton (about .1 million kcal/metric ton),
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As detailed, energy conservation potential in the cement industry
largely depends on the choice of kiln fuel and type of process—-~preferably
the dry process in conjunction with waste heat recovery, suspension
preheating, and particle size control. When possible the production of
blended slag cement should be encouraged over portland cement, Compari-
sons between countries, for example, the Netherlands and Bangladesh, indi-
cate that housekeeping measures might contribute significantly to energy
savings in at least some developing countries. Studies in Kenya (Schipper,
et. al 1980, p. 3) aud Haiti (Cecelski, 1980, p. 58) indicate that substan-
tial energy could be saved by simply plugging obvious leaks. An estimated
5 percent of total energy used in one of the Haitian kilns could be saved
by repairing a seal leak, but this, it was noted, would require shutting

down the kiln and therefore had been postponed.

Pulp and Paper

Energy data for the paper industry are not easily obtained despite
it being among the fastest growing industries in the LDCs during the 1960~
74 period, averaging about 8 percent in each developing region of Asia,
Africa and Latin America (UNIDO, 1980, p. 68). Some of the data inade-
quacies derive from the structure of the industry in which there are pulp
niils, paper mills and integrated pulp/paper mills, each with varying
energy requirements. Other data constraints result from the large inter-
nal generation of energy and the use of cogeneration processes.

The forest products sector is divided into two subsectors. The first
is the pulp and paper sector which manufactures pulp, paper and paperboard.
The second is the mechanical wood processing sector which includes the
manufacturing of sawnwood and wonod-based panels such as plywood, particle
board and fiberboard. Data for Europe and the United States indicate that
both absolute energy consumption and specific energy consumption for the
pulp and paper sector are much greater than for the mechanical wood-
processing sector (ECE, 1980, pp. 35-37). For most of these countries

specific energy consumption in the mechanical wood-processing industry has
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risen since the mid-1960s primarily as a result of the increased share
of wood-based panels at the expense of less energy-intensive sawnwood.

Much more energy is required per unit output in the pulp and paper
industry; energy which is needed to break down the wood raw materials into
fibers suitable for paper and paperboard manufacturing. Energy fuels are
used to dry the products and to generate process steam through boilers,
whereas electricity is mainly consumed in electric motors to drive re-
finers, fans, pumps, etc. Consequently, direct substitution between fuels
and electricity is usually not feasible. Energyv fuels are also used for
lime reburning in chemical pulp mills.

The industry derives a substantial amount of its energy use from self-
generated fuels, particularly from spent liquors1U which, in turn, have
been closely linked to the growth of chemical Kraft pulping over conven-
tional mechanical (i.e., grinding) pulpiang. The spent liquor from the
chemical pulping process is pumped into the recovery boiler where the
dissolved wood substances it contains are burnt together with the chemi-
cals. The steam generated in the recovery boiler is used for electricity
generation and as heat for cooking, bleaching and drying purposes. Chemi-

cal pulp mills reach a high degree of self-sufficiency with regard to fuel

9Data for Sweden in 1972 shows that the average specific energy con-
sumption ratios vary widely for different wood products (United Nations,
1980, p. 35):

Thermal energy Electricity
1{
(10‘ kcal/m3 product) (kWh/m3 product)
Sawmills 8.7 39
Veneer and plywood mills 64.8 318
Particle board mills 34.5 356
Fiberboard mills 156.6 476

OLignin and hemi-cellulose separated from the cellulose during chemi-
cal pulping. 1In 1976 the American Paper Institute published U.S. data
indicating that 41 percent of the 2332.5 trillion Btus consumed in the
paper industry wera from self-generated and waste fuels of which about 80
percent were from spent liquors. (cited in Myers, 1978, p. 58).
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consumption and also to the share of electric power generated from inter-
nal sources. However, the pulping liquors are also less efficient sources
of energy than conventional fuels and, with their increased use, have re-
sulted in higher specific energy consumption ratios. For example, even in
the most modern plants there is a 40 percent loss of the Btu content in
converting wastes to steam.

Contrary to sulphate pulp mills, pulp yield in mechanical pulp plants
is almost 100 percent so that internal sources for heat and power genera-
tion are limited. Mechanical pulp mills' electricity consumption, which
is two or three times as high as in chemical pulping, is largely for chip
refining with most of the energy input transformed into uneconomic low
pressure steam.

Similarly, a nonintegrated paper mill has no internal sources for
energy so that the possibilities of cutting down on specific energy input
are less promising than in chemical pulp mills unless a new energy-mini-
mizing technology emerges. Evidence points to the efficiency of an inte-
grated pulp-paper mill where a substantial share of its heat demand can be
obtained from the available surplus of steam generated in the recovery
and tark boilers (ECE, 1980, p. 31). Examples of various Swedish mills
with their specific energy consumption and percentage contribution of
internally generated heat and power are presented in table 4-6. While a
nonintegrated mechanical pulp mill and nonintegrated paper mill uses less
energy than a nonintegrated chemical pulp mill, an integrated pulp-paper
mill uses less energy than is collectively required in nonintegrated pulp
and paper mills. An integrated pulp-paper mill also enables the manu-
facturer to employ in:a2rnal energy sources for up to 60 percent of total
energy requirements.

Data available for most of the developed countries published in a
1980 report by the U.N. Economic Commission for Europe are only as recent
as 1972 (ECE, 1980, p. 36). Specific energy consumption for the pulp and
paper industry available from the International Energy Agency is also for
1972 and apparently includes only purchased fuels. However, the data pre-
sented in table 4-7 do indicate several points. United States data show
that the use of internally generated waste fuels can provide a significant
proportion of total energy requirements. Tn fact, the thecoretical mini-

mum indicates that total energy needs may be internally met. Indicative
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Table 4-6. Specific Energy Consumption and Percentage Contribution™ of
Internally Generated Energy in Swedish Mills, 1973
(104 kcal/metric ton pulp, 90 percent dry)

Steam Electricity
Nonintegrated chemical pulp mill 313-419 55-83
(50-80) (40-60)
Nonintegrated mechanical pulp mill 72 . 146
(0-10) (0)
Nonintegrated paper mill 207-289 60-112
(0) (0)
Integrated pulp-paper mill 265-434 86-181
(30-75) (20-30)

Source: Derived from United Nations, The European Commission for
Europe and Energy Conservation, Recent Experience and Prospects, E/ECE/
985 (New York, UN, 1980), p. 31.

a.,. . .
Figures in parentheses are percentages of internally generated

energy in each process,

of this potential is one new mill 1in the United States which reportedly
meets 80 percent of its energy needs from pulping liquors, bark and wood
wastes (Office of Industrial Programs, 1979, p. 13).

Bangladeshi data for its two largest paper mills indicate that its
specific energy consumption may be larger than are many other countries'.
Part of this is directly related to capacity underutilization. In 1969
capacity was being used at near 80 percent and about 12.4 million kcal/
metric ton was required. Following the 1970-72 war years capacity utili-
zation was only 60 percent resulting in a 30 percent energy cfficiency
decline. The newsprint plant uses a mechanical pulping process which
requires a relatively large amount of electricity. Most of its elec—
tricity is self-generated. Writing paper production is through a sulphate
process utilizing relatively more steam. It is unknown how much of the
energy use is due to inefficient waste recycling (Bangladesh, 1976, vol.

1, pp. 2-303 - 2-306).
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Table 4-7. Specific Energy Consumption Per Metric Ton of Pulp, Paper
and Board

(104 kcal/metric ton)

United States® (1976)

purchased fuels 570
total fuels 970
Canada,‘b total fuels (1975) 755
Sweden® (1973) 756
Kenya® (1977) 1285

Bangladeshd (1965)
newsprint 1355

writing paper 1464

Bangladeshd (1959)
newsprint 1204

writing paper 1264

Bangladeshd (1973)

newsprint ' 1566

writing paper 1722
Best modern t:echnologye 659
Theoretical minimum® 0-~-2

aJohn G. Myers and Leonard Nakamura, Saving Energy in Manufacturing:
The Post-Embargo Record (Cambridge, MA, Ballinger, 1978) pp. 58-59.

bEconomic Commission for Europe, The Economic Commission for Europe
and Energy Conservation: Recent Experience and Prospects E/ECE/985
(New York, United Nations, 1980) p. 36.

“Lee Schipper and Oyuko Mbeche, "Energy Demand and Conservation
in Kenya." Paper presented at Conference on Energy and Environment in
East Africa, Nairobi, Kenya, May 5-11, 1979, table 2. Estimates apparently
include all fuel sources including cogeneration facilities.

dMeta Systems Inc. and Montreal Engineering Co., Ltd., Bangladesh
Energy Study Appendix I, vol. I administered by Asian Development Bank
under United Nations Development Program (November 1976) p. 2-305,
Apparently includes internal fuel sources.

eElectric Power Research Institute, Efficient Electricity Use,
2nd edition, Craig Smith, ed. (New York, FPRI, Pergamon Press, 1978)
p. 37. '
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Although the data do not provide a description of product mix, Kenya's
specific consumption doe; not compare favorably to Sweden's. However, like
Sweden, Kenya utilizes a cogeneration process, i.e., combined steam and
electricity generation from the same fuel source. In fact, Pan African
Paper Mills is the only nonagricultural Kenyan firm to do so (Schipper,
1979, p. 11). This reflects a recognition that the forest sector provides
more opportunity than do most other sectors to be completely self-suffi-
cient for all of its heat and power requirements. Part of Sweden's favor-
able specific energy consumption might be explained by its large use of
integrated chemical pulp and paper mills--a development which could offer

significant energy savings elsewhere.

Chemicals and Petrochemicals--Fertilizers

The chemical industry is one of the most energy-intensive industries
and, in the United States, is also the second major end user of energy
following primary metals. While the reasons are complex and manifold, a
major explanation lies with the dual role of energy in the chemical indus-
try as both a feedstock and a fuel. On a worldwide scale the chemicals
industry consumes three-fifths of its energy for energy purposes and two-
fifths as raw material (ECE, 1980, p. 45). The importance of the chemicals
industry to total energy demand is of special significance because chemi-
cal energy consumption since the 1950s has been characterized by the pre-
dominance of o0il and a rapid increase in natural gas use.

Chemicals and petrochemicals are of extreme importance in many
developing countries' overall industrial energy demand. For example, in
Bangladesh, chemicals (i.e., fertilizers) are the largest consumers of
energy (Bangladesh, 1976, vol. 1, p. 2-125), are third in importance in
Egypt following metals and building m~terials (Egypt, 1979, vol. 1, p. C~-
36), and in India utilize more scarce fuel oil than does any other in-
dustry (Desai, 1980, p. 12). Between 1960-74, industrial chemicals' cut-
put in developing countries has grown at the phenomenal rate of 12.3 per-
cent (UNIDO, 1980, p. 68). Many LDC development plans project that the
chemicals industries will continue their rapid growth over the next few

years.
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Due to the nature of the technology, four stages of production result
in the high fuel energy-intensities of chemicals: separation technology,
chemical conversion, utilization of low temperature heat, and reduction of
inert materials (Burch, 1979). The specific processes and their requisite
energy impacts vary from chemical to chemical and indeed over time. Yet,
each new chemical and process tends to undergo a long history of industrial
development, beginning from an early stage of relatively inefficient pro-
duction methods, usually batch processing, and eventually reaching highly
efficient large-scale continuous production if it finds or makes a large
enough market. This dvnamism has enabled the industry to save energy at a
rapid pace (Myvers, 1980, p. 62). These dual aspects--high energy variabil-
ity among chemicals and declining specific energy consumption over time--
are well documented in table 4-8 which gives the energy/output ratios of
fifteen representative organic chemicals in the United States. All bur
one of the chemicals experienced a decline in specific energy consumption
during the 1967-76 period. Their energy-intensiveness varies from a high
of almost 23,000 Btu/pound to one chemical, formaldehyde, actually being a
net energy producer.

Studies by the United Nations indicate that greatest conservation
savings have occurred and will continue to occur as a result of house-
keeping measures--5 to 10 percent--and technological improvements inside
the production plant, which from 1970-76 resulted in one-half of all
energy savings--2 to 24 percent--depending on product and country (ECE,
1980, pp. 47-49). Other potential savings exist in waste heat recovery,
utilization of gas-to-gas and shell-and-tube exchanges to recover heat in
the flue gases, preheating combustion air, better insulation and improve-
ments in furnace efficiencies.

Chemical energyv requirements in many developing countries are pri-
marily for fertilizer manufacturing. TFor example, fertilizer production
requires about 30 percent of total energy inputs in the Mexican petro-
chemical industrv (Bazan, 1979, p. 52) and 73 percent of the Peruvian
chemical energy demand (Peru, 1979, vol.3, p. 1). This is not entirely
unexpected given the agricultural base of developing country cconomies in
general and their productivity improvements resulting from the 1960s-70s

chemical-based 'green revolution" in parcticular. In fact, fertilizers
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Table 4-8. Energy-Output Ratios by Chemical for Selected Years in the
United States
(1,000 Btu per pound)

1967 1971 1974 1975 197¢
Acetic acid 12.8 11.3 10.2 9.9 9.5
Acetone 3.4 3.0 2.6 2.5 2.4
Acrylonitrile 4.3 3.0 2.0 1.7 1.4
Adipic acid 14.5 13.4 12.6 12.3 12.1
Carbon disulfide 3.0 2.7 2.5 2.4 2.3
Ethyl alcohol 5.4 5.3 5.2 5.1 5.1
Ethyl chloride 2.2 2.1 2.1 2.1 2.1
Ethylene glycol 7.0 5.4 4.1 3.7 3.3
Formaldehyde 2.0 1.1 0.4 0.15 =-0.1
Hexamethylene diamine 34.0 29.0 25.2 23.9 22.7
Isopropyl alcohol 6.0 5.5 5.2 5.1 4.9
Methyl alcohol 7.0 6.8 6.7 6.7 6.7
Perchloroethylene 2.8 2.7 2.6 2.6 2.6
Trichloroethylene 2.0 3.5 4.7 5.1 5.5
Urea 4.0 3.4 2.9 2.8 2.6

Source: John G. Myers and L. Nakamura, Saving Energy in Manufactur-
ing: The Post-Embargo Record (Cambridge, MA, Ballinger, 1978), p. 139.

have been among the top six growth industries in the developing
countries since the mid-1960s (UNIDO, 1979, p. 110).

There are two major types of fertilizers--phosphatic nutrients and
nitrogeneous nutrients. Nitrogen (N) is the more important and by far the
most energy-intensive element in fertilizers. Normally it is applied as a
"straight" N fe:tilizer, usually as ammonia nitrate (34.5% N), but also as
ammonium sulphate (21% N), urea (46.6% N) or liquid ammonia (82.4% N)
(Leach, 1976, p. 73).

The data in table 4-9 indicate a wide variation in specifj~ energy
consumption for fertilizere both by type of nitrogen product and by type

of synthesizing process. Generally, using natural gas as a feedstock is



Table 4-9. Specific Energy Consumption Per Metric Ton of Fertilizer
(104 kcal/metric ton)

4
10" kcal Product and fuel process
United States® (1973) 1132 ammonia
United Kingdomb
(early 1970s) 50 phosphate
619 ammonium nitrate, natural gas
922 urea, natural gas
1223 liquid ~mmonia, natural gas
Czechoslovakia® 860-1123 ammoni&, natural gas
(1970-76) 1911 ammonia, coal
China, P.R. (1974);1 2300-3100  liquid ammonia, coal/coke
(1979) 1100-4670 liquid ammonia, coal/coke
Egvptf (1975) 119 phosphate
645 ammonium nitrate, natural pas
1625 ammoninm nitrate, electrolysis
Peru® (1976) 717 ammonium nitrate electrolysis
1040 urea, natural gas
Ammonia product:ionh by: Process energy Fuel stock Total
High-methane natural gas 812
Naphtha-steam reforming 382 597 979
Fuel-oil-partial oxidation 215 764 979
Water electrolysis 1218 - 1218

8Ear1 Hayes, "Energy Implications of Materials Processing," Sclence,
vol. 191, no. 4228, February 20, 1976, p. 664,

bGerald Leach, Energy and Food Production (London, IPC Business Press,
1976} pp. 72 and 74. Includes energy for packaging, transport and capital
overhead. These energy costs are well below ) percent of the totals.

“Economic Commission for Europe, The Economic Commission for Europe
and Energy Conservation: Recent Experience and Prospects E/ECE/985 (New
York, United Nations, 1980) p. 47,

dVaclav Smil, "China's Energetics: A Systems Analysis," in Chinese
Economy Post~Mao (Washington, D.C., Joint Economic Committee, GPO, 1978)
p. 357.

eForeign Broadcasting Information Service, Central Intelligence Agency,
“PRC National Affairs Publication" 213 (November 1, 1979) p. LL13.

ngypt and U.S. Department of Energy, Joint Egypt/United States Report
on Egypt/United States Cooperative Energy Assessment vol. 3 (Washington, D.C.,
GPO, April 1979) p. 77.

Bperu and U.S. Department of Fnergy, Joint Peru/United States Report
on Peru/United States Cooperative knergy Assessment vol, 3 (Vashington,
D.C., U.S. DOE, August 1979) p. 08.

hEgypt and U.S. Department of Energy, Joint Egypt/United States Report
on Egypt/United States Cooperative Energy Assessment vol. 3 (Washington,
D.C., GPO, April 1979) pp. 79 and 81,
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the most energy-efficient means of producing ammonia. The United Kingdom's
ratios for each product, based upon the utilization of natural gas, are
lower than those of most other countries. In Peru, efficiency of produc-
tion for both ammonium nitrate (NHANOB) from electrolysis and urea using
natural gas as a feedstock is less than for similar production processes in
the United Kingdom. Egypt's NH4N03 production efficiency is comparable to
the United Kingdom's when gas is the feedstock and is believed to be per-
forming above normal world standards. However, production is over twice as
energy-intensive in its Kima electrolytic fertilizer plant. This process
uses hydroelectric power in electrolytic cells to produce one of the two
feedstocks, hydrogen, for ammonia production. The other feedstock, nitro-
gen, is produced from an air separation plant.

Although the range varies widely, China's specific conéumption for
ammonia production is quite high due mainly to the small capacity of its
plant and to the utilization of coal, coke and coke oven gas for its nitro-
gen synthesis (Smil, 1978, p. 357). Indications of the energy inefficien-
cies of coal as a feedstock for nitrogen is also seen in Czechoslovakia's
energy use data. In the 1970~76 period, utilizing coal resulted in over
twice the energy per ton ammonia output than did production from natural
gas. The efficiency of natural gas in fertilizer production is in fact
well appreciated in most countries. Gas that previously was either flared
or used in other manufacturing sectors is now often used for ammonia pro-
duction. Colombia, for example, is currently engaged in a program to re-
place liquid fuels by gas in its fertilizer industry (Prada, 1979, p. 30).

Bangladesh's two fertilizer plants also utilize natural gas for gener-
ation of steam and electricity and for its urea feedstock making the fer-
tilizer industry the second largest user of energy in Bangladesh
(Bangladesh, 1976, vol. 1, p. 2-313). 1Its efficiency of use, however, has
generally been poor due to the smallness of its plants and their bad state
of repair.

Until recently, Mexico's fertilizer industry had been based on steam
reforming of naphtha. Newly discovered abundant reserves of gas should
change this. Given little natural gas in India, most of its 1960s~-built
urea plants also relied on naphthas as their feedstock. However, due to

supply constraints of both petroleum fuels and gas, two coal-based urea
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plants are also being built which will be more energy-intensive and, due to
technology which requires the gasification of coal, more capital-costly
than gas- or oil-based plants. Future plants are expected to be based on
gas obtained from Bombay High (Desai, 1979, pp. 30-33).

The bulk of energy savings in the chemical industry has resulted first
from housekeeping measures and second from the '"natural" stages of tech-
nological progress of production--small energy-inefficient production fol-
lowed by large-scale continuous energy-efficient production. In developing
countries fertilizer production has been by far the major chemical pro-
duced. The choice of feedstock is most important when considering specific
energy consumption: natural gas is the preferred fuel source. 1If gas is
not available, developing countries would best utilize naphthas or fuel
oils over coal. Water electrolysis appears to be the least energy-
efficient.

Where industries are well established and fundamental changes un-
likely, for example in Egypt, normal housekeeping measures may result in
significant energy savings (Egypt, 1979, vol. 3, pp. 72-83). Also, where
agriculturally feasible, phosphatic fertilizers, which arc only one-tenth
to one-fifth as energy-intensive as nitrogencous fertilizers, should be

promoted.

Basic Metals—--Aluminum

Despite the important role accorded the metals industries in many
developing countries, little data appear to be available on energy require-
ments starting from the point cof minerals extraction up to the fabricating
stage. Yet, table 4-2 detailed the extreme energy intensiveness of the
extractive industries. While the refined/fabricated metal products require
much less energy on a dollar per dollar basis, there are exceptions. Alum-
inum production, for example, is quite energy-intensive. Compare, for
example, Egypt's specific energy consumption of 21.2 million kcal/metric
ton of aluminum (Egypt, 1979, vol. 3, p. 41), to Peru's 8.8 million kcal/
average metric ton of lead, zinc and copper--4.1 million kcal/metric ton
for conversion of ore to refined copper alone (Peru, 1979, vol. 3, pp. 13-

14). For those developing countries with substantial minerals extraction/
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metals production industries, the implication of such large specific energy
consumption is quite significant.

Table 4-10 provides the specific consumption requirements per metric
ton of aluminum in several countries. The production of aluminum requires
energy for bauxite mining, for refining bauxite to alumina and for smelting
alumina to aluminum. The major requirement in aluminum production is elec-
tricity for aluminum smelting. This has resulted in several developing
countries, rich in hydropower or petroleum, but poor in bauxite resources,
building aluminum production facilities and importing the bauxite. Egypt's
hydropowered Aswan Dam plant is one such example. Beginning production in
1976, this plant's specific energy consumption appears to be on the high
side. It has been suggested that a reduction in its anode current density
would result in 6.5 percent energy savings (Egypt, 1979, vol. 3, pp. 40-
41), Pot dinsulation might provide an additional 1 percent savings.

It would appear that little can be done to lower the energy used in
reducing alumina to aluminum ingot or billet in an existing smelting facil-
ity. Savings can be achieved by using more scrap and by the introduction
of continuous casting, but once a potline is installed, it cannot be al-
tered without extensive rebuilding, which is seldom economical. Signifi-
cant savings (3 percent) were obtained in the United States during the
1974~77 period mainly as a result of shutting down the least efficient
facilities and of a substantial rise in the recycling of aluminum scrap.
Producing a ton of aluminum from scrap requires only 5 percent of the en-
ergy needed to produce a ton of aluminum from bauxite (ECE, 1976, p. 68).

As has been the case in so many of the industries reviewed, the major
energy savings in the aluminum industry should result from expanding or
building new facilities; in this case aluminum smelting facilities. Effi-

ciency improvements of around 40 percent have been proven possible by

lFor example, in Jamaica the bauxite industry consumed about 50 per-
cent of total petroleum products in 1973, Following the oil price rise,
the industry's energy demand declined by 40 percent over the 1974-76 period
as did indeed alumina production. This helped prompt a series of energy
end-use surveys, including of the bauxite sector (Byer, 1979).
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electrochemical processes, such as the new Alcoa process, or new chemical

techniques such as the Tosh process (ECE, 1976, p. 68).

Table 4-10. Specific Energy Consumption per Metric Ton of Aluminum

(104 kcal/metric ton)

United States® 947 °

Japana 1385

Germany® 1481-1503
a

Norway 1591
a

Sweden 1648

United Kingdoma 2107

New Zealand® 2165

Egyptb 2120

Spaina 2800

#International Energy Agency, Energy Conservation in the International
Energy Agency 1976 Review (Paris, OECD, 1976) p. 18. For the United
States, excludes bauxite mining. For Norway and the United Kingdom, data
are for electricity only. Data are for mid-1970s.

bEgypt and U.S. Department of Energy, Joint Egypt/United States Report
on Egypt/United States Cooperative Energy Assessment vol. 3 (Washington,
D.C., GPO, April 1979) p. 41. All bauxite ores are imported. Datum is for
1978.

Textiles

Unlike the industries already reviewed, the textile industry is not a
major energy consumer in the United States--less than 3 percent of total
industrial energy consumption. Nor does its energy requirements per dollar
value of output rank anywhere near the most energy-intensive industries
(table 4-2). Yet in many developing countries textiles consistently rank
among the top industries in percentage contribution to total manufacturing

output (UNIDO, 1979, pp. 87-99). In addition, we have already seen (table
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2-6) that the electricity intensity of the textile industry has been in-
creasing since the 1960s. Data presented in appendix B (table B-1) indi-
cate that textiles are major electricity consumers in an absolute sense as
well. What then might be the energy conservation potential of this largely
overlooked industry?

In the United States it would appear to be quite substantial. The
textile industry's 1980 net energy reduction target of 22 percent was sec-
ond only to the goal established by fabricated metal products. By the end
of 1978 the textile industry was only 1 percentage point shy of its target.
The main energy efficiency improvements were attributed to such activities
as minimizing drying requirements, increasing plant and machinery insula-
tion, combining or eliminating processing steps, reclaiming waste heat,
improving boiler efficiency, and reducing processing temperatures. Textlle
manufacturers are expected to continue focusing their attention on more
energy-efficient housekeeping and maintenance measures (Office of Indus-
trial Programs, 1979, pp. 10-11).

According to estimates made in one recent study on the U.S. textile
industry (Georgia, 1979), conservation potential in the wet processing
segment of the industry (dyeing, bleaching, finishing, drying, etc.) re-
mains at 31 percent of its total energy consumption on top of the improve-
ments already obtained. Specifically, the greatest energy saving potential
exists in improvements in the atmospheric dye becks (kettles) common to the
industry and in drying operations.12 Since wet processing operations con-
sume 60 percent of the industry's total energy requirements, this equates

to 19 percent of total textice energy demand. Wet processing operations

12The atmospheric dyeing operation is fairly simple. Fabric to be
dyed is placed in a large vessel containing water, to which the dye and any
supplemental chemicals are added. CGenerally, the dyes require temperatures
near the boiling point of water for fixation. Water is normally heated by
direct injection (sparging) of steam into the vessel. Lower specific con-
sumption in drying may be obtained by reducing the liquor ratio, eliminat-
ing exhaust, and recovering heat in waste water. By reusing atmospheric
beck water 70 percent of water heating energy could be saved. Continuous
dyeing in place of the atmospheric beck "batch" type is also more energy-
efficient, Drying conservation is obtained through process control and
equipment modification including controls to reduce exhaust and recover
heat.
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utilize predominantly thermal energy which is either transformed and uti-
lized indirectly as steam (e.g., in heating dye liquors) or utilized di-
rectly by fuel combustion (e.g., in drying operations).

Conservatjon opportunities in dry processing (spinning, knitting,
weaving, etc.) are nct nearly as large since climate control systems and
textile fabrication equipment require extensive znd costly engineering
modifications to significantly reduce energy consumption. Most of the
energy required in dry processing is in the form of electricity which also
limits energy conservation potential (Georgia, 1979, p. 2). This
electricity-intensiveness in dry processing helps explain the increasing
textile electricity/output ratios occurring in many developing countries.
As the industry expands and plants begin to modernize there is both the
introduction of climate control features to increase worker comfort and of
electrically operated fabricating equipment. Neither trend should slow for
some time yet.

How many of these energy conservation measures cited for the 1J.S.
textile industry are applicable to the textile industries in developing
countries? Textile production in the LDCs is generally assumed to be much
more labor-intensive and less energy-intensive than that in the United
States. Yet the little data available for the United States and three
developing countries, shown in table 4-11, indicate that this may not be
the case. Specific consumptions in Egypt, India and Bangladesh are all
larger than in the United States.

The comparisons, however, must be used with caution. Specific con-
sumption varies widely, not only by process used, but by product made and
capacity utilized. For example, energy use is a function of loom time re-
quired, which is itself a function of quality type of textile. In addi-
tion, the textile industry in most countries is characterized by a multi-
plicity of establishments unlike the situation in, for example, the steel
industry. Consequently, production efficiencies have wide ranges among
plants in the same country producing the same type of textile.

Although its one large-scale textile industry is nationalized,
Bangladesh has over 140,000 small-scale cotton/wool establishments. In
addition there are some seventy-four jute textile mills. The most impor-

tant explanatory variables for its overall low energy efficiency are first,
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Table 4-11. Specific Energy Consumption per Metric Ton of Product in the
Textile Industry
(lO4 kcal/metric tomn)

United States® (1972) 1331

(1976) 1212

Egypt® (1975) 1563
India® (late 1960s) » 1663-1991

BangladeshC (1973 average) 3755

(1973 1low) 1462

q0ffice of Busines . Assistance Programs, Voluntary Business Energy
Conservation Program, Frogress Report No. 6 (April 1978) p. 55.

bEgypt and U.S. Department of Energy, Joint Egypt/United States Report
on Egypt/United States Cooperative Energy Assessment vol. 3 (Washington,
D.C., GPO. April 1979) pp. 111-12.

“Meta 5ystems Inc. and Montreal Engineering Co., Ltd., Bangladesh
Energy Stucdy Appendix I, vol. 1, administered by Asian Development Bank
under United Nations Development Program (November 1976) p. 2-297.

significant capacity underutilization caused by unreliable electricity
supplies (Bangladesh, 1976, vol. 1, p. 2-290) and second, the use of rela-
tively inefficient coal and firewood fuel sources by composite and special-
ized mills to produce process steam. This process steam is then used in
humidity control, the slashing process and finishing operations (Bangla-
desh, 1276, vol. 1, p. 2-292).

In Egypt the textile industry is one of the oldest and employs 50 per-
cent of the total industrial labor force. Although synthetic fibers have
recently been increasing in importance, most textile production has uti-
lized cotton raw materials and the datum in table 4-11 is for cotton tex-
tiles only. As is the case in the United States, most dry processing op-
erations utilize electric power (e.g., electric shultles and looms) where
energy efficiency can improve substantially only through machinery turn-
over. There remains, however, large scope for energy savings in the wet
processing--up to 25 percent-~largely through recovery of waste heat and

harnessing »f exhaust steam. Expelled steam is particularly high; in some
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cases temperatures of baths poured into sewers are around 100°C, the tem-
perature of air leaving driers about 135°C, and the temperature of steam
leaving agers around 100°C (Egypt, 1979, vol. 3, p. 113).

Another topic of importance is the role of synthetic fibers in the
textile industries o{ developing countries. We already noted the increas-
ing importance of synthetics (polyester and polyester-cotton blends) in
Egypt. 1In Asia, textile manufacturing beca.ue the cornerstone of most coun—
tries' attempts to industrialize in the 19605.l3 The importing or local
production of inexpensive petroleum-based synthetic fibers appeared to be a
modern, attractive alternative to the production of natural fibers. In-
stead of concentrating on becoming self-sufficient in traditional raw ma-
terial supplies, many Asian countries opted for synthetic fiber production.
After 1973, energy costs, both direct and indirect, rose almost 250 per-
cent. Yet, having made the commitment to synthetics, few Asian countries
have been prepared to reverse the trend. Countries like Thailand, which
are without domestic petroleum supplies and have largely inefficient pro-
duction facilities, were hardest hit. Other countries, Korea and Taiwan
for example, have rapidly expanded synthetic textile production aided pri-
marily by extremely modern industries. Since they do not have significant
domestic oil reserves, this development choice might later come into ques—
tion, At the minimum, many conservation measures available for traditional
textiles are also relevant to synthetic fiber textiles and should be imple-
mented wherever possible. Additionally, advancements in synthetic printing
processes and polymer property alterations can alsu offer significant

energy savings to these manufacturers.

Food Processing

Energy consumption in the food processing industry is even more diffi-
cult to document than energy consumption in the textile industry. Yet like
textiles, food products contribute significantly to the manufacturing out-
put of developing countries. In a sample of fourteen developing countries

located throughout the world, food products were either first or second in

l3"The Changing Face of Asian Textiles," in Far Eastern Economic Re-
view, vol. 107. no. 13 (March 28, 1980).
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importance as a percentage of total manufacturing output for eleven of

them (UNIDO, 1979, pp. 87-99). But like textiles, food products are not
major energy consumers nor extremely energy-intensive, at least as measured
by input-output tables. What then is the significance of energy conserva-
tion measures in the food products industry?

In the United States a voluntary target of 12 percent was established
for 1980 energy savings in the food industry over 1972 specific energy
consumption. Recently published data give every indication that the net
energy improvement target will easily be met (Office of Industrial Pro-
grams, 1979, p. 9). Should this be the case, industry efficiency will re-
sult in energy savings of 143 trillion Btu per year--the equivalent of
62,000 barrels of oil per day. Although there exist few means for gauging
the conservation potential in the developing countries, these figures for
the United States, coupled with the overall importance of the foods in-~
dustry in many LDCs, indicate it may be significant.

Potentially important conservation technique. available to the food
industry include waste heat recovery and improved heat transfer in drying
operations (EKDA, 1976, p. 3). Improvements in electrical energy usage and
increased boiler and steam efficiency also offer potential energy savings
as does the upgrading of insulation and linings in furnaces, boilers,
kilns, ovens, cookers, and other process equipment. Improvements in evap-
oration and liquid condensation processes, although varying from process to
process, offer large savings potential. In those industries which generate
a large amount of crop wastes (e.g., sugar processing) there is ample evi-
dence that the wastes might be best utilized as boiler fuels for steam
production.la In general, however, housekeeping measures can offer the
best conservation prospects in this highly diversified, disaggregated in-
dustry where energy costs have historically been a small fraction of total

production costs.

lZ'The dgtilization of crop wastes, however, will not always be to the
benefit of the food industry. In Peru, for example, bagasse has tradi-
tionally been used as a fuel except where it was used as a chargestock for
paper plants. With the increasing use of bagasse for papermaking, it is
anticipated that all bagasse will have been removed from fuel use by 1985,
necessitating replacement with petroleum-based fuels (Peru, 1979, vol. 3,
p. 76).
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Conclusions

This chapter reviewed the specific energy requirements, that is,
energy intensities, of several manufacturing subsectors among several in-
dustrialized and developing countries. At the outset it was determined
that the major energy consumers in the industrialized countries also ac—
counted for the majority of industrial energy demand in developing ones.
Specifically, these include iron and steel, cement, pulp and paper, chemi-
cals, and basic metals. Since food products and textiles are generally of
extreme importance in total LDC manufacturing output these also were re-
viewed.

Energy savings through housekeeping measures and minor investments
were shown to be possible in all industries, but new technologies are ex-
pected to be the major factors in determining long-run developing country
industirial energy demand. Of course energy efficiency is not the only
factor in technology choice, nor should be. TFor example, the scarcity of
scrap and coking coal has led to an increasing reliance on currently more
energy-intensive fuel-injected BF/BOF processes and directly reduced iron
utilization. 1In cement production the dry process in conjunction with
suspension preheating is much more energy-efficient than the old wet proc-
ess, but high capital ccosts have constrained plant conversions in several
developing countries,

Integrated pulp and paper mills are more energy-efficient than non-
integrated mills. Although having greater energy intensities than mechani-
cal pulping, chemical pulping will increase in importance because of its
ability to utilize internally generated energy. It is possil.le for such
plants to become totally energy self-sufficient.

) New technologies can be expected to provide almost all future energy
savings in aluminum production, but the paucity of energy data is particu-
larly noticeable in the extractive/metals industries. Energy savings in

the chemical industry have historically resulted from housekeeping measures
and the normal stages of technological progress of production~-small energy-
inefficiert production followed by large-scale continuous energy-efficient
production.

Given the heterogeneity of the industries, energy ~unservation in the
food and textiles industries results mostly from housekeeping measures and

small investments. The role of synthetic textiles warrants greater study.
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Energy-intensiveness in LDC manufacturing sectors, except where the
capital stock is relatively new, is usually greater than in similar indus-
tries of developed ccuntries. Factors which often were seen as reducing an
industry's energy efficiency include capacity underutilization and the lack
of scrap feedstocks. Better insulation and was:e heat/gas recovery, while
important in all countries, could prove especially beneficial in many LDC
industries., Interfuel substitution, often a result of sound economic deci-
sion making, may nevertheless conflict with strictly energy conservation
efforts. There remains a great need for further plant-by-plant study on

all of these aspects of industrial energy conservation.
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Chapter 5

SUMMARY AND CONCLUSIONS

This paper detailed the use and potential conservation of energy in
the industrial sector of developing countries' economies. It began by
presenting both the pre- and post-embargo records of industrial energy
demand in several industrialized and developing countries. Aggregate
growth trends and cross-country comparisons of energy inputs per dollar
value of output were given. Descriptions of the structure of industrial
output and industrial energy demand were presented for Brazil, India, Kenya
and Korea. Finally, industrial processes in the major energy-consuming
manufacturing subsectors were reviewed, indicating areas and measures of

potential energy conservation.

Aggregate Industrial Energy Demand

Prior to the 1973 oil price rise industrial energy demand was growing
quite rapidly in both industrialized and developing countries. 1In the
developing countries for which datu are available, the growth rate of
industrial energy demand was generally 10 percent or more. In most cases
industrial energy demand was growing faster than energy consumption in
other sectors of their economies. After 1973 industrial energy growth
rates fell significantly in the developed countries~-in fact in Germany and
the United States industrial energy demand fell absolutely as well--but not
nearly so much in the developing countries. In India and Portugal the rate
of industrial energy consumption actually accelerated after the price

increases.
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In the developed economies, industrial output, measured in physical
terms, generally stabilized after 1973 and was accompanied by a slowing in
industrial energy demand. In the developing countries, continued rapid
expansion of industrial production meant increasing industrial energy re-
quirements. Changes in energy consumed per unit of output varied among all
countries, but for most LDCs such unit energy use in 1976/1977 was above
1973 levels.

Energy consumption per million dollars of industrial output also var-
ies greatly among countries and over time. Part of the explanation for
such variances is the composition of industrial output--some industries
being more energy-intensive than others. Part of the explanation seems to
be the fuel mix~-some countries using relatively greater proportions of
thermally inefficient fuels than others.

In the 1967-73 period, industrial electricity demand in the developing
countries grew more rapidly than electricity demand in the industrialized
ones; and also more rapidly than the developing countries' total electric-
ity demand. Because of a large hydroelectric role, expansion of electric-
ity generating capacity, and declining real electricity prices--resulting
from high inflation rates and subsidized pricing policies--electricity
consumption continued to rapidly expand after 1973 in the developing
countries. Consequently, many manufacturing subsectors--food, textiles,
iron and steel, and chemicals--experienced rising ratios of electricity

consumption per unit of manufacturing output.

Structural Characteristics

The structure of industrial output and industrial energy inputs were
presented for Brazil, india, Kenya and Korea. The record appears quite
mixed as to the effect of these factors on total industrial cnergy demand.
Even at the most aggregate level, while there appears to be some correla-
tion between growth rates of industrial output and growth rates of indus-
trial energy demand, the relationship is not consistent among countries.
A. might have been expected, Korea, the fastest growing country reviewed,
had the most rapid rate of industrial energy demand, and India experienced
the slowest growth rates in both industrial ocutput and energy demand. By
contrast, however, Kenya had an industrial energy demand growth rate be-

tween 1967-76 twice its rate of industriai output,
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The fact that Korea was industrializing the most rapidly of the four
countries explains its high rate of industrial energy demand growth. The
fact that much of this growth occurred in energy-intensive heavy industries
reinforces this pattern of increasing energy demand. At the same time its
industrial energy consumption/output ratio is relatively low. This appar-
ent inconsistency would seem to be explained largely by the fact that Korea
was able to utilize newer, energy-efficient equipment in its production
processes, especially in its more dynamic subsectors of machinery and
equipment.

Similarly in Brazil, its structural emphasis on heavy industry ex-
plains its high industrial energy requirements, while the utilization of
new industrial equipment and shift from traditional to commercial fuels
helped keep its industrial energy/output ratio low. Expectations are that
Brazil's energy-intensive subsectors will continue to grow the most rapidly
so that its changing industrial structure might determine total industrial
energy demand even more in the future than had previously been the case.

In India the fuel mix, which is dominated by the use of thermally less
efficient coal, would seam to explain a large part of its high industrial
energy/output ratio. Most manufacturing subsectors, both light and heavy
industries, grew slowly during the 1967-76 period, as did total industrial
energy demand.

Kenya's structure of industrial output seems most clearly related to
its rapid industrial energy growth. While light industries are dominant in
its total output, petroleum refining has played a major role in its eco-
nomic structure since the 1960s. Additionally, in the light industries of
food and textiles high energy requirements per unit of output have resulted
from severe excess capacity. The large use of noncommercial fuels also
contributes to its relatively high industrial energy demand.

In summary, these four countries exhibit extremely divergent patterns
of industrial growth and energy consumption. While the structure of output
explains part of the varying industrial energy requirements, this brief
review indicates that the intensity of production--determined by both the

fuel mix and the type of equipment used--are also rather important.
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Energy Intensity

There exist large differences in energy requirements per unit of out-
put both among and within manufacturing subsectors which certainly indicate
concrete possibilities of energy savings. To date most savings in the
developed countries have resulted from rather easy to implement, inex-
pensive "housekeeping' measures. There would seem to exist similar energy
saving opportunities in many developing countries. Yet other factors such
as increased capacity utilization and waste heat recovery were consistently
seen as offering significant energy savings.

In many industries new process changes were shown to have the greatest
impact on total industrial energy demand. Tn some respects this is good
since many developing countries are still in the early stages of develop-
ment plans and they might be able to incorporate energy conservation meas-
ures intc these plans. On the other hand, process changes by their nature
tend to be costly at the outset and, for some countries, this places a
prohibitive price on utilizing new energy-efficient processes over more
established technologies. Additionally, some of the newer technologies,
while sound from an economic viewpoint, are not the most energy-efficient.
Consequentiy, & 2]l of energy conservation must be secondary in deciding
which technology should be used.

Specifically, seven industries were reviewed. Collectively they
account for the bulk of industrial energy demand. They are iron and steel,
cement, pulp and paper, chemicals, basic metals, food products and tex-
tiles.

In countries for which data are available, specific energy require-
ments per ton of steel output varies considerably. Newer electric arc and
tasic oxygen furnace processes are less energy-intensive than the old open
hearths. Yet, since coking coal and steel scrap are generally scarce,
several developing countries have taken steps such as injecting fuel in the
furnace tuyeres and relying on directly reduced sponge iron to overcome
their particular resource scarcity problems. Both methods ure currently
more energy-intensive than the traditional blast-furnace/basic oxygen
furnace process.

In cement production, the dry process, in conjunction with suspension
preheating, is much more energy-efficient than the old wet process. How-

ever, high capital costs have constrained plant conversions in several
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developing countries. Also, the choice of kiln fuel was seen to influence
the energy efficiency of cement production. There appears to be large
conservation potential in utilizing steel slag as a cement raw material
input.

Within the pulp and paper subsector, integrated pulp and paper mills
are much more energy-efficient than nonintegrated mills. Additionally,
even though chemical pulping has higher energy intensities than mechanical
pulping, the chemical process will increase in importance because of its
ability to utilize internally generated energy. 1t is possible for such
plants to become totally energy self-sufficient.

Energy savings in the chemical industry have historically resulted
from housekeeping measures and the normal stages of technological progress
of production--small energy-inefficient production followed by large-scale
continuous energy-efficient production. 1In the manufacturing of fertil-
izers, phosphatic nutrients require much fewer energy inputs than do
nitrogenous nutrients. The type of fuel used in producing nitrogenous
nutrients is extremely important with regard to specific energy require-
ments., Natural gas is the preferred fuel source or, if not available,
countries would best utilize naphthas or fuel oils over coal or water
electrolysis.

Much more data are required covering energy efficiencies in basic
metals production, from mine to fabricated product. The heterogeneity of
the food and textiles industry also warrants much more detailed study. All
three industries are important in devcloping countries. Energy conserva-
tion in the former is likely to result primarily from process changes;

energy conservation in the latter two from housekeeping measures.
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Appendix A

INDUSTRIAL ENERGY AND OUTPUT DATA

Historically, energy data were collected to document supply develop-
ment, to determine the growing supply of electricity or reserves of oil,
for example. Consumption data, especially end-use consumption, were
largely ignored. Only after the 1973 oil embargo did the Organization for
Economic Cooperation and Development begin to collect such cross-country
time series data for selected developing countries on a comparable basis,
but the level of disaggregation could be greatly improved. Although many
individual establishments do attempt to gather energy use data, quite often
this information is not available to independent researchers.

Recently, there have been other energy data tabulations and energy
assessments, For example, the Department of Energy in its international
coopecative energy assessments has documented energy use data in Egypt and
Peru both for individual establishments and on an industry wide basis.
Similar data collection and energy use assessmencts are to be published for
Korea, Argentina and Portugal.

In chapter 2 on aggregate industrial energy use, several countries'
energy consumption index/industrial production index ratios and energy
use/industrial output (tons oil equivalent per million $1977 dollars)
ratios are presented to provide time series and cross-country comparisons,
respectively. Given the spotty nature of energy demand data, the desire
was to utilize a single source which broke out industrial consumption from
total demand for several countries. The tabulations were to be at least
theoretically consistent to allow such cross-country comparisons even
though specific detail for some manufacturing industries might be better

obtained from single country reports.
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Industrial Energy

The only source providing such an industrial energy demand disaggre-
gation over time, 1967-77, is an OECD report on 16 developing countries of
which data on only six of them appear reliable and comprehensive enough for
our calculations.l The consumption data is disaggregated into an energy
sector, industry, transportation, other (houschold/commercial), nonenergy
uses, and unaccounted for. The two sectors which are specifically included
in our calculations of industrial energy consumption are the industrial

sector and the enargy sector itself.

OECD energy consumption data in the industrial sector apparently in-
clude all energy usage in the manufacturing industry and the nonenergy
mining industry. That is, the energy consumpticn of both heavy and light
industries and the extractive sectors are included. (Unfortunately the
data do not include energy used as part of any cogeneration process.) More
technically, the data are for the one-digit International Standard Indus-
trial Classification (ISIC) numbers 2-3, excluding, however, the activities
of the energy industry.

For consumption in energy industries a section on energy requirements
for the primary energy sector is separately listed. Essenctially, energy

use in the energy sector is a result of either (a) own use activities,

(e.g., electricity consumption for running plant lights) or (b) transfor-

mation losses. The latter includes heat losses incurred in the generation

of thermal electricity--this does not include fuels used in autogenera-
tion--losses incurred in the production of city gas, refinery losses, elec-
tricity transmission and distribution losses, and losses as a result of
coal conversion and natural gas production and transportation use. While
congervation potential exists in both types of enerpgy use--improved elec-
tricity generating technology on the one hand, and energy conservation
through "housekeeping' measures on the other hand, for example--we keep
with the example provided in recent studies on enerzy use in the industri-

alized countries and try to exclude transformation losses from our calcula-

lInternational Energy Agency, (1979b); also, International Energv
Agency, Energy Balances of OECD Countries (various issues) are used for
Turkey, Portugal, United States, Germany, I[taly and Japan.
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2
tions of industrial energy. Occasionally this exclusion may not be justi-
fied if the structure of a developing country's industrial sector is such

that it has a large or growing energy industry.

To separate energy consumed in own-use activities from losses incurred
in transformation, several conventions are applied to the OECD data. Elec-
tricity generation, which accounts for the bulk of all transformation
losses and consequently far outweighs its own-use energy consumption, is
excluded from the industrial energy calculations. Similarly, gas manufac-
turing losses--largely conversion losses of coal into gas——are also ex-
cluded.,

Energy use by petroleum refineries, on the other hand, is included,
since very little oil is actually lost in its conversion processes, but
rather own-use consumption predominates. Finally, OECD data include a
section on energy scctor use and loss which includes energy scctor con-
sumption, except transformation losses. The amounts are added to our
totals. The result of these adjustments is that industrial energy con-

sumption includes the industry sector and the own use of energy in the

energy sector as much as possible., Also, the data include estimates for

both commercial and traditjonal fuels consumption,

Useful Energy

In table 2-3 our usual measurements of energy consumption, all fuels
converted to metric tons oil equivalent, are adjusted by their various
thermal efficiencies to arrive at "useful" energy consumption. The OECD
aggregate industrial energy consumption data described above, net of con-
sumption by the energy industries, are multiplied by the different fuel

efficiencies listed in table A-1.

Industrial OQutput

To exhibit changes of energy requirements per unit of industrial out-

put two conventions may be adopted. Each has its drawbuacks; each has its

2See, for example, Darmstadter and coauthors (1977) and Dunkerley and
coauthors (1980). In these publications the five major end-use sectors for
which energy consumption is analysed are transformation losses, nonenergy
uses, industry, transport, and residential/commercial uses.
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Tab'e A-l., Thermal Efficiencies of Fuel Use in Industry, Excluding the

Energy Sector

Solid .70
Liquid .80
Gas .85
Electricity ’ .99
Noncommercial® +55

source: William D. Nordhaus, ed., Proceedings of the Workshop on
Energy Demand, International Institute for Applied Systems Analysis
(Laxenburg, Austria, IIASA, 1975) p. 527.

a. . ,
RFF estimate.

advantages. Available in the United Nations Statistical Yearvook is an

industrial production index extending back over several decades. The in-
dex measures changes of real output in physical terms, Since constant
dollax industrial output figures are generslly not available in most coun-
tries, a physical ourput index overcomes problems of deflating current
dollar sales and avoids the common assumption that value added remains a
constant proportion of gross sales. As such, a rvatio of an industrial
energy consumption index/industrial production index captures real changes
of energy required per unit of ovutput over time,

A majnr drawback is that it is not possible to make cross—country
comparisons of such incustrial energy intensity ratios. 3ecause of this,
a national income accounts approach is adnpted., By dividing absolute in-
dustrial energy demand by a constant dollar measure of industrial output,
cross—country energy intensity comparisons may be made regardless of the
size of the economy or year of collation.

In determining industrial energy/GNP intensities it is necessary to
portion off that part of GNP which was generated in the industrial sector,
To do this, United Nations data on gross domestic product by economic

‘o ; . 3o . . . .
activity is utilized. I'he UN data provide a percentage distribution of

United Nations, Statistical Yearbook (various issues),
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GDP in current producer values for both total industrial activity and the
manufacturing industries. The broader category includes not only manufac-
turing, but also mining and quarrying, electricity, gas and water. There
are two reasons for using the broader category. First, the OECD data on
industrial energy consumption include the mini-ig industry and in many dev-
2loping countries the extractive sector is not only of major ecoucmic con-
sequence but is also an important consumer of energy. Second, even though
the UN data include the utilities (ISIC 4) and the OECD data do not, the
inclusion of own use by the energy sector should climinate some of this
industrial GDP output overcounting. We then multiply World Bank GNP con-

stant dollar figures by the UN percentages of industrial value to obtain

a constant dollar measure of industrial output. (The only exception to
using total industrial activity percentages is when useful energy/output
ratios are derived. Since the useful energy calculations exclude the
energy sector, economic activity percentages of manufacturing only are
used.)

Several problems remain. While the UN derives icts percentage measures
of economic activity in current currency terms, we apply them to constaut
doliar values. This process will cover over differences in inflation rates
between the industrial sector and the rest of the economy. Generally, at
least in the United States, overall inflation is greater than that in the
industrial sector and therefore the derived industrial constant dollar out-
nut will wo up less than if a true induscrial deflator could be applied.

It is not possible to determine which countries are most adversely affected
by this methodology. Also, the industrial output percentages are measured
in Cross Domestic Product terms while the World Bank constant dollar data
are of Gross National Product. Their differences, and therefore any error
incurred, are usually not significant.

Finally, there is the problem of converting several countries'
national output into a single currency given the complexities of exchange
rates and foreipn currency denomination. Any of several conventions could
be used including, for example, the purchasing power parity method devel-

oped by Irving Kravis. For this paper we have utilized World Bank constant
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dollar GNP data and therefore the World Bank's exchange rate conversion

methodology.4

For a discussion of the World Banks' methodology see World Bank
(1980a).
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Appendix B

SPECIFIC ELECTRICITY DATA

The electricity sector is the one energy industry for which collection
of consumpticn data has a long record. This is because of the dominant
role of governments within the industry, becquse of the important role of
electricity in overall urbanization/industrialization plans, and because
of the high cost and long lead rimes required in establishing an electri-
fication network. Conscquently, one might expect that electricity -on-
sumption within the industrial sector, and even within specific manufactur-—
ing subsectors, would be more readily available than are data for total
energy demand. Occasionally this is the case; often it is not.

Available from the United Nations Yearbook of Industrial Energy

Statistics are data, generally down to the 4-digit level, of electricity
consumption, gross output, value added and an index of industrial produc-
tion for different industries. The data are incomplete, do not extend
back before 1963 and the definition of coverage often changes over time.
For most countries electricity consumption by industry is only sporadic if
available at all. For others, industrial indices are not presented. In
several cases, although description of coverage remained unchanged, a jump
in the electricity consumption from one year to the next which is not
accompanied by a signiiicant change in output renders the comparability of

data suspect. Consequently, data for only ten developing countries appear

lFor example, it was related to us that in the Dominican Republic the
largest manufacturing companies maintained no records of electricity use
and that the Government Electricity Agency also had no records of sales
and distribution.
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both complete and reliable enough for comparative purposes, Even in these
countries, the ratios are presented more for description than detailed
analysis.

Despite these problems it is possible to obtain a feeling of changing
industrial electricity intensities by relating the index of industrial
production (which measures physical output) to the index of electricity
consumed in each observed industry.2 But by relating indices it is not
possible to make intercountry comparisons or even cross—industry compari-
sons veyond noting that one industry is becoming more efficient and an-
other apparently is not. Nevertheless the calculations do give indica-
tions of changing intensities and therefore changing efficiencies of use.
If, for example, the index ratio declines over time, then it would be
fair to say that’ something--changes in relative prices, changing tech-
nology, etc.—--had fostered declining electricity use relative to output,
that is, comservation. If, on the other hand, the ratio increases over
timc, then that particular induscry is becoming more electricity inten-
sive. The question then becomes why these changes have occurred and what
might be done to encourage additional industrial energy conservation
efforts.

An alternative approach might be to compare the electricity use of an
industry to its money value added or gross output value rather than indus-
trial production index. Gross output comparisons would probably be of
limited use since over time money values of some inputs undoubtedly change
relative to other inputs and to an industry's own values added, and would
therefore be most misleading as a measure of changing electricity inten-—
sity.

An additional drawback in utilizing money value of gross output data
is also germane to the inappropriateness of using money value added quan-
tities. Although this would avoid the problems of inadvertently assuming
improved electricity use in one industry where it was actually due to a
change of inputs from other industries, the utilization of value added
data reported in current producer value figures has its own problems.

Without changing the current money values into constant currency the

2 . , Y , . . .
The discussion wnich follows is not limited to electricity use, but
could pertain to total energy consumption as well.



Table 3-1.

Electricity Consumption und Industrial Production Indices of Several Manufacturing Industries

1963 1967/68 1970 1973 1974 1975 1976 1977
Kwh' Prod. Kwh Prod. Kvh Prod. In. Kwh Prod. In. Kwh Prod. In. Kwh Prod. In. Kwh Prod. Im. Ewh  Frod. Ia.
Braz{l
Food 503 76 5170 100 769 129 845 137 897 139 992 155 1107 164
Textiles 1009 84 1225 100 1516 127 1617 124 1654 128 1755 136 1695 137
Paper 456 79 606 100 790 126 a76 131 881 112 992 135 999 138
Chemicals e 1007 68 1523 100 2439 154 2747 167 3o20 172 3397 195 3563 202
Iron and steel 1531 70 2151 100 3427 138 3935 145 4027 158 4920 178 5436 195
All manufacturing 6202 70 8498 100 12647 148 14082 160 14685 166 16695 185 18372 190
Colombia
Food 225 51 275 83 450 100 459 133 517 141 549 156 567 166
Textiles 381 75 388 81 532 100 653 145 692 133 658 125 705 138
Paper 106 &4 140 66 197 100 238 146 320 150 281 144 41 152
Chenmicals 172 62 220 77 171 100 560 133 470 146 556 144 694 153
Petroleum refining 102 64 128 86 155 100 269 122 221 125 233 122 272 126
Iron and steel 99 72 193 77 246 100 294 101 in 104 411 107 371 102
All manufacturing 1752 66 2437 81 2729 100 3719 129 «092 136 4132 137 4448 147
Dominican Republic
Food 112 75 76 81 93 100 130 115 134 120 137 116 140 131 149 132
Textiles 6 59 5 58 7 100 9 93 9 85 8 100 9 123 13 131
Paper 2 42 10 63 12 100 15 146 27 145 27 109 29 141 28 10
Chemicals 6 48 ? 51 12 100 15 167 14 154 11 172 12 200 13 214
All menufacturing 164 70 152 77 210 100 305 133 334 143 3 149 341 161 408 178
Ecuador
Food 37 51 52 82 76 100 95 119 98 128 107 130 158 143
Textiles 23 44 38 78 51 100 64 142 79 151 78 160 8% 162
Petroleum refining 9 46 12 70 19 100 22 130 21 146 22 16« 2z 188
All manufacturing 113 46 183 76 256 100 353 131 384 149 435 162 514 178
El Salvador
Food 63 100 75 80 63 74 79 88
Textiles 64 100 90 130 91 112 93 112
All manufacturing 202 100 274 119 288 111 E)S ) 128
lore-c
Food 522 100 637 113 705 111 m 120 889 159 1029 204
Textiles 1093 100 1456 125 1718 129 2240 164 2677 215 3122 232
Paper 447 100 560 132 710 159 752 164 888 198 1042 249
Chemtcals 993 100 1191 123 1324 139 1641 182 1739 225 1960 265
Iron and steel 625 100 864 158 1282 302 1463 323 1930 455 2321 552
All manufacturing 6277 100 8229 135 9707 175 11262 208 13533 283 15792 321

N

-~



Mexico

Food 451 83 558 100
Textiles 485 100
Paper 728 76 $91 100
Chamicals 673 100
Iron end steel 1840 77 2569 100
Philippines
Food 422 99 512 100
Textiles 316 102 337 100
Paper 166 108 193 100
Chemicals 291 87 212 100
All manufacturing 2357 98 2807 100
Poxtugnlf'g
Food 156 102 188 100
Textiles 373 65 556 83 656 100
Paper 127 36 249 61 408 100
Chemicals 272 89 222 100
Iron and steel 181 70 215 81 306 100
All manufacturiang 1272 55 2207 74 2683 100
Tunisia
Textiles 17 81 17 100
Paper 14 100
Chemicals 15 86 68 100
All manufacturing 116 90 244 100

586
548
1139
938
3142

1491
426
512
381

5838

304
841
495
746
506
4444

25
75
81
394

-—

131
115
148
124

178
136
100
170
154

132
142
116
132
164
137

119
132
118
125

‘832

565
1172
1132
3454

202
520
469
349
5598

284
861
519
938
505
4779

38
99
120
514

116
134
129
157
139

121
124

97
275
138

130
147
144
135
142
140

121
130
128
134

635
573
1171
1220
3597

331
728
414
968
474
4566

42
57
91
487

120
139
121
164
138

156
122
132
130
110
132

110
130
125
135

762
585
1248
1468
3826

342
756
516
791
507
4692

45
58
133
557

127
132
138
186
141

163
124
139
144
125
139

97
127
124
143

383
810
552
961
658
5372

178
121
159
158
163
142

Source: United Nations, Growth of the World Industry, vol. 1 (New York, UN) (various é¢ditions), and

Yearbook of Industrial Statistics, 1977 Edition, vol. I (New York, UN, 1979) and 1978 Edition, vol. 1

(New York, UN, 1980).

"Million Xwh.

bIndua:rinl Production Index.

“Koresn 1970 datas are actually for 1972 and related indices derived vhere 1972 = 100.

dFood. beveragas and tobacco.

eIron and steel, non-ferrous metals, snd metal products.
fProductlon index for iron and steel, and non-ferrous metals.

Bror Portugal, 1976 and 1977 data compiled by a different classification

than vas used in

previous

years.

~X

\5‘
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energy ratios are meaninglesc and yet to deflate a single industry's value
added quantities by a general wholesale or consumer price index can cover
the relative input price differences/changes which justify changing input
use in the first place. That is, an economically rational decision to in~
crease electricity use by an industry as a result of increasing (inflated)
costs of capital, labor or other inputs, if not properly deflated, would
appear simply as a decrease in eificiency and point to a misleading conclu~
sion that the particular industry is a prime candidate for conservation
measures, It may or may not be, but such construed electricity intensity
ratios are not reliable indicators of such need. Unfortunately, industry-
specific inflation indices are relatively primitive even in the United
States. They are virtually nonexistent in the developing countries.

To conclude, electricity/value added ratios would have been preferable
measures of electricity efficiencies allowing time series comparisons for
both cross-industry and--if properly converted--cross—-country. However,
for the reasons cited above, the industrial production indices in relation
to a derived index of electricity use by industry is used instead. The
results, presented in chapter 2, while incomplete, are nevertheless infor-
mative. The electricity data and industrial output indices are presented

in table B-1.
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Appendix C

CONVERSION FACTORS

Table C-1 lists the conversion factors utilized throughout the report

for changing original souvrce data into a common denominator, kilocalories

(kcal). Unless noted otherwise no adjustment has been made to include

t.ansformation losses incurred in generating electricity.

ror specific energy consumption calculations one short ton equals 2000

pounds, one metric ton equals 2204.6 pounds, and one long ton equals 2240

pounds.

Table C-1. Conversion Factors Into and From Kilocalories

To kilocalories

.06 x 107 kcal

1 Metric Ton 0il Equivalent (toe) =1
1 Metric Ton Coal Equivalent (tce) = 7.21 x 106 kcal
1 Joule (J) = 2.389 x 10_4 kcal
1 Giggajoule (GJ) = 2.389 x 105 kcal
1 British Thermal Unit (Btu) = 2.52 x 10_l kcal
1 Kilowatt Hour (KWh) = 8.6 x lO2 kecal
From kilocalories

1 keal = 9.434 x 1070 toe

1 keal = 1.387 x 107/ tce

1 kcal = 4.186 x lO3 J

1 kcal = 4.186 x 10~ GJ

1 kcal = 3.986 x lO0 Btu

1 keal = 1.163 x 107> Kwh
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