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FOREWORD

Energy is essential for economic development and rapid increases in
economic activity usually lead to large increases in energy demand. During the
last decade or so, many Asian developing countries have enjoyed high rates of
economic growth and this trend is expected to continue over the next ten years.
Consequently, one can expect rapid increases in energy demand in these countries,
particularly for electricity in the household sector and petroleum products in the
transport sector. This is likely to have important consequences for world energy
and capital markets, global hydrocaxbon emissions and local environmental issues,
with potentially adverse consequences for economic growth in developing Asia.

This report examines recent developments in the energy sectors of five
major Asian developing countries. It projects energy demand in these countries
for the next ten years and evaluates measures that can be taken to use energy more
efficiently. It focuses primarily on policy measures and technological applications
for energy conservation. The authors suggest that considerable energy
conservation is possible if proper policy measures are taken and if adequate
technical assistance is provided by the iternational community.

This study is part of on-going efforts of the Intemational Economics
Departnent of the World Bank to evaluate and project developments in world
markets of major commodities. The economic and technical analysis and
conclusions of this report should provide a good basis for public debate on these
important issues.

Masood Ahmed
Director

International Economics Departnent

ix



ABSTRACT

Energy demand in non-OECD countries in the 1980s increased at a rate of 2.8

percent p.a. This was substantialy higher than that of OECD countries. which was I

percent p.a. Among the non-OECD regions, the rate of energy demand increase in

developing Asian countries was higher than any other region of the world, at 5.3 percent

p.a. The factors that led to this phenomenal growth are expected to continue in the Asian

countries for at least the next ten years. Such growth is likely to create a number of

issues.

The objectives of the present study are: (1) to examine the structures and trends in

energy demand in five major developing countries of Asia (China, India. Indonesia, Korea

and Thailand) by sector and subsector, (2) to evaluate the energy policies of these

countries, (3) to evaluate the extent to which energy conservation efforts could be

underaken, (4) to estimate through quantitative analysis key income and price elasticities
and to project under several scenarios energy demand in the five countnies, and (5) to

explore practicable policy measures and technical applications to promote efficient energy

use in these countries.

The study identifies the salient features of energy use in these countries as having:
(1) high energy intensity, (2) high energy consumption in the industrial sector, (3) rapid

growth in demand for electricity, (4) rapid motorization, (5) large losses in electricity

generation and transmission, and (6) low energy prices.

For each of the five countries, econometric models to project energy demand were

built, a process which included estimating income and price elasticities of demand for

sectors and subsectors. The projections from the models show that the levels of energy

demand of the five countries in 2005 will be 2.5 to 3 times as high as those in 1990 if no

significant energy conservation measures are implemented.

The authors suggest that the developing countries of Asia should begin to pay

much more attention to energy conservation. Throughout all sectors. including both final

energy consumption and energy conversions, energy is often wasted. The weighted

average energy intensity to a physical unit of output of major industrial products such as

x



iron and steeL cement, ertilizer, and pulp and paper. is estimated to be much higher in the
five major Asian developing countries than in the industrialized countries.

The analysis given in the paper suggests that energy prices are one of the key
variables affecting the progress of energy conservation efforts. The study also suggests
that regional and intemational cooperation and collaboration will be esential to attain
efficient energy use in these Asian countries. This is partly because the impact from large
incremental energy use in these countries will not be limited to them but will be regional
and interational in scale.

The expected rapid increase in energy demand is likely to raise a number of other
important issues. These include significant impacts on world energy markets and on local
environmental problems. Because of the anticipated large costs of building the necessary
capacity and infrastructure required to meet the incremental energy demand in the Asian
countres, the impact on regional, even global financial markets might also be great

id
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EXECUTIVE SUMMARY

Economic growti in developing countries is typically accompanied by an inrease
in energy consumption. Asian developing countries in particular have shown notable
increases in energy consumption when experiencing dynamic increases in GDP. These
countries neady doubled their share of global pimary energy consumption from 8 percent
in 1970 to 15 percent in 1990. That was almost one-dtird of all energy consumption in
non-OECD countries. The five countries in this study-China, India, Indonesia, Korea,
and Thailand-account for more than 80 percent of the total energy consumption of all
Asian developing countries, whose growth rate of energy consumption during the 1980s
was higher than any other part of the world (see Figure 1). At 5.3 percent p.a. during the
1980s, Asia's was more than five times that of the OECD countries, 1.0 percent p.a. The
models used for the present study show that energy demand in 2005 in the five major
Asian developing countries together will be 2.5 to 3 times as much as in 1990. The
models also project incremental energy demand of the five countries to constitute more
than 40 percent of total world demand. Hence, the impact of energ demand in these
countres on world energy markets will increase even more in the future.

The expected growth i energy consumption in Asia will also have important
effects on the environment. Acid rain is already a serious problem in East Asia.
Additional demand for electricity, however, is likly to be met by coal-fired power plants,
since coal is cheap and abundant. Hydroelectric power tends to bring wi it
environmental problems arising from dam construction and nuclear power often meets
opposition from communities near plant sites. The amount of investment required to meet
Asia!s inasing energy demand will be considerable. This investment will be needed for
the building and expansion of electric power plants, electric transmission and distrbution
systems, port facilides, and transportation systems.

The regional and international cooperation and collaboration will be essential to
achieve efficient energy use in these countries. This study analyzes the sture and
trends of energy demand in the five major Asian developing counties and examines
energy conservation measures that might be taken to increase energy efficiency. The
study also examines policies that have been implemented in these countries and identfies
possible conservation measures. The analysis, the study also projects energy demand in the
five nations for the next ten years

xv



This analvsis of energy demand focuses on the industrial, transportation, and
household and commercial sectors. The industrial sector is the largest user of energy in
most of the five countries and is the sector where ner conservation probably has the
greatest potential. The electric power sectors in the five countries are also analyzed since
reducing energy losses will be a significant part of reinforcement of power supply.

F4gure 1: Comparison of Growth Rates of Primary Energy ConsumptIon, 1981-90

6%-

5%-

4%-

3%-

2%-

World OECD Asian Non-OECD Otiernon-
Dveloping Erope OECD
Countries

Sotue: BP Staistics

SALIENT FEATURS OF ENERGY USE
IN ASIAN DEVELOPING COUNTRIES

The energy demand patterns of the five major Asian countries dffer from energy
demand patms in the industrialized countries. In Asia the patterns include:

(a) high energ intensity;
(b) high energy consumption in the indusial sector,
(c) rapid growth in demand for electricity;
(d) rapid motorization;
(e) large losses in electricity; and
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(f) low energy prices.

High energy intensity. Although a declining trend can be observed in the five

major Asian countries, energy intensity (energy consumption per US dollar of GDP) is still

high compared with energy intensity in the hndustrialized countries (see Figure 2). China's

energy intensity is eighteen times1 that of Japan, and India!s is four times that of Japan.

Energy intensities of Indonesia, Korea, and Thailand also surpass energy intensity of

Japan. Coupled with the expected high economic growth rates in these countries, if these

high energy intensities are not reduced, the rapid growth of energy demand will continue

in the future.

Figure 2: Primary Energy Consumption per US Dollar of GDP in Selected

Countrks, 1980 and 1990

10.00

1.00

USA GCmmy Japan Ilmland Korea ladoma bn& Oman

Source: IEA; LBL

Although GDP in US$ is used to calculate energy intensity, the currency exhange rates used to express
GDP are somenies miskading. This is becuse curency exchage rates are often affected by financial
markets and tra& policies. Another way to estimate energy intensity is by the use of purcasing power
parity (FPP). Far example, per capita PPP of China was USS1,950 in 1990, which is 5.6 tnes as high as
per capita GDP (US$349). If this mP is applied to calculae China's er intensity, the intensity
declines from 2.65 kgoI/US$ to 0.47 kgoe/US, which is between that of lulia and Indoneia.
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High energy consumption in the industrld sector. In four of the five Asian
countries (the exception being Thailand), the industrial sector holds the highest share in
final energy consumption. Heavy industries, such as iron and steel, non-metallic minerals,
chemicals, and pulp and paper together account for 50-80 percent of consumption (see
Figure 3). These shares are not likely to diminish soon.

Figure 3: Share of Energy Consumption of Four Energy-Intensive Industries
(Iron and Steel, Non-metallic Minerals, Chemicals, and Pulp and Paper)
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Although the energy intensity of heavy industries has tended to decline in the five
countries, it is still more than 20 percent higher at large plants and sometimes more than
double at small plants compared with that in industrialized countries. There are sevewral
reasons for this. Many obsolete facilities and processes are still used in China and India,
and energy management is often poor even at modem faciities Moreover, energy
intensity in some machinery and fabrication industries has increased because these
industres have changed from labor-intensive to energy-intensive industries. But low
energy prices (often the result of government subsidies) have given the industrial sector
few incentives to improve energy efficiency.

xviii



Rapid growth In demand for lectriciy. Electrification has been proceding
rapidly in both the household/commercial sector and tie industrial sector (see Figur 4).
Throughout the five countries, the use of electric appliances, such as telvisions,
refrigerators, washing machines, and air conditioners, has increased rapidly. Consumption
of electricity in Chinaas household sector incrased more than fourfold during the 1980s in
the wake of a boom in sales of electric appliances. Rapid increases in electricity use in the
householdlcommercial sector are expected to continue into the next century because
income elasticity of electricity demand in the househokdcommercial sector is higb: 3.6 in
India, and between 1.6 and 1.8 in Indonesia, Komea, and Thailand.

Growth in the consumption of electricity in the industrial sector is also high.
Modenization of industrial plants means the installaton of new electonic instuments and
equipment; expanding fabrication industries, such as machinery and electroics
manufactring, depends on electic power rather than on fuels. The growth rates of
electricity consumption in the industrial sectors of the five countries during the 1980s
exceeded ieh growth rates for fuel consumtion.

Figure 4: Growth Rates of Fuel and Elkeccity Consumptio
between 1981 and 1990
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Rapid motorization. The number of cars in use bas grown markedly in the five
countries, especially in Korea and Thailand. As income levels have incrcased, the middle-
class people have joined the wealthy as owners of motor vehicles. Between 1985 and
1990. the number of cars in use increased at the rate of 25 percent p.a. in Korea and 16
percent p.a. in Thailand. This study also shows high income elasticities of car ownership:
2.7 in Korea, 2 in Thailand, and 1.44 in Indonesia.

Rapid motorization bas caused large increases in consumption of motor vehicle
fuel in the five countries. It also contributed to a rapid modal shift from rail to road
transport in China and India, although rail is still important. This rapid motorization is
expected to continue. Consequently, the structure of energy use in this sector will become
rigid, since road transport depends exclusively on gasoline and diesel oil. Without energy

conservation measures, energy intensity in this sector is likely to increase as traffic
congestion in large cities worsens and rising incomes allow consumers to sbift from small
and efficient motor vehicles to large and less efficient ones.

Large losses in electricity supply. Large losses in electric power generation and
in transmission and distribution (T&D) lines are found in several of the five countries.
Although Koreas power sector has reduced its losses to a lwvel similar to that of the
industrialized countries and Thailand's power sector has also reduced losses to some
degree, generation losses in China, India, and Indonesia exceed those of the industrial
countries by 20 percent.

Low energy prices. Although Korea and Thailand have lberalized the prices of
some oil products and the government of China has announced that it would completely
liberalize energy prices by 1995, govemment subsidies for energy use are widespread in
the five countries. Subsidization for consumers of electricity is especially prevalent The
average price of electricity in India during the 1980s, for example, was only twice that of
fuel oil. This meant that the average price of electricity was less than the fuel cost of
power generation because the thermal efficiency of electricity, on average, is less than 25
percent. The cost of electricity for consumers in Korea is estimated to be 10 percent less
than the cost of producing it,2 even though energy prices in Korea are more subject to
market forces.

2 KOMja En = MS sourtes
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Subsidies for energy prices generally cause three problems. First, tiey provide
little incentive to conserve energy. Second, they discourage energy industries from
investing in expansion and modernization. Third, they increase the financial burden of the
government. As a result, energy use as a whole becomes economically and technically
inefficient.

THE NECESSITY OF ENERGY CONSERVATION
IN ASIAN DEVELOPING COUNTRIES

Given rapid growth in energy demand, the developing countries of Asia should
begin to pay much more attention to energy conservation. Throughout all sectors,
including both the final energy consumption and energy conversion sectors, energy is often
wasted. The weighted average energy intensity to a physica unit of output (ton-of-
product) of major industrial products such as iron and steel, cement, fertilizer, and pulp
and paper is estimated to be much higher in the five major Asian developing countries than
in the industialized countries: 55 percent higher in Cbina, 50 percent in India, 30 percent
in Indonesia, 20 percent in Thailand, and 10 percent in Korea Energy use in other sectors
is often just as wasteful.

Industrial sector. Since the industrial sector accounts for the largest share of final
energy consumption,3 this sector generally holds the greatest potential for energy
conservaion Wile the governments of the five countries have made some efforts to
pomote energy conservation, energy efficiency has remained low except in Korea.
Paiculy in the low-income countries, firms tend to limit investments in energy
conservaion because of capital scarcity. Instead of investing in energy consmvation, they
are inclined to invest in expansion of production capacity, which tends to give better
financial returns, especially in the short run. Low energy prices since the oil price collapse
of 1986 have also encouraged this tendency. In addition, lack of information on energy
conservation technology and management procedures limits the energy saving efforts of
fmns.

Analysis of energy intensity indicates the magnitude of inefficient energy use in
energy-intensive industries. The iron and steel industies of China and India, for example,
are among the largest in their countries. Their enewrgy efficiency falls far below the

3 In Thailand the tansportation sector accounts for the largest share of final energy consunption.
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standard of the industrialized countries. The overall energy intensity of China's steel

industry is more than double that of Japan or the United States. Even if the energy
intensity of the industry is adjusted by taking account of its different product structure, it

is still very high. India's steel industry is considered even less efficient than China's. This

is because (a) outdated technologies are still widely used, (b) small plants, which cannot

achieve economies of scale, still play a major role in the ir.dustry, and (c) infornation and

awareness of the possibilities of energy saving are scarce. This situation is also observed

in other industries, such as fertilizer and cement. Another problem is poor management of

plant operations, including energy management. Because of this, plants which were

constructed or modernized during the late 1980s often show lower energy efficiency than

similar plants in industrialized countries.

Tranportation sector. Due to rapid motorization in the five countries, energy

conservation in this sector will be a crucial issue soon. In Thailand the transportation
sector holds the largest share of final energy consumption and the energy intensity of

wansport has tended to increase, mainly because of deteriorating traffic condition in

Bangkok. A rising energy intensity in road transport is also observed in Korea. Indonesia

also faces increasing car ownership and traffic congestion especially in Jakarta. Although

mil transport still has an important role in China and lndia, a modal shift from rail to road
ransport is under way in both countries. Because road transport is powered by gasoline

and diesel oil and because there are no substitute for these fuels, the growing demand for
the fuels in the five countries could tighten the global balance of oil supply and demand.

India is still producing obsolete models of cars which keeps the overall energy

efficiency of road transport low. In the other four countries, which have introduced

modem car manufacturing technology, the energy efficiency of cars is almost as high as

that of cars in the industrialized countries. However, heavy traffic congestion in such

cities as Bangkok, Jakarta, and Seoul has worsened the fuel economy of cars.

Steam locomotives are the primary source of inefficient energy use in the rail
sectors of China and India. Although the governments of both countries have been

eplacing steam locomotives with diesel and electric traction, coal's share in energy

consumption in the rail sector is still large: 69 percent in China4 as of 1989, and 54

4 According to the government of China, electric and diesel locomotive were 70.9 percent of all
locomotives in use in 1990.
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percent in India as of 1990. The energy efficiency of steam locomotives is only one-fourth
that of diesel and electricity after taking electricity conversion factors into account. The
low energy efficiency of steam locomotives increases the overall energy intensity of
railway transport.

Householdcomnmercal sector. Energy demand in this sector is expected to
increase rapidly as more rural areas are electrified, electric appliances become more widely
used, and electricity is substituted for traditional energy sources. Demand for electricity in
this sector is expected to increase more than demand for other forms of energy because
electricity is a cleaner and more convenient fonn of energy. A high growth in demand for
electricity in this sector will raise peak loads and reduce the load factor of power supply.
This implies increasing inefficient use of power generation capacities.

In the low-income countries of China and India, traditional energy is still widely
used for cooldng and home heating in rural households. The thermal efficiency of
firewood stoves, for example, is about half that of common coal stoves and one-fifth that
of oil or gas stoves. Inefficient use of traditional fuels not only increases fuel consumption
but also causes environmental deterioration-e.g., air pollution and deforestation.

Although comnmercial energ is being substituted for traditional energy, the
efficiency of energy use is sfill low in most of the five countries. Kerosene is still used for
lighting in India's rural areas, and raw coal is used for cooking and heating in China.
Households in both urban and nral areas have introduced many electric appliances but the
energy efficiency of some of them is much lower than that of similar products in the
industialized countries. Incandescent lamps are widely used, but the use of fluorescent
lamps is limited because of their high prices.

Electic power sector. High losses in electdc power generation reduce the supply
of electricity more than 20 percent, sometimes more than 30 percent, in China, India. and
Indonesia. These losses are caused by (a) smal size of the plants, (b) poor plant
maintenance, (c) inefficient plant operation, and (d) high auxliary consumption. Good
housekeeping and maintenance alone would signicantly improve boiler efficiency and
reduce auxiliay energy consumption without large investments. Revamping existing

5 Mcyers et al., 1990.
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power plants would also be a cost-effective way to increase power supply capacity, even
though significant investments would be required.

In addition to the generation losses, high T&D losses in four of the five countries
(the exception is Korea) also reduce power supply capacities. The losses are generally 2
to 4 times higher than those in Germany and Japan. In India T&D losses waste for more
than 20 percent of the electricity generated in Japan. In 1989 Japan's T&D losses were
only 5.6 percent. If T&D losses in India were reduced to the levels found in industrialzed
countries, demand for new power generation capacity would be reduced more than 15
percent. These large T&D losses are caused mainly by (a) the low voltage of T&D lines,
(b) too many voltage step-downs, and (c) poor maintenance. Other causes of T&D losses,
such as incorrect metering and Jlferage of electricity, are also problems which must be
solved.

PROSPECTS FOR ENERGY DEMAND
IN THE FIVE ASIAN DEVELOPING COUNTRIES

Methodology

Small computer models were built to analyze and project energy demand for the
five countries under several scenarios. Projections were made for the industrial, transport,
and residentiaUcommercial sectors. Transport sector projections were disaggregated to
cover both road and rail transport in China and India. Demand in the road transport
subsector for gasoline and for diesel fuel was analyzed separately. Except for Indonesia,
for which consistent subsector data were not available, the industial sector was analyzed
by subsectors.

The main exogenous variables were GDP, population, and prices of energy.
Projected GDP and population growth rates are those of the World Bank. The prices of
energy were assumed to stay at the same levels as in the early 1990s.

The energy intensities of sectors and subsectors were one of the main variables
driving the nmdels, and they were specified as a function of energy prices. Clear secular
trends, when observed, were incorporated into the models.
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Elasticikes used In the modelh Econometric analysis was used to estimate the
income and price elasticities of key variables used in the models. Medium-term price
elasticities in the industrial and agicultural sectors were found to be significant and varied
considerably from one subsector to another. In most cases they were found to be between
-0.3 and -2.0. In many of the subsectors in the industrial sector, elasticities were affected
by prices 3 years earlier, implying that it takes many industries at least 3 years to adjust
energy consumption to energy prices. The response time estimated here may be short,
especially in the industrial sector, considering that it often takes several years to replace
facilities and equipment Long-term elasticities could not be estimated, due to the
unavailability of long time-series data.

In the transport sector, the income elasticity of demand for gasoline was well over
unity for the four countries examined (elasticity was not estimated for China). The price
elasticities of demand for gasoline were found to be statistically significant. Diesd oil,
mainly used for transport of industrial and commercial goods, had an income elasticity of
about one, except in Thailand, where a large number of passenger cars use diesel oil. The
price elasticity of diesel oil was found to be low, suggesting that fuel prices do not affect
truck transport much.

A switch from fossil fuels to electricity in the household/commercial sector was
clearly observed. The income elasticities of electricity demand were between 1.5 and 3.6,
while those for fuels were between 0.6 and 1.6.

Projections of Energy Demand in the Five Countries

The models were used to project energy demand in the five countries up to the
year 2005 under three scenarios: base, high GDP growth, and high energy prices. In the
high GDP growth case, the assumption was that increases in GDP would be one
percentage point higher than the base case for the period 1994-2005. In the high energy
price case, the assumption was that real energy prices would be 10 percent higher than the
base case for the period 1994-2005.

The results of the projections were similar to those of the EA, except for China,
where the energy demand level projected here was considerably higher. The projections
for China were also significantly higber than the prwiminary results of the recent study,
"Issues and Options for Greenhouse Gas Emissions in Cbina," undertaken jointly by the
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govemment of China and the World Bank. The main reason for the difference was that
the other two studies assume a significant change in the structure of the economy, a rapid
decline in energy intensity in the industrial sector, substantial improvements in energy
efficiency, and a switch in industrial products from high energy-intensive and low value-
added ones to low energy-intensive and high value-added ones. In the current study the
decline in energy intensity is assumed to be less rapid than in the other studies. In spite of
recent efforts exercised by the government and the industrial sector, the decline in energy
intensity assumed in the other studies is not likely to be achieved without a significant
change in product structure and a considerable increase in energy conservation efforts.

The base case projections show that the level of energy demand of the five
countries in 2005 would be 2.5 to 3 times as high as those in 1990. It is estimated that the
increase in energy demand in these five countries will account for more than 40 percent of
the increase in global energy demand between 1990 and 2005. Hence, the impact of
energy demand in these countries on world energy markets is expected to be considerably
larger in 2005 than at present. Table I shows the results obtained from the base case
model.

China. Energy demand is expected to increase at a rate of 6.5 percent p.a., a
slightly higher rate than in the 1980s, mainly due to higher GDP growth rates and high
growth in the industrial sector. Because the rate of decline in energy intensity in the
industrial sector during the projection period is assumed to be smaller than during the
second half of the 1980s, the rate of energy demand growth in the industrial sector is
projected to increase from 6.2 percent p.a. in the 1980s to 6.5 percent p.a. In the high
GDP growth case, demand in 2005 is 12 percent higher than in the base case.

Table 1: Projeclions of Energy Demand In Five Countries, 1990-2005
(million tons of oil equivalent, percent p.a.)

Growth Rate
1980 1990 2000 2005 1980-90 1991-2005

Chna 369 612 1198 1587 6.2 6.5
India 72 119 213 284 5.3 5.6
Indonesia 18 30 62 88 3.3 7.2
Korea 34 70 135 193 8.2 6.9
Thailand 8 19 44 66 10.2 8.7
Source: IEA for historical data; IEC for projections.
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India. Energy demand is projected to increase 5.6 percent makdng the demand
level in 2005 2.4 times as large as that of 1990. The growth rates of energy demand in the
industrial and transport sectors are expected to acclerate during the projection period.
High GDP growth would make energy demand in 2005 2.7 times that of 1990. Higher
energy prices are expected to affect the industrial sector more than other sectors. Energy
demand in this sector is therefore expected to be about 15 percent lower in 2005.

Indonesia. The growth rate of energy demand is expected to increase to 7.2
percent p.a. for the period 1991-2005, compared with 3.3 percent p.a. in the 1980s. The
major reasons for the accelerated growth are expected to be a higher GDP growth rate,
acceleration in industrialization and motorization, and the spread of electrification in the
residential sector. In the high GDP growth scenario the energy demand growth rate is
expected to be 8.3 percent p.a. Higher energy prices are expected to have only a slight
impact mainly in the transport sector.

Korea. The growth rate of energy demand is expected to decline to 6.2 percent
p.a. durng the period 1991-2005, compared with 8.2 percent p.a. in the 1980s. This is
pimarily because assumed GDP growth rates for the projection period are lower than in
the 1980s. Transport energy demand is projected to increase at 9.5 percent p.a. during the
period 1991-2005 considerably less than the 13.9 percent p.a. recorded in the 1980s but
sill very high. Industry is expected to be the second highest growth sector at 7.2 percent
p.a. In the high GDP growth case the demand level in 2005 is projected to be 16 percent
higher than the base case. As in oher countries the industrial sector would be affected the
most by higbher energy prices.

Thaiand. Energy demand growth is expected to decline from 10.2 percent p.a. in
the 1980s to 8.7 percent p.a. for the period 1990-2005. The major cause of this slower
growth is expected to be a decline in the growth rate of energy consumption in the
transportation sector. This, in turn, is the result of a lower GDP growth rate during the
period 1991-2005. In spite of the slowdown in growth, the demand level in 2005 is
expected to be more than 3 times as much as that of 1989.

The models were also used to evaluate the impact of energy conservation efforts in
the industrial sector. They show that the effects would be significant, especialy in China
and India, where production facilities and processes are on average still old and inefficient
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POLICIES AND MEASURES FOR ENERGY CONSERVATION

Rapidly increasing energy consumption in Asian developing countries is already

causing a number of serious problems, including environmental deterioration, increasing

costs of energy-related infrastructure, and rising prices in world energy markets. These

problems are likely to become more serious in the future.

One of the measures that can be taken to alleviate these problems is energy

conservation. This approach should prove to be effective because there is a great

potential for energy conservation with relatively small investment in these countries.

Analysis in this study strongly suggests that energy prices are one of the key
variables that affects the strength of energy conservation efforts. Prices were found to

have an important impact on energy efficiency and use in India and Indonesia, and a

imited one in Korea and Thailand. One of the reasons probably is that energy costs in

higher-income countries are small in proportion to total costs and expenditures in the

industrial and householdhcommercial sectors. Another problem is that energy

consumption is still subsidized. The governments of the Asian countries should be able to

achieve the stated objectives of such subsidies (e.g., helping the poor or the industry to be

competitive). These subsidies not only discourage energy conservation but also reduce

economic efficiency in general, thus placing higher financial burdens on the government.

The financial return on investments in energy conservation may be small at the

level of the individual furm or person, but given that energy conservation has beneficial

effects on the environment, on the costs of energy-related infrastructure, and on world

energy markets, national and international collaboraton in these efforts would be

desirable. Without energy conservation efforts in the industrialized countries since the

early 1970s, global environmental problems would have intensified and world energy

prices would be much higher.

Some measures that would contribute to energy conservation in the five countries

are given below. They may also apply to other developing countries.

Industrbl sector. To improve efficiency in energy use in the industrial sector,

govemments and industries should promote energy conservation efforts through practical

measures. Judging from Japan's energy conservation efforts after the first oil crisis of
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1973, energy savings of 10 to 20 percent could be attained by better housekeeping and
maintenance of facilities alone, which do not generaly require large investments. Ener

conservation results not only in the reduction of energy costs but also in improvements in
productivity and in the quality of products. Energy conservation efforts can be maximized

by the following practical actions:

(a) governments should:

- eliniinate subsidies for energy use;
- set targets for energy saving by industry;

- recommend technical standards and set codes for energy conservation in

cooperation with industries and academia;
- provide information on energy conservation technologies to industries; and

- set strict environmental regulations aimed at inefficient use of energy.

(b) the industrial sector should:
- create an industial body which promotes energy conservation at corporate

levels in cooperation with the govemment and academia. Its major functions

would include energy audits, transfer of energy conservation know-how,

assistance in installing energy conservation technology, and training of staff

from industrial enterpmses; and

- create private energy service companies which are self-financing.

Transportion sector. Energy conservation in this sector should take two

approaches. One is to improve the energy efficiency of road transport Another is to
develop and improve rail tanspor, including mass transportation systems in cities.

To improve the energy efficiency of road transport in India, modenization of

motor vehicle design and production of fuel-efficient vehicles are necessary. In the other

four countries, which have been producing the same models of vehicles as those used in

industnalized countries, drastic measures are needed to alleviate the declining energy

effiiency of road transport These measures include better regulation of traffic,

introduction and expansion of mass transportaton systems, and better city planning. In

particular, the introduction of modem mass transportation systems, such as subways and

suburban train systems in large cities, is necessary from a long-term viewpoint, even

though large investments would be necessary.
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To improve the energy efficiency of rail transport in China and India,
moderization of railway traction is essentiaL Given that the energy efficency of steam
locomotives is only one-fourth that of diesel and electric traction, a significant
improvement in the energy intensity of rail transport could be achieved by eliminating
steam locomotives.

Househodco nera sector. Energy consumption in this sector is expected to
increase rapidly in the future as living standards rise. Greater use of electrc appliances,
low energy prices, and the low efficiency of stoves, lamps and other electric appliances are
expected to accelerate energy consumption in this sector.

Major measures that can be taken to increase energy efficiency in this sector would
include (a) elminating subsidies for energy use, (b) improving the efficiency of home
healing and cooking through the introduction of modem stoves and moderizaion of
obsolete heat distribution systems in northern countries, and (c) improving the energy
efficiency of electric appliances produced domestically.

Elecric power sector. To reduce the high generation losses of electric power
plants, the following measures are needed: (a) improving plant performance through
better hous ing and maintenance; (b) modernizng older power plants; and (c)
pursuing economies of scale when constructing new plants.

To reduce high T&D losses, the following measures are needed: (a) reinforcing
and modering overloaded transmission and distribution system-e.g., expansion and
lOOping of trunk grid systems, upgrading of system voltage and simlification of voltage
steps, and reduction of transformer losses; and (b) enforcing correct metering systems and
preventing pilferage of electricity.
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INTRODUCTION

Energy demand in the non-OECD countries during the 1980s incesed at a rate of

2.8 percent p.a. which was substantially more than the 1.0 percent increase in energy

demand in the OECD countries. Moreover, the growth rate of energy demand in Asian

developing countries (5.3 percent p.a.) was considerably higher than in any other region in

the world. As a result the share of Asian developing countries in world energy
consumption increased from 8 percent in 1970 to 11 percent in 1980 and 15 percent in

1990. It is expected that this trend will continue. The causes of this rapid increase

included high rates of economic growth, high energy intensities, the rapid pace of

industrialization, a growing proportion of energy-intensive industries in the industrial

sector, rapid electification of industries and households, and rapid motorization.

The expected large increase in energy demand in these countries is likely to cause

several issues, including environmental deterioration, high costs of enlarging the energy
infrastructure (especially for electricity), and increases in world energy prices.

To meet the inasing demand for energy, Asian countries will need to increase
domestic energy supplies, build additional power plants and hydroelectric dams, expand
electric distribution systems, expand port facilities where fuel imports are delivered, and
strengthen the systems for transporting coal and petroleum. The cost of these investments
is expected to be very high.

n 1990 the developing countries of Asia accounted, respectively, for 8.4 percent
and 11.9 percent of world imports of petroleum and coal. These shares are expected to
increase substantially in the future. Due to high domestic demand, China is believed to
have become a net importer of petroleum in 1993, and Indonesia is likely to become a net
petroleum importer before the end of the decade. Since coal is expected to remain the
main energy source for electncity generation, imports of coal into these countres will also
increase at a rapid pace. The importance of growing energy demand in the Asian
developing countries in world energy trade has been increasing over time and will continue
to do so.

One way to control the growth in energy consumption would be to place greater
emphasis on energy conservation. Ener efficiency in most of the Asian developing
countries is still quite low compared with that in industialized countrics. In the indusi
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sector, much of the equipment used in these countries is old and inefficient. Energy
conservation efforts have been encouraged in the industrial sectors of some of these
countries, but there is still much room for improvement. Energy efficiency could also
improve significantly if new mass-transit systems were built in urban areas. The
replacement of older household appliances with more energy-efficient ones would also
reduce energy consumption significantly.

Although it is often argued that investment in energy conservation does not
provide adequate financial returns, the beneficial impacts of reduced energy consumption
by firms and individual persons on the environment, on the energy-related infrastructure,
and on world energy prices would be substantial Controlling the increases in consumption
through conservation would widely benefit energy consumers by holding energy prices
down.

The objectives of the present study are (1) to examine structures and trends in
energy demand in five major Asian developing countries (China, India, Indonesia, Korea,
and Thailand) by sector and subsector, (2) evaluate energy policies of these countries; (3)
to evaluate the extent to which energy conservation efforts could be undertaken; (4) to
estimate through quantitative analysis key income and price elasticities and to project
energy demand in the five countries; and (5) explore policy measures and technical
applications that can be implemented to use energy efficiendy in these countries. The
projections were undertaken to evaluate the importance of energy demand in these
countries under several scenarios, and to identify measures that might be taken to enhance
energy conservation. For the energy demand projections, a small computer model was
built for each country to assess demand in 10 to 12 years.

The first chapter of this study reviews recent developments in energy supply and
demand in Asian developing countries, widt a focus on the five major countries, including
a brief description of energy reserves, energy trade and production, and energy
consumption by sector. A review of energy policies is given in Chapter 2. Chapters 3, 4,
and 5 eatamine energy efficiency and conservation potential in the industrial.
transportation, and household sectors, respectively. In the industrial sector, four energy-
intensive industries-iron and steel, fertilizer, cement and paper and pulp-were examined.
Chapter 6 examines thermal efficiency and transmission and distribution losses in the
electric power sector. Chapter 7 provides a description of the computer models used to
project energy demand through 2005, and their simulation results under several scenarios

2



are given. Tbis chapter also gives a rough quantitative evaluation of energy saving that

could be achieved through conservation efforts. Concluding remarks are given in Chapter

8.
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I
RECENT DEVELOPMENTS IN ENERGY SUPPLY AND DEMAND

iN ASIAN DEvELOPiNG COuNTREs

OVERVIEW

Historically, industrialized countries have dominated global energy on

However, this situation is changing. Developing countries have continued to industializ,

whereas the indust countries have gradualy shifted toward greater production of

services. As a result, developing countries are consuming more energy than cver before
Conversely, industriaized countries are maintaining low growth rates of energy

consumption. The share of developing countries in world energy consumption is expected

to increase substantially.

As shown in Figure 1.1, energy efficiency in most developing counties is low

compared with that of industrialized countries.' The high economic growth rate forecast

for many developing countries, coupled with their present high enery intensity, mplies a

large increase in energy consumption. Envirommental issues related to energy

consumption, which are now being debated in indusialized countries, wil soon be much

higher on the policy agenda in developing countries as well.

This chapter analyzes energy demand and supply in China, India, Indo a, Kaorea,
and Thailand. It also discusses some salient features of energy demand and supply, and

recent structural demand changes, in these countries.

1 Althoough GDP in USS is used to calculate energy ineities in Figure 1.1. currency exchang rates ued
to express GDP are sometims miskading. This is because cunency exchange rates ar ofhen affd by
financial marktcs and trade policies. Another way to esfimate energy intensity is to use purchasig pow
part (PPP). For example, per capita PPP of China was US$1,950 in 1990, which was 5.6 timns as high
as per capita GDP (US$349). If this PPP is applied to calmlat Chinas energy intensity, the intlnity
declines from 2.65 kgodUSS to 0.47 kgoe/US$. which is between that of India and that of lndwesia.
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Figure 1.1: Primary Energy Consumption per US$ GDP, 1950 and 1990
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Primy Eneg Cosumption

The developing counties' share of global primary energy consumption has been
inreasmig steadily because of their higher growth of economic development. The icea
in energy consumption in Asian developing countries is especialy marked. Their share of
global primary energy consumption reached 15 percent in 1990, an increase of 7
percentage points over the past two decades (as shown in Table 1.1). China, India,
Indonesia, Korea, and Thailand together account for over 80 percent of energy

consumnption by Asian developing countries and almost one-third of all energy
consumption in non-OECD countries. During the 1980s the growth rate of primary
energy consumption in the Asian developing countries was 5.5 times higher than that of

the OECD countries.
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Table 1.1: Global Primary Energy Consumption
(million tons of oil equivalent)

Prima,"' Enerav Consum twn Annual Growth Rate
1970 1980 1990 1970-80 1980-90

World total 4.871 100% 6.458 100% 7.732 100% 2.9% 1.8%
OECD 3,159 65% 3,658 57% 4,026 52% 1.5% 1.0%
Non-OECD total 1,712 35% 2.801 43% 3.706 48% 5.0% 2.8%
Non-OECD Europe 984 20% 1,482 23% 1,675 22% 4.2% 1.2%
Other non-OECD 728 15% ,319 20% 2,031 26% 6.1% 4.4%
of which: Asia 389 8% 712 11% 1.196 15% 6.2% 5.3%

Source: BP Statistics

Energy Trade

Although the developing countries as a whole provide much of the worlds energy
exports (i.e., 75 percent of the world's crude oil exports and 30 percent of global coal

exports), energy exports by the Asian developing countries are small except for exports of
coal from China and exports of oil and natural gas from Indonesia (see Tables 1.2 and
1.3). As a group, the Asian dev-loping countries are net energy importers. The ratios of
imports to exports in 1990 were 1.2 for crude oil, and 1.7 for coal.

Table 1.2: World Crude Oil Trade
(million tons)

_________ _________ _________ 1960 1970 1980 1990

High-income countries 69.8 79.3% 79.5 73.1% 186.8 79.0% 252.5 72Z2%
of which: OECD countries 69.5 79.0% 79.5 73.1% 116.7 78.9% 239.1 683%
non-OECD countrics 0.3 0.3% 0 0.0% 0 0.0% 13A 3.8%

Low-middle income countries 18.2 20.7% 29.3 26.9% 49.7 21.0% 97.4 27.8%
ofrwhich: Asia-Pacific 0.9 1.0% 1.1 1.0% 12.1 S.1% 41.5 11I.9*

TOTALWORLD 88.0 100* 108.8 10D% 2365 S IO% 349.9 lC0%

Eqw

OECD cntres 63.2 62.1% 101.1 62.89 160.1 700% 243 70.3*
Inow-iddle income counuics 38.6 37.9% S9.8 37.2* 68S 30ao% 102.8 29.796
orwhich. Asia-Pacific 3.5 3.4% 3.1 1.9* 6.9 3.0% 23.7 6.9%

Wodd 101.8 100.0% 160.9 100.0% 228.6 100.0% 345.8 100.0%
Noae: Inports arm not consistent with exports due to statistical eros.
Source: UN
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Tabb 13: World Coal Trade
(million tons)

1960 1970 1980 1990

rlgh-iuch4 eounuuies 69.8 79.3% 79.5 73.1% 186.8 79.0% 252.5 72.2%
ofwhkich OECD counies 69.5 79.0% 79.5 73.1% 186.7 78.9% 239.1 68.3%
non-OECD coumda 0.3 0.3% 0 0.0% 0 0.0% 13.4 3.8%

Low-nuddle incom counra 12 20.7% 29.3 26.9% 49.7 21.0% 97.4 27.8%
odwhich: Asia-Plcific 0.9 1.0% 1.1 1.0% 12.1 5.1% 41.5 11.9%

TOTAL WORLD 88.0 100% 108.8 100% 236.5 100% 349.9 100%
Exp0

OECDcmuntries 63.2 62.1% 101.1 62.8% 160.1 70.0% 243 70.3%
Law-middle income comutim 38.6 37.9% 59.8 37.2% 615 30.0% 102.8 29.7%
of which: Asia-Pacific 3.5 3.4% 3.1 1.9% 6.9 3.0% 23.7 6.9%

WUdd 101.8 100.0% 160.9 100.0% 228.6 100.9% 345.8 100.0%
Note: hIn are not consistent with expons due to statistical arors.
Sowce: UN

Fin Energ Corfnmptln

Although the growth rates of final energy consumption2 of the five Asian countries
are generally high compared with those of the ind lid countries, there are large
differences among them (see Table 1.4). The high growth rates of Thailand, Korea, and
Indonesia are attributed to their successful m nizaion and industrialization. The
growth rates of India and China are lower than the other thee. As discussed below, the
reason for the difference is that the economic growth rates of China and India were lower
in the last two decades (see Table 1.5), and energy intensity in relation to GDP has
ncrased significantly in China from a low base. A prominent feature of energy
consumption in these countries is rapid increases in the use of electricity and motor fuels.

2 Te lemn 'finud aeaeY consnptioit mes energy first consmwed in final energy consumpfion sectrs.
Electricity in final energy consumption means purchased elclricity and excludes electricity supplied by
self-generan Eergy consumed by self-generation is included in fues of final enrgy consumption.
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Table 1.4: Final Energy Consumption In Selected Countries, Selected Years
(million tons of oil equivalent)

1971 1980 1985 1990 Annual Growth Rae
'71-'80 '80-'8S '85-R9

China na 323 413 512 na 5.0% 4.4%
India 53 75 98 125 4.0% 5A% 4.9%
Indonesia 6 20 23 34 13.4% 3.3% 7.7%
Korea 14 34 43 71 10.4% 4.6% 10.6%
Thailand 5 9 12 21 6.4% 4.9% 12.1%
Germany 226 260 259 251 1.6% -0.1% -0.6%
Japan 213 248 252 296 1.7% OA% 3.3%
USA 1.235 1.319 1.277 1.370 0.7% -0.6% 1.4%

Source: LBL IEA.

Table 1.5: GDP Growth Rates 1970-80 and 1980.90
(percent per annum)

1970-80 1980-90
China 5.2 9.5
India 3.4 5.3
Indonesia 7.2 5.5
Korea 9.6 9.7
Thailand 7.1 7.6

Source: World Bank

Energy Price Regulation and Price Elasticity of Energy Demand

Energy prices in the five counties are regulated and subsidized to vaying degrees.
The degree of price regulation varies because of differences in energy policies. Energy
prices in China are stll substantially regulated although the government has announced
that it will liberalize energy prices and cease subsidie'f by 1995. India has consistty
sought to alleviate the financial burden of energy costs on consumers. Indonesia
deregulated its energy pricing policy after the second oil shock in 1979. Korea and
Thaiand have liberalized the prices of oil products.

Although market forces have not always been alicwed to influence eneW demand,
price responses can be observed in the data on final energy consumption (a detailed
discussion is found in Chapter 7).
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Industrial sector. In India, Korea, and Thailand large price elasticities and

substantial cross-price elasticities have been observed in some industries. However, other

industries (e.g., machinery fabrication in Thailand) have shown a large increase in energy

use even when energy prices were increasing. This has been most probably due to a

change in the structure of the industries from labor-intensive to energy- and capital-

intensive.

Transportation sector. Diesel oil is extensively used in freight transportation,

and shows low price elasticity. Conversely, the demand for gasoline is expected to be

more price-elastic than the demand for diesel oil. Except in Korea, however, the price

elasticity of gasoline demand in the other four countries during the 1980s is not observed.

CHINA

The two most prominent features of energy supply and demand in China are

China's heavy dependence on coal and the industrial sectors dominance in final energy

consumption.

During the past decade there was substantial growth of energy consumption in

most sectors, while at the same time energy intensity declined. However, China's energy

intensity rnains higher than that of the industrialized countries and of most developing

countries. This implies considerable scope for energy conservation.

Energ Reserves

China's coal reserves are the third largest in the world, behind the Unites States

and the former Soviet Union. Reserves of fluid hydrocarbons, however, are limited.

Proved reserves of fossil fuels at the end of 1992 included:3 114.5 billion tons of coal,

which accounted for 11 percent of the world total;4 24 billion barrels (3.2 billion tons) of

oil, which accounted for 2.4 percent of world reserves; and 49.4 trillion cubic feet (1.4

trillion cubic meters) of natural gas, which accounted for 1 percent of global reserves.5

3 BP sttistics.
4 The Ministry of Energy, estimated that China had 4 trillion tons of in-place coal reserves and 902 billion
oss of proved and recoverable reserves as of 1990.
5 P staStics.
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Energy Supply

Primary energy supply. Total primary energy supply (TPES) in China increased
from 422 million tons of oil equivalent (toe) in 1980 to 686 million toe in 1990, a growth
rate of 5.0 percent p.a. Raw coal took a 76 percent share of TPES in 1990, whereas
crude oil took only a 17 percent share.6 Natural gas and hydropower were minor
contributors.

Energy trade. China has been consistently self-sufficient in energy. Although
energy exports have tended to decline and energy imports have substantially increased
since the mid-1980s, energy exports are still much larger than energy imports (see Figure
1.2). Crude oil accounted for 58 percent of all energy exports in 1990, while coal
accounted for 27 percent. Crude oil was mainly exported to Japan and other Asian
countries. Crude oil production will not increase unless new oil fields are developed. Oil
imports increased after 1989, and oil imports and exports were almost evenly balanced in
the fourth quarter of 1992. The government, subsequently, announced that China would
be a net importer of oil in 1994. Coal exports, on the other hand, have isen sharply since
1986. China is expected to be a net exporter of energy for several years to come, due to
its strong performance in coal production.

Figure 1.2: China: Energy Imports and Exports
million t
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Secondary energy production. China's secondary energy production is as
follows:7

(a) Electricity Generation: Total installed generating capacity increased from 65.9

million kW in 1980 to 137.9 million kW in 1990. Thermal power constituted 74

percent of total capacity, and hydro contributed the remainder. Total electricity

generated in 1990 was 618 billion kWh. Therrnal power accounted for 80 percent

and hydropower 20 percent. Coal was the main thermal power source, accounting

for 86 percent of total fuel used.

(b) Oil Refining: Total crude distillation capacity increased from 1,900 thousand

barrels per day (bpd) in 1980 to 2,200 thousand bpd in 1990.9 Meanwhile, the

composition of refinery output changed significantly. To meet the growing

demand for transportation fuels, the product mix shifted from heavy distillates to

light distillates, and the operating ratio9 increased from 83 percent in 1980 to 93

percent in 1990.

Final Energy Consumption

China's total final energy consumption (TFEC) in 1990 was 616 million toe,
indicating a growth rate of 5.1 percent p.a. between 1980 and 1990. The industrial sector

accounted for 65 percent of TFEC (the highest among the five Asian countries); the
transportation sector held an 8 percent share; and the household/commercial sector, a 22

percent share. This composition by and large has been constant over the past ten years.10

Industral sector. Although coal is the main fuel used in the industrial sector, the

consumption of electricity has increased sharply in recent years.

As shown in Figues 1.3 and 1.4, energy intensity declined during the 1980s in all

industries except mining. This trend was more obvious in the consumption of fossil fuels.

The trend was due mainly to the increase in industries which produce high-value added

products although energy conservation contributed to some extent (a detailed discussion is

found in Chapter 3).

7 Asian Development Bank sources.
8 On a calendar day basis, not a stream-day basis.
9The ratio of refinery throughput to capacity.
10 Lawrce Bekeley Laboratory sources.
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Figure 13: Intensity of Eletridity Consumpti in ChInaI
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Transportation sector. Energy consumption in the transportation sector grew

rapidly through the 1980s, mainly in road transport, whose energy consumption grew at

7.4 percent p.a.. Rail transport use grew at only 2.3 percent p.a., showing a modal shift

from rail to road transport. Road transportation accounted for 48 percent of total energy

consumption in the transportation sector, rail 34 percent, and inland waterways and

airways the rest. A noteworthy change during this period was the substitution of coal by

diesel oil and electricity in rail transport.

Household/commercial sector. Although coal is the main energy source used in

the household sector, higher living standards have made electricity the preferred source.

Hence, demand for the electricity in households should continue to grow.

Oil products are the main energy source for the commercial sector, but their share

of total energy consumption fell during the 1980s and the early 1990s. The growth of

energy consumption in the commercial sector was mainly due to growth in electricity

consumption, which increased at a rate of 15 percent p.a. during the 1980s.

INDIA

Since India's oil self-sufficiency is approximately 60 percent, India has substituted
indigenous energy sources for oil. The most important indigenous source is coal, which

supplies over one half of primary energy. Although domestic efforts to increase

production of natural gas were strengthened in the early 1980s, natural gas did not play a

major role in primary energy supply by 1990.

Although coal is the most important source of energy in terms of share of final

energy consumption, its share has been decreasing. Notable features of final energy

consumption are the following:

(a) a shift from coal to natural gas and electricity in the industrial sector,

(b) a shift from coal to diesel oil in rail transport; and

(c) rapid electrification in the household sector.
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Energy Reserves

India is richer in coal reserves than in fluid hydrocarbons. Proved reserves of fuil

fuels at the end of 1992 included'3 62.5 billion tons of coal, or 6 percent of total world

reserves, 6 billion barrels of oil (800 mrllion tons), and 25.9 trillion cubic feet of natual

gas (0.7 trillion cubic meters).'4

Energy Supply

Primary energy supply. TPES increased from 94 million toe in 1980 to 179

million toe in 1990, giving a growth rate of 6.6 percent p.a. Coal accounted for a 57

percent share of TPES, and oil (including oil products) a 33 percent share. Natmal gas

grew from a 3 percent share in 1985 to a 6 percent share in 1990.

Energy trade. In 1990, imports of crude oil accounted for about 40 percent of
total crude oil supply, and imports of oil (including oil products) accounted for 16 percent

of TPES. Although the discovery of the Bombay-High oil fields reduced dependence on

imported oil during the 1980s, oil imports have been rising since the oil price colLapse in

the mid-1980s. The government began deregulatng imports of some refined oil products

in 1983.

Secondary energy production. Secondary eneWr production grew as folows:I5

(a) Electrcity Generation: Total installed genemting capacity increased from 30.2

nillion kW in 1980 to 67.4 million kW in 1990. Thermal power plants accounted

for 70 percent of this capacity in 1990, with hydropower accounting for 28 pecMnt

and nuclear fuel 2 percent. Total electricity generated in 1990 was 255.8 billion

kWh, with themlal plants supplying 76 percent; hydro 22 percent; and nuclear 2

percent. Coal accounted for 85 percent of the fuels consumed by thmal power

plants in 1990.

(b) Petroleum Refining: In 1990, total crude disilaion capacity was 997 thousand

bpd, an increase of 60 percent since 1980. Middle dstillates product!; inceaed

13 BP Statistics.
14 The government's Planning Commission has pubrshed esimated proved and recoverae rcmr a
follows: coal-56 biflion tons; crude oil8S0 milion tons; and natural gas-710 billion cubic meter.
15 Asian Development Bank souces.
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from 50 percent in 1980 to 58 percent in 1990, whfle production of heavy
distiDates decreased from 32 percent to 25 percent.

Final Enery Conmption

India's TFEC was 125 million toe in 1990, mainly consumed in the industrial sector
(58 percent of TFEC), followed by the transportation sector with 21 percent and the
household sector with 13 percent. Although coal and oil products are now consumed in
the same proportions and dominate energy use in final energy consumption, the share of
coal has gradually fallen while the shares of oil and electricity have grown.

Industldal sector. India's industrial sector depends more heaivily on coal than
other sectors do. Two-thirds of the sector's energy requirements are now supplied by
coaL However, coal's share has declined, while the shares of natural gas and electicity
have grown stadily. Figure 1.5 shows the rapid growth in electricity consumption as
industries have modernized. Total energy intensity with respect to GDP in this sector

lined at an average amual rate of 23 percent during the 1980s.

Figre 15: Energy Intensity in bIdia's Industrial Sector
between 1981 and 1989
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Trnsportation sector. A shift from coal to diesel oil in rail transport and the
rapid growth of road transport have increased the consumption of oil products, which now
accounts for nearly 90 percent of energy consumption in this sector.

Household sector. Coal use in the household sector has become negligible. In
this regard India is very different from China, where coal is still a very important energy
source in this sector. Energy is now predominantly supplied in the form of oil products
and electricity.

INDONESIA

Indonesia is the only major oil and gas exporting country among the five countries.
However, its capacity to export oil has been declining in recent years. The government
promoted the substitution of natural gas for oil in the industrial sector during the 1980s,
and it also placed a high priority on the use of domestic coal, which is expected to be a
major source of electric power beyond the year 2000.

Energy Reserves

Indonesia has an abundance of energy reserves, both fluid hydcbo and also
coal. However, its proven oil reserves have not grown as fast as production, and its
reserves to production (R/P) ratio was about 10 years in 1992. Proved reserves of fossil
fuels at the end of 1992 were as follows:16 5.8 billion barrels (800 m ion tons) of crude
oil, 64.4 trillion cubic feet (1.8 trillion cubic meters) of natural gas, and 32.1 billion tons of
coal, which accounted for 3.1 percent of world reserves.17

Energ Supply

Primary energy supply. TPES in Indonesia increased from 25.2 million toe in
1980 to 47.0 million toe in 1990. Indonesia produced more than 1.6 tmes its domesc
requirements of prnmay energy in 1990. Although crude oil and natural gas made up the
bulk of its primary energy production, oil production capacity seems to have passed its
peak. Conversely, coal production has inreased since the mid-1980s

IBP tatiscs.
7 BP satiscs.
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Energy Trde. Although Indonesia maintained oil production at a fairly steady
Level during the 1980s, oil exports gradually declined. The ratio of exports to production
fei from a peak of 87 percent in 1983 to 52 percent in 1990 (see Figure 1.6). Indonesia is
expected to cease oil exports after the year 2000.

Figure 1.6: Crude Oil and NGL'" Production and Exports in Indonesia, 1980.90
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Secondary ener production. Indonesis capacity to produce secondary energy
is as follows: 19

(a) Electricity Generation: Total installed generating capacity tripled durn the
1980s, reaching a level of 9.2 million kW in 1990. Some 76 percent of the
capacity in 1990 was composed of thermal power plants, with hydropower plants
accounting for 23 percent and geothermal power plants 1.5 percent Total
electricity generdted was 34.9 biion kWh, 80 percent of it from themnal plants, 16
percent from hydropower plants, and 3 percent from geothermal plants. Oil and
coal were the main fuels for therm power, oil held a 54 percent hare of total fuel
consuned in 1990 and coal a 42 percent share.

(b) Petroleum Refing: Total crude distillaton capacity doubled from 393 thousand
bpd in 1980 to 814 thousand bpd in 1990. Refinery output during the 1980s did

18 NaltrI Gas Liquid (atuhal gasoline).
19 Asui Develpment Bank SOures.
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not change markedly, although a slight shift was observed in the product mix from
heavy distillates to middle disdillates. In 1990, total refining output was 749
thousand bpd, of which light distillates accounted for 17 percent, middle distillates
43 percent, and heavy distillates 40 percent.

Final Energy Consumption

TFEC in Indonesia was 33.7 million toe in 1990. Final energy consumption among
the major sectors was fairly evenly balanced. The industrial and the transport sectors
consumed roughly the same amount of energy, 34 percent and 33 percent respectively,
while the household/commercial sector took a 24 percent share. However, energy
consumption in the transport and the commercial sectors has been growing more rapidly
than in the industrial sector.

Industri sector. Natural gas has increased in importance as an energy source,
substituting for oil products. Coal and electricity, which provide the smallest shares of
energy for this sector, have been growing the fastest. Consumption of coal has grown
about 20 percent p.a., and 10 percent p.a. electricity during the period 1980-90.

Transportation sector. The transportation sector depends almost exclusively on
petroleum products, i.e., gasoline and diesel oil. Giveir the high growth rate of energ
demand and the rigid structure of energy use in the transportation sector, it would be
difficult to achieve energy diversification in this sector.

Household Sector. Oil products dominate energy use in the household sector.
However, the growth rates of electicity and coal consumption are several times as fast as
that of oil products.

KOREA

Over 90 percent of Korea's energy supply is imported. Althougb Korea produces
some coal (anthracite), extaction costs are high. Korea has promoted energy
diversification since the oil crises of the 1970s. In the electric power sector, nuclear
power has been given fist priority. The use of liquefied natual gas (LNG) was
introduced in 1986.
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Energy diversification and energy conservation are important components of
Korea's energy policy. However, energy intensity in the industrial sector has been
increasing since the oil price collapse in the mid-1980s. Electrification in both the
industrial and the household sectors has been progressing, and this will be an important
factor affecting energy demand and supply in the future.

Energy Reserves

Korea is poorly endowed with energy resources. The only resource available in
any quantity is coal, mainly anthracite; proved reserves were estimated at 203 million tons
at the end of 1992.20

Energy Supply

Primary energy supply. Korea's TPES increased from 41.4 million toe in 1980
to 92.4 million toe in 1990, a growth rate of 8.4 percent p.a. In 1990, coal provided 26
percent of TPES, oil 55 percent, nuclear 15 percent, and LNG 3 percent.

Energy trade. Korea depends heavily on imported oil and coal. Indigenous coal
and hydropower accounted for only 9 percent of TPES in 1990.

Secondary energy production. Koras capacity for secondary energy
production is as follows:2'

(a) Electricity generation: Total installed generating capacity increased 2.2 times
between 1980 and 1990, from 9.4 million kW to 21.0 million kW. Nuclear power
plants, commissioned in 1978, accounted for 36 percent of total installed capacity
in 1990, themm power accounted for 53 percent, and hydro 11 percent. Total
electricity generated in 1990 was 107.7 billion kWh, of which 49 percent was from
nuclear power plants, 45 percent from thennal power plants, and 6 percent from
hydropower.

(b) Petroleum refining Total crude distillation capacity grew to 814 thousand bpd in
1990 from 393 thousand bpd in 1980. During the 1980s, the yield of refinery
output changed slightly. Heavy distiLates' share declined from 44 percent to 40

20 BP statistics.
21Asian Dcvelopment Bank sources.
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percent, middle distillates' share increased from 38 percent to 43 percent, and light
distillates' share declined from 19 percent to 17 percent

Final Energy Consumption

In 1990 TFEC in Korea was 70.5 milion toe. TFEC grew at the rate of 7.6
percent p.a. between 1980 and 1990, while GDP grew 9.3 percent p.a. Only the
transportation sector grew faster than GDP. In 1990, the industrial sector accounted for
43 percent of final energy consumption, the transportation sector 20 percent, and the
household/commercial sector, 31 percent

Industrial sector. Although coal was substituted rapidly for oil products during
the early 1980s following the second oil shock, the share of oil products has been on the
increase since 1983. Electridty's share has been increasing slowly during the past decade
(see Figure 1.7).

Figure 1.7: Final Energy Consumpdon in Korea's Industial Sector, 198069
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Snc 1986, energy consution in the induAstrial sector has inrae, mainly
because of the sharp decline in oil prices. Figures 1.8 and 1.9 illustate how the enarg
intensities of selected industries, decreased during the first half of 1980s but increased
agaill after 1986.
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Flgure 1.10: Final Energy Consumed In Korea's Household Sector, 1980 and 1990
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THAELAND

Thailand has a unique structure in euergy demand and supply. Unlike the other
four countries, where industry is the largest user, Thailand's transportation sector, whicb
depends mainly on gasoline and diesel oil, holds the largest share in final energy
consumption. For this reason, Thailand's dependency on imported oil remains large,
accounting for over 70 percent of TPES in 1990. To reduce oil dependency, energy
diversification has been promoted through the development ot indigenous natural gas and
lignite supplies. The incrase in gasoline and diesel oil consumption in road transport is
the main driving force increasing oil demand.

Changes are in process, however. Electricity and coal are being substitut for oil
in the industrial sector. Consumption of electricity in the household sector has shown the
fastest growth rate in final energy consumption, and this trend is expected to continue.
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Energy Reserves

Reserves of fossil energy in 1991 were as follows:22 35.4 million barrels (4.8
million tons) of crude oil, 8.5 trillion cubic feet (240 billion cubic meters) of natural gas,
and 891 million tons of lignite.23

Energy Supply

Primary energy supply. TPES in Thailand increased from 12.2 million toe in
1980 to 29.6 million toe in 1990, giving a growth rate of 9 percent p.a. Through the
developmnt of natural gas, oil, and lignite, indigenous energy production has grown
rapidly. Those indigenous sources provided 37 percent of TPES in 1990. Oil, however,
still holds a 71 percent share of TPES. The shares of natural gas and coal, mainly
indigenous lignite, were 12 percent and 16 percent in 1990, respectively.

Energy trade. Thailand depends heavily on imported oil, which accounts for 63
percent of TPES. In 1990 Thailand imported 18.7 milion toe of oil, of which oil products
accounted for 7.7 million toe.

Secondary energy production. Thailand's capacity for secondary energy
production is as follows:24

(a) Electricity generation: Total insalled generating capacity increased from 3.45
mllnion kW in 1980 to 8.72 million kW in 1990. Thermal power constituted 74
percent of total capacity, and hydro the remainder. The total electricity generated
in 1990 was 44.1 billion kWh, with 89 percent supplied through thermal power
and 11 percent through hydmpower. The sbares of fuel consumed at thermal
power plants in 1990 were as follows: natural gas, 50 percent; oil, 30 percent; and
coal, 20 percent.

(b) Oil refining: Total crude oil distillation capacity incrased by about 25 percent
fron 1980 to 1990, increasing from 176 thousand bpd to 221 thousand bpd. This
was insufficient to meet domestic demad and the self-eLaace ratio was 58

22 Government of lhailand.
23 lhe figures for oil and natural gas are deemed to be the total of proven and possible reserves. he
figure for coal is proven reserves.
24 Asian Develpmen Bank sources.
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percent ii 1990. The composition of refinery output shifted strongly to light

distillates (gasoline) during the decade. Refinery output in 1990 was light

distillates 45 percent, middle distillates 27 percent; and heavy distillates 28 percent.

Final Energy Consumption

In 1990 Thailand's TIEC was 21.3 mifllion toe. The composition of final energy

consumption was the following: industrial sector, 25 percent; transportation sector, 54

percent; and household/commercial sector, 12 percent.

Industrial sector. Although the consumption of oil products has been increasing,

their share in TIEC decreased steadily during the 1980s as the shares of electricity and

coal (domestic lignite) increased. (see Figure 1.11) The use of electricity increased mainly

because of expansion in machinery and fabrication industries.

Figure 1.11: Final Energy Consumption in Thailand's Industrial Sector, 198090
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Transportation sector. The transport sector depends completely on petroleum

products, ie.. gasoline and diesel oil.
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HousehoWd/conmmereolr sector. The use of commercial energy has grown rapidly,

replacing non-commercial biomass. The growth rate of energy consumption in this sector

is the fastest of all fiual energy consumption sectors.
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2
ENERGY POLICY

OVERVIEW

Many developing countries adopted supply side energy policies, which regulated
energy development, supply and distribution through the use of trffs and quotas. Wbhe
those policies contributed to industrialization and modernization in the early stages of
development, they caused many problems in later stages, including the following:

(a) energy shortages, because energy demand tended to increase much more rapidly
than energy supply. Low energy prices, coupled with increasing energy
consumption, caused financial problems in energy supply industries;

(b) efforts to conserve energy and improve effiiency were unsuccessful because
energy could be purchased at prices below its true value; and

(d) environmental problems, such as those arising from acid rain, particulate matter,
and CO2 emissions.

In the 1980s and early 1990s the govenments of the five Asian countries began
shning from control of energy supplies and pnces to diversification and consevation of
energy use though market nechanisms. Progrsses along these lines have varied from
country to country.

In Korea and Thailand, where petroleum is the main source of energy, the prices of
most oil products have been fully liberalized. The govemments of these countres hav
also started energy conservation programs, incuding such measures as energy audits,
technical assistance, research and development, and financial incentives (e.g., low intesest
rate loans and favorable taxation levels). China initialized an aggrssive policy of
libealizadon in mid-1980s. It is expected to finalize lirazing most consumer procs by
1994. India has an energy conservation policy, but it also has a contradictory policy on
pnces based on a cost-plus formula or social pnce subsidies. Some of the policies have
hampeed efforts to improve energy efficiency, while others have facilitated ints
in energy use. These issues are covered below.
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CHINA

Characteristics of Energy Udlization

China's pattern of energy consumption is quite different from that of the other four
countries. It relies primarily on domestic energy resources and is one of the few countries
in the world where coal is the principal energy source. In 1991, coal accounted for three-
fourths of total primary energy consumption. Traditional energy is also important. In
rural areas, biomass accounts for about 80 percent of energy consumption in the
household sector. Energy consumption per capita is approximately one-sixth that of the
OECD countries, I while energy consumption per dollar of GDP is more than ten times as
much.2

Although the government has promoted energy conservation and has accelerated
the supply of energy through the use of market mechanisms, energy use is still inefficient
compared with that in industrialized countries. The main reasons are the following:

(a) High dependency on coal. The average thermal efficiency of the coal boilers used
in the industrial sector is estimated at 50 to 60 percent, while the efficiency of the
oil and gas boilers used in industrialized countries is 80 to 90 percent. The thermal
efficiency of coal stoves used in the household sector is estimated at only 20 to 25
percent. That of modern gas stoves is in the range of 55 to 60 percent.

(b) Inefficient indusr. The industnal sector has been growing rapidly, and its share
of final energy coni'Emption in 1990 was 64 percent. But the sector has a high
energy intensity because most industries are still using old equipment in smaller
plants that preclude economies of scale. The amount of energy required to
produce a unit of steel, cement, ammonia, or paper is considerably more than what
is required in industrialized countries (sometimes twice as much).

(c) Incomplete price liberalization up to now. Although the govemnment decided to
liberalize most energy prices at consumer levels, mixed price formulas continue to

lIn 1990 China's prinmary energy consumption was 864 kgoe, while the OECD country average was 5,179
kgor-
2 China7s energy intensity (unit of energy useIUSSGDP) in 1990 was 2.65 kgoeiUSS; the OECD average
was 0.25 kgoeUSS.
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exist during the current transitional period. Up to the early 1990s, the period on

which this study focused, energy prices were so low that enterprises had little

incentive to try to conserve energy. Low prices also constrained the development

of new energy supplies. Lack of capital prevented energy producers from

expanding production.

Energy Policies In General

China is a large country, and its population (1.14 billion in 1991) is projected to

grow 0.6 percent p.a. during the next two decades. Given this population growth and

industrialization-modernization trends, energy demand will increase substantially. Fmal

energy demand is expected to expand 2.6 times from 1990 to 2005, at an average growth

rate of some 6.5 percent p.a.

The govermment of China has set the following energy objectives for the period up

to the year 2000 [GOC 1992]:

(a) maximize efforts in both energy exploration and energy conservation;

(b) inarase energy supplies through oil and gas exploration/development, and

hydropower and nuclear power development;

(c) subsdtute coal for oil;

(d) rationalize energy prices;

(e) encourage energy conservation by strengthening energy mana nt, pomoing

enery saving technology, and developing cogenerion

(f) strengthen the energy industries;

(g) expedite the construction of energy distribution systems in rural areas;

(h) promote technologies to raise efficiency in both the production and use of energy;

(i) alleviate atmospheric pollution in urban areas caused by coal combustion and

alleviate the deteriorating ecology of rural areas caused by biomass ener

consumption.

These objectives genUaly appear sensible, but many obstaces wi hamper

progress. China has 23 prvinces, 5 autonomous regions, and 3 m alities, and the

structre of energy supply, demand, distnbution, and prcing differs significanty from one

region to another. Consequently, poLicies to promote these objectives are not consistent.

and the degree of interest in resolving energy issues also differs as well.
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Energy Conservation Poliies

Energy shortages and substantial energy losses have been crucial issues for China's

policymakers during the past decadc. As part of the economic reforms introduced in the

1980s, the government carried out the following energy conservation measures [Wu and

Wei 1991]:

(a) established energy conservation departments at various levels of govemment and

in large- and medium-size enterprises;

(b) published and distributed instructions on how to conserve electricity and fuels;

(c) collected data on energy consumption by China's major industries;
(d) enacted regulations for energy conservation management;

(e) spread technology and programs to save electricity, oil, coal. and water in the

industrial sector;

() adopted policies which reward energv conservation and punish energy waste;
(g) gradually adjusted energy prices to encourage conservation;

(h) developed a set of technical criteria for project design targeted at increasing energy

conservation.

Primaiy energy intensity with respect to C-DP declined by 3.8 percent p.a. from

1980 to 1990. This resulted from improvements in energy saving and from increases in

the added value of products. In spite of China's energy saving efforts, there is, however,

much room for improvement (see detailed discussion in Chapter 3).

Energy Pricing Policies

Energy price reform has proceeded steadily during recent years, resulting in

substantial increases in real energy prices. The government has declared its commitment

to abolish low, in-plan prices for all the chief forms of energy by the end of 1995, with the

exception of a few consumer categories (e.g., ammonia-based fertilizer producers). The

country is now in the process of completing this transition to market-driven prices. As of

1994, average consumer energy prices were already close to the economic costs of supply

in most cases. In 1993, when fieldwork for this study was undertaken, prices were as

follows:
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Pridng of coal. In 1993 the planned price, which covered about 70 percent of the
coal supply in the late 1980s, covered an estimated 30 percent.3 In 1994 all coal pices
were liberalized.

Pridng of oDl. In 1993 the sales volume of crude oil was approximatey 130
million tons. The "high level" planned price of 550 yuans/ton covered 100 million tons,
while "low level" planned price of 270 yuans/ton covered 20 million tons. Market prices
(e.g., 1,500 yuans/ton in Shanghai) were paid for the remaining 10 million tons.4

In 1994 prices of oil products were generally equal to or exceeded world market
prices.

Pricing of electriity. Prices are regulated by the government, and the picing
fonnulas are complex, e.g., "catalogue" or "state base" tariff, "joint-investment" or "new
plant/new price" prices, and "additional above-quota" prices In fact, exact pricing
fonnulas throughout the counwiy are unknown. It is estimated that it will take more than
five years to reform the formulas.

Average consumer prices, however, have increased over the last ten years, and in
1993 they compared reasonably well with the long marginal cost of supply.

iNDIA

CharaterbtIcs of Energy Use

Energy consumption in India has incrased sharply. The income elasticity of
energy demand was maintained at about 1.3 during the 1980s. The two factors mainly
responsible for acceleration in the growth of energy consumption were the higher energy
intensity of India's industrial sector and the rapid growth in energy intensity in rural areas
(in both agricultural production and in rural households).

High eneg Inteniy of India's Industi sector. Aldtough the energy
intensity of Indias indutial sector decreased by 16 percent during the 1980s. it was stil
one of the highest among developing countries in 1990. In that year the inhdl sector

3 Communicion fom several of ficils of the gvment of Cina
4 Communicao from seval officials of the governent of China
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accounted for 58 percent of total final energy consumption. The factors causing such high
energy intensity and inefficient energy use were as follows (World Bank 1992]:

(a) Pursuit of economic self-sufficiency. The government has strongly promoted

energy intensive industries, such as steel, cement, aluminum, fertilizer, and
chemicals in its pursuit of industrialization and economic self-sufficiency.

(b) Use of outdated technologies. Most of the machines, equipmnent, and

infrastructure used in the industrial sector are outdated and inefficient. Although

the government has encouraged industries to develop, produce, and supply

indigenous products, there has been little incentive to make them more energy-

efficient because high import tariffs and strong regulatory controls have protected

them from international and domestic competition.

(c) High cost of improvements. To improve energy efficiency, the replacement of

capital stock, process modification, and other technological changes are necessary.

These would require large investments, however, and a scarcity of capital, the high

cost of importing new technologies, and the country's shortage of foreign

exchange hinder the introduction of energy efficient technologies. In addition,

because of growing domestic demand for industrial products, investment for

expanding production capacity is more financialy attractive than investment to

rduce costs by improving energy efficiency.

(d) Extensive use of cost-plus pricing. This pricing approach nas been widely tised in

the energy and industrial sectors, and has hampered efforts to improve energy

efficiency. Although the prices of indusil products and services have been

gradually decontrolled in recent years, public enterrises still function under an

administerd price system and thus face little market competition, intemally or

extemally. To provide some incentive to these public enterprises to incease their

eficiency, the government has introduced pricing formulas which contain rewards

for attaining energy efficiency targets and penalties for failure to do so. However,

the goverment does not have a strict policy of identifying inefficient enterprises

and still supports uneconomic enterprises through financial assistance.
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(e) Protective import tariffs. Efficiency improvements are also weakened by
protective import tariffs which raise the prices of imported products and hide the
"irrational" energy costs of indigenous products.

(f) "Balanced" growth. The government has encouraged economic activities and
established industries to distribute jobs fairly evenly across the country. In order
to do this, the govermment has had to set up extensive energy supply and
distribution systems, mainly electricity. Energy conversion losses and transmission
and distribution losses in this system are very large.

(g) Demand for middle distillates. The supply of electric power has not kept pace with
the rapid growth of demand in the industrial sector. The distribution of coal to
power plants has been hampered by the limited capacity of the railway system. In
addition, the shortage of investment funds has held back the construction of new
power plants. Therefore, the govermment has encouraged investment in captive
power generation in industries in which middle distillates are the main fiel.

Rapid growth of energy intensity In rural areas. Today, biomass (fuelwood,
crop residues, animal wastes) is esfimated to account for less than 40 percent of total
energy consumption, whereas it accounted for 85 percent at the ime of independence.
The shift from biomass to commercial energy has been proceeding rapidly in rural areas, in
prallel with modemization and urbanization, and with the pnce subsidies paid for
electricity and kerosene. These energy price subsidies arise from the government's
concem about the low standard of living in rural areas and its desire to arrest
deforestation. Tbe energy pice subsidies paid by the government have not only facilitated
the shift from biomass to commercial energy but have also promoted wasteful
consumption of electricity and rapid growth in the demand for middle distillates.

Energy Polces in General

The govemment's energy strategies reflect its concern about the scarcity of energy,
particularly oil. The primary objective of the government has been to reduce dependence
on imported oiL The strategies adopted also include energy conservation and substituton
of coal for oil. Government of the energy sector focuses on the following
objectives, some of which are conflicting [World Bank 1992]:
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(a) Reducing dependence orts: The govemment of India has allocated
one third of total Plan outlays to the development of indigenous energy resources.
Coal and coal-fired power generation have become the comerstone of energy
strategy. Technically, the oil used in power generation can be replaced with coal.
The govemment has also made a serious effort to develop indigenous hydrocarbon
resources.

(b) Allocating energy equitably. This strategy is based on two broader objectives: to
ensure the equitable development of all regions in India, and to safeguard the basic
needs of the poor. The bulk of indigenously produced energy is allocated to
states, industries, and other major users.

(c) Controlling energy industries. Since the early 1960s, the government has kept
energy production under its control. Its main objectives are to provide energy to
the industrial sector and other sectors at low prices.

Energ Coservation Policies

The government has estimated potential energy conservation in the different
sectors as follows: agricultural sector, up to 30 percent; industrial sector, up to 25
percent; transportation sector, up to 20 percent; and household/commercial sector, up to
20 percent. Although energy conservation has been hampered by several conflicting
regulations and policies (see next section), a certain amount of energy has been saved.
Some of the achievements under the Seventh Plan (1988/89 to 1992/93) were as follows
[GOI 1992]:

(a) Average fuel oil consumption in thermal power plants declined by 6.8 percent from
1988/89 to 1989/90 and by an estimated 11 percent from 1989/90 to 1990/91.

(b) Some major enterprises in the energy intensive industrial sector have reduced their
energy intensities. For example, in the period 1988/89 to 1989/90 energy
intensities were reduced as follows: the Steel Authority of India Ltd., 3.7 percent;
the Indian Aluminum Company, 1.6 percent; Hindustan Paper Corporation, 10
percent; and Coal India, 2.3 percent.
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Under the Eighth Plan (1993/94 to 1997/98), the govemment has established the
following energy conservation programs and targets:

(a) Energy programs:
- reduce technical losses in production, transportation, and end-use of energy;
- reduce energy intensities in major energy consumption sectors;
- promote energy conservation and demand side management; and
- substitute coal, lignite, natural gas, and electricity for oil in order to reduce oil

imports.
(b) Targets:

- save 6 million tons of oil products per year; and
- save an "avoided" electricity capacity of about 5,000 MW.

Energy Pricing Policies

A major obstacle to improving energy efficiency in Incdia is the government's
current approach to energy pricing. The govement has issued the following conflicting
rules for energy pricing:

(a) Cos-plus Vcn&g. This approach is still applied to the energy sector and to some
industies, and offers little incentive to enterprises to improve energy efficienqy.
Although prices in the industrial sector have been decontrolled gadually in recent
years, an "administered" pricing system is still applied to energy suppliers. which
are public enteprises that face lttle market competition.

(b) Retention pricg syst Most energy industries as well as other industries are
still using outdated technologies because they are protected from market
competition through high import tariffs and extensive regulatory controls. They
also suffer from poor management, inappropriate facility location, and raw
materials of poor quality. To ensure that the energy enterprises will survive, tbe
govemment has set a specific price, namely, a "retention" price, for its outpuxL Te
retention price permits enterprises to achit-ve a financial rate of return on capital of
12 percent after tax. In setting this pricing, the govenment established an
industry-wide average price based on past costs and a financial rate of return of 12
percent on capitaL Under this approach, the government collects taxes from

35



profitable enterprises and subsidizes high-cost enterprises. This inter-industry
cross-subsidization policy ensures that every enterprise survives.

(c) Social price subsidies. To satisfy the energy requirements of the poor, the
government has heavily subsidized energy prices and has promoted electrification
of villages. This electrification policy has been accompanied by low tariffs and
poor collection of payments from rural households. The government also
subsidizes the prices of middle distillates, such as kerosene.

INDONESUI

Characteriics of Energy Use

Indonesia has experienced rapid economic growth in recent years, and energy
consumption has also increased rapidly. Total final energy consumption increased by 71
percent over the period 1980 to 1990. During this time, consumption of oil products
incrased by 55 percent, natural gas by 100 percent, and eleetricity by 210 percent. The
pimary energy supplies are mainly oil and natural gas. In 1990, oil accounted for 68

pern and natural gas for 21 percent of total primary energy supplies [EA 1992].

Although Indonesia has exported large amounts of oil and natural gas for many
years, the rapid increase in domestic energy consumption has reduced its ability to export
ene-gy, especially crude oil. Indeed, Indonesia is expected to cease oil exports by the
early next century [Sastrohartono 19931. Almost all oil reserves are believed to have been
developed, whereas production of natumal gas is expected to increase if transmission
problems are solved The country also has large coal reserves, but tiey are not yet well
developed because they are located in remote areas and generally their quality is not high.

Energy Policies In General

Indonesia's energy policies were first introduced in the Third Five-Year
Dewlopment Plan (Replita II, 1979/80 to 1983184). The National Energy Coordinating
Board (BAKOREN) was established to coordinate energy programs at the national level.
indonesia's energy policies consist of the following four components [UN 1991]:
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(a) Energy supply intensification: encourage efforts to increase energy resours
through exploration and related activities;

(b) Energy conservation: promote efficient energy use;
(c) Energy diversification: establish more balanced energy use, considering resource

endowments; and
(d) Optimizing energy use: apply scientific methods to determine the best use of

energy.

Under the present Fifth Five-Year Development Plan (1989/90-1993/94), only
policies related to intensification, conservation, and diversification have been implemented,
as described below.

Energy Diversifica6ion Policies

To reduce Indonesia's high dependency on oil, the goverment has been
encouraging the use of coal, natural gas, renewable energies (hydro, geothermal biomass,
solar energy, ocean energy, and wind energy), and nuclear power. Coal, naual gas,
hydro, and geothermal are considered to be short- to medium-erm altematives. T'e
others are considered to be medium- to long-term altematives.

Diversification of energy use has been proceeding steadily. The share of oil in
pnmary energy supply decreased from 84 percent in 1980 to 68 percent in 1990 MEA
1992].

Energy Conservation Policies

Although energy conservation programs have not been as successfil as other
energy programs, such as exploration and development, the government has implemt
several conservation measures, including the following: (a) the Directorate General of
Electric and New Energy in the Ministry of Mines and Energy di s information on
conservation technologies and provides guidance to entprises interested in eny
conservation; and (b) in 1987 the govemment started to promote energy saving in the
industrial sector through a special corporation, KONEBA, which has been providing
consultations, audits and instructions on energy-related matters. However, these activities
have been hampered by low energy prices and lack of financial inces to uses. In
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addition, there appears to be a general lack of technical know-how about ener
conservation.

KOREA

COmcterlstlcs of Energy Use

Rapid economic growth in Korea in recent decades has radically changed not only
in the amount of energy it consumes but also in its structure of energy supply and demand.
The total primary energy supply (TPES) has increased almost nine-fold over the last three
decades. The pattem of energy use has changed from that of an agrarian country to that
of an industrialized counLry. Firewood, for example, which made up 45 percent of the
TPES in 1964, declined to less than I percent in 1990.

Although Koreas economic structure is now similar to that of the industrialized
countries, its pimary energy consumption per GDP is considerably higher than that of the
industized countries. In 1991 it was 0.31 kgoe/US$(1991US$), whereas the OECD
aveage was 0.24 kgoe/US$(1991US$). During the 1970s the govemment's policy of
promoting heavy industries increased Korea's energy intensity. During the 1980s the

expanon of the petrochemical industry and rapid growth in the transportation sector
aised Korea's energ intensity even higher. The government has been actively promoting

eewrgy conservation and ecouraging energy efficiency.

PolUcis In General

The key objectives of Korea's energy policies are the following [EA 1992]:

(a) Energy security: increase sdf-sufficienc to reduce the county's high dependency
on imported energy, especially oil;

(b) Low cost energy: supply low-cost energy to sustain the country's economic
deveopment;

(c) Energy conservation: reduce energy consumption in order to improve energy
security; and

(d) EV t improve environ tental and safety aspects of energy use.
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Obviously, the objectives of self-sufficiency and low-cost energy are conflicting, as
are the objectives of low-cost energy and energy conservation.

Oil sector. Although the govermnent wants to reduce Korea's dependence on oil,
the country's high economic growth has pushed oil demand upward. The present policy
focus is on enhancing the country's ability to pay for the increase in oil demand and on
prepaing measures to detI with unexpected oil supply disruptions. To achieve these
policy goals, the govemmea.t has been promoting oil exploration and development,S
building up its oil stockpiles, and constructing nationwide oil product pipeine networks.

Although one of the key objectives of energy policy is energy conservation, it is
not yet reflected in actual policies.

Gas sector. To deal with environmental concerns and to promote energy
diversification, the govremment is encouraging increased use of gas in the energy sector.
The government is planning to expand natural gas pipeline networks, construct additional
LNG (liquefied natural gas) unloading faciles, and construct additional LPG (liquid
petroleum gas) storage facilities.

Coal sector. Coal policy has the following objectives:

(a rationalize the uneconomic domestic anthracite industry;
(b) expand the use of imported bituminous coal in the power and industrial sectors;

and
(c) adopt pollution control measures to protect the environment.

Electric power sector. The key government objective for the dectic utility
corporation is to supply reliable electric power at low cost. To meet the current rapid
growth of electricity demand, a sigificant expansion of power plant capacity is needed.
New electric power capacity is expected to depend on coal as well as on LNG and nuclear
fuels.

5 Me government of Komea has set a art of 10% of oil to be supplies by Korean-od companie
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Energy Conservatdon Policless

The government has identified energy conservation as one of its key objectives and
plans to expand its energy conservation activities. These activities include the following
[IEA 1992]:

(a) carry out R&D to improve energy efficiency;
(b) encourage commercial application of energy-saving technologies through financial

and tax incentives; and
(c) expand use of district heating and cogeneration.

Despite these policy objectives, the government has kept most energy prices at low
levels to maintain high economic growth and also to avoid inflation. These price policies
are not conducive to energy conservation.

Eergy Priing Polices

As stated previously, one of Korea's main energy policy objectives has been to
maintain prices at low levels to encourage its economic growth [lEA 1992].

Pricing of ol products. Up to the early 1980s the prices of all oil products were
regulated. The prices of jet fuel and solvent were decontrolled in 1983, and the prices of
other oil products were liberalized later. However, the prices of diesel oil, fuel oil, and
LPG are still subject to price controls as of 1992. These products account for about 60
percent of total oil product demand. The government sets nationwide price ceilings for
these products at three stages: refinery, wholesaler, and retailer. Oil product prices are
not directly controlled but excise taxes for oil products differ widely. For gasoline excise
tax ranges from 109 to 130 percent, depending on grade. For diesel oil the excise tax is 9
percent and for LPG, 8 percent.

The profits of the refineries are stricty regulated. The profits of the five refming
ompnies are pooled, and the overall return to net assets is not permitted to exceed 10

percent after tax. Any profit beyond this limit must either be paid to a speial government
fund or offset by reducing the prices of controlled oil products the following year. Such
profit controls discourage rcfiners from investing in the upgrading of facilities.
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Pricing of coal. The prices of imported bituminous coal are determined by the
international market. The government, however, sets a ceiling on price ises for
anthracite, which is produced domestically. The main users of anthnrcite are poor
households in remote areas, who use it mainly for home healing. The government
provides direct financial support to a govenmment-owned mining company to compensate
for income losses caused by the price ceiling.

Pricing of natural gas (town gs). To promote the use of town gas as a fuel in
the household/commercial sector, the govemnment regulates the price of natural gas. Gas
prices are based on cost plus pricing. When town gas companies want to increase prices,
they must receive approval from the govemment.

Pricing of electricity. A reliable supply of electricity at a low price is one of the
main energy policy objectives in Korea. The govermment believes that low electricity
prices for the industrial sector are essential to maintaining the competitiveness of Kowa's
industries in world markets. Electricity prices are also based on cost plus pricing and
require approval from the government. Prices vary, depending on customer classificatio
time and season of use, and level of voltage.

THMLAN

Characteristics of Energy Use

Thailand experienced rapid indusalization and economic development in the
1980s. However, this rapid development also caused energy consumption to rise. During
the 1980s the elasticity of energy demand with respect to GDP was aroumd 1.2, which is
much higher than that of industrialized countries (less than 1.0).

Features of Thailand's energy market which stand out from those of other Asian
developing countries are the following:

(a) energy supply is highly dependent on oil, which accounts for 70 percent of
energy supply;

(b) there is strong dependence on oil imports (86 percent of oil consumption is
imported); and
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(c) the transporation sector takes the largest share (53 percent) of final energy
consumption and consumes 60 percent of oil products. In the other four counlries,
the industrial sectors share is the highest [IEA 1992].

Thailand's main energy policy goal is to reduce the elasticity of energy demand
growth with respect to GDP in order to reduce its vulnerability to oil supply disruptions.

Energy Policies In General

Thailand seeks to reduce its high dependence on imported oil by improving energy
efficiency and increased use of other fuels.

Polides for Energy Conservation

The government began to implement an energy conservation program in 1982. In
addition, the National Assembly passed an Energy Conservation and Promotion Act in
1992. The government exAects that by 1998 energy conservation practices will save 23
percent of industrial energy consumpton, equivalent to 8 percent of total final energy use
in 1990.

Since 1982 the government has offered technical assistance to the industrial sector
in the following six forms: (a) energy audits; (b) technical information services; (c) energy
conservation training progams; (d) resech and developnent; (e) import duty reductions
for use of energy saving equipment; and (f) low interest rate loans for investments in
energy conservation. A total of US$3.9 million was allocated to this program between
1982 and 1993, and the program is estimated to have saved 290 thousand kilo-liters of oil
equivalent annually. However, at is quite low compared to potential energy savings of
an estimated 850 thousand kilo-liters of oil equivalent annually through economically
viable means (Teetakeaw and Viseshakl 1993].

The Energy Conservation and Promotion Act of 1992. Two types of energy
nsumers are designated under the Act factories whose energy demand is more than

2,000 kW of electricity equivalent, and buildings whose energy demand is more than 1,000
kW of electricity equivalent. These designated facdLties are required to keep records of
ener consumption, to set energy-saving targets and to submit them to the govemmenL
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Furthermore, the facilities have to save, audit, and analyze their energy use in accordance
with procedures set down by the government under the Act.

The Act offers financial incentives for energy conservation projects from an energy
conservation fund. This fund was initially financed with 1.5 billion bahts transferred from
the oil fund. The energy conservation fund also receives annual funding of an estimated 2
billion bahts from a special levy of 0.07 baht per liter collected from gasoline, diesel oil,
fuel oil, and kerosene sales. This can be used for encrgy conservation activities of the
following types in both government and private sectors: (a) promotion of energy-efficient
production; (b) energy conservation campaigns; and (c) support of R&D on energy
technologies.

The Act allows the imposition of a surcharge i"n any of the designated facilities
which fail to comply with its requirements.

Demand-side mngement program. The Energy Conservation and Promotion

Act also required the National Energy Policy Office to initiate a demand side ma nt
(DSM) program. The participants in the DSM program are the Electricity Generating
Authority of Thailand (EGAT), the Metropolitan Electricity Authority (MEA), the
Provincial Electricity Authority (PEA), the Deparmt of Energy Affais (DEA). and the
Energy Conservation Center of Thailand (BOCT). The prim objective of the program is
to promote more efficient use of electricity in order to reduce the growth rate of demand.

EGAT planned to launch a five-year DSM program at the end of 1993. EGAT
expects to save 225 MW of electricity through this program, with expenditures estmated
at 4 billion bahts. The program receives both bilatal and muliateral finanal assistance:
US$9.5 million from the Global Environmental Facility, US$6 million from the
government of Australia, and a soft loan of US$25 million from the Overseas Econonmic
Cooperation Fund (OECF) of the government of Japan. In this progm, EGAT will:

(a) provide technical asstance in load manaement for EGAT customers to reduce
electricity load. A demonstration of a thermal energy stonge facility to level out
eectricity demand is planned;

(b) promote the use of motors with higher efficiency; and
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(c) offer a rebate to customers in the commercial and residential sectors who use
fluorescent lights rather than incandescent ones, and other rebates to those in the
residential sector who use high-efficiency air conditioners and refrigerators.

Energy Pricing Policies

Except for LPG and bitumen, the prices of oil products are now determined in the
market (although they receive assistance through tariff barriers). The government
implemented price deregulation in a two-step program.

A "semi-floated" step was introduced on May 27, 1991. Except for ex-refinery
prices, prices and marketing margins were decontrolled. A "fully-floated" step was
launched in August 1991, when ex-refinery prices were also decontrolled. At the same
time, surcharges were imposed on imported oil products to protect domestic refiners.

44



3
ENERGY EFFICIENCY AND CONSERVATION

IN THE INDUSTRLAL SECTOR

OVERVIEW

This chapter discusses energy consumption, energy efficiency, and possible savings
of energy in the industrial sector. It also examines the structure and characteristics of the
industrial sector, and govermments' policies on industry and energy.

Energy Consumption in the Industril Sector

Except for Thailand, the industrial sector accounted for the largest share of energy
consumption in final energy consumption in 1990. The sector's share was especially high
in China, India, and Korea (see Figure 3.1). Energy consumption in the industrial sector in
these three countries increased rapidly between 1985 and 1990: 5.3 percent p.a. in China,
and 12.1 percent p.a. in Korea and Thailand (see Table 3.1). The ind sectors high
share and high growth rate of energy consumption was the result of both strong econoic
growth, and stable and low oil prices.

Figure 3.1: Secor t Shares of Final Emrgy Consumption, 1990
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Table 31: Annual Growth Rates of Enrg Consumpion by Sector

between 1985 and 1990

Total Final Energy Induiry 7Tsoprttion Reskiaidal

Co,ssaamptlon & Commere

China 4A% 4.9% 4.8% 3.2%
India 4.9% 4.1% 3.6% 6.4%
Indonesia 7.7% 5.1% 8.9% 6.8%
KOM 10.6% 12.1% 15.2% 5.1%
lhailand 12.1% 12.1% 13.6% 14.3%

Sourca LBI; IEA.

Energy Effidency In the Industrial Sector

The structure of the industrial sector differs significantly among the five countries.
China, India, and Korea have a wide range of subsectoral industres from heavy to light,
while Thailand has mainly promoted its assembly and fabrication industies. This chapter
focuses on the four main energy intensive industries: iron and steel, non-metallic materials
(cement), fertilzer, and pulp and paper. These energy intensive industries account for
large shares of total energy consumption in the industrial sector (see Table 3.2). They
offer great potential for improving energy efficiency.

Tabl. 3.2: Shun of Energy Intensive Industries in Total Energy Consmnpion
of Industrial Sector

Steel Non-metalic Chemkcak of which: Palp

& iron Minerao Fertizer & Paper

China 19% 19% 19% na 3;
India 30% 7% 21% na na
Indoesia 10% 11% 43% 29% 4%
Kora 24% 15% 32% na 4%
Thailand 6% 28% 10% na 3%

Somce: LBL AEEMTRAC: EA.

Ener-intensive industries Except in Korea, the energy-intensive industries
show low energy efficiency in comparison with those in industrialized countries. Energy
intensity in relation to output is much higher than in the industrialized countries (see Table
3.3).
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Table 3.3: Energy Intensity In Relation to Phydcal Unit of Output (ton or m3d-
product) In Energy Internive Industries (Average In Induuriabed Countries a 100),

1990

Iron and Steel Cement Fetilizer Pulp and Paper
China 135 170 160 160
India 140 165 160 200-500
Indonesia na 120 135 130
Korea 100 100 na 0OO
Thailand na 110-120 na 120

Source: IECCP

Except in Korea, the energy efficincy of the four industries in ftese counies can

be characterized as follows:

(a) Energy intensity is generally more than 20 percent higher at large plants, and

sometimes more than double at small plants, compared to avages in the industrial

countries;

(b) Good housekeeping and maintenance could reduce energy consumption by as

much as 20 percent; and

(c) Some revamping procedures could imprmve the energy efficiency of many medium

and large plants substantially.

Non.energy-intensdve industries. There are a vast number of non-ncrgy-

intensive industries, and their energy consumption patterns vary greatly. Moreover, the

variety of products prduced in non-energy-intensive industies can vary significatly from

one country to another, and even from one factory to another. Hence, inter-country

comparsons of energy efficiency mn these industres cannot be made easiy, whie such

comparisons in the four energy-intensive industries are easier becaus thy produce rather

homogenous commodities.

Energy intensity generally decreased during the 1980s. This appears to have been

the result of energy conservation efforts. Some industies, however, increed their

enear intensity. The machinery fabrication industry in Thailand, for example, increased

its energy intensity after thfe mid- 1980sL Analysis showed that dtis increase was caused by

a rapid switch from fosil fuels to electricity. This suggests that the industry changed fm
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a labor-intensive one to a capital-intensive one. Modernization of industrial processes
usually increases energy intensity.

Mease for Saving Energy

To improve energy efficiency, the following measures can be taken. The firt is to
improve management of plant operation, including good housekeeping and maintenance.
In most cases, this does not require large investnents. The second is to revamp old plants
by investing in plant modifications. Such actions generally pay rewards, judging from the
history of Japan's industrial sector after the oil crises. The third is to scrap existing plants
and build new ones. Although this is the best way to improve energy efficiency, it requires
a large investment that cannot be justified from an energy-saving viewpoint alone.

Poicles for Energy Saving In the Industrial Sector

Energy policies in the developing countries have generally given pi,ority to the
goal of providing a stable and inexpensive supply of energy to the industrial sector.
Although such policies succeeded in the initial stages of industrialization, they distorted
the efficient supply of energy.

If energy policies ignore efficiency in energy use, enterprises have no incentive to
consider ways to save energy. In India, for example, electricity prices are usually cheaper
than power generation costs. The average price of electricity was 8,512 rupees/ton-of-
oil-equivalent (toe), whereas the average fuel oil price was 4,070 rupees/toe. Since the
price ratio of electricity to fuel oil was only double, the electricity price was actually
cheaper dtan the fuel cost of power generation because an average efficiency of plants
using fuel oil was less than 30 percent. This results in that a company which purchases
electricity from a utility company saves more than a company which instalis its own power
generators in an attempt to save energy. Larger sales also aggravate the financial
condition of the utility company because the more electricity it sells, the larger the deficit it
incurs.

Some developing countries have changed their energy policies to make energy
prices more closely reflect the market prices. China, for example, has introduced policies
to promote investment in energy saving, including accelerated depreciation for energy
saving equipment and tax savings for investments m enery conservation. Nevertheless,
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energy-saving policies are generally stil inadequate to promote energy saving. To
encourage greater efficiency in energy use in the industrial sector, more stringent eney
conservation policies should be adopted. These policies include:

(a) setting targets for energy saving;
(b) adopting technical standards and codes that enhance energy saving;
(c) creating an institudonal body to promote energy saving at the corporate level. Its

major functions should include energy audits, the transfer of energy saving know-
how, assistance in installing energy-saving technologies, and training corporate
employees on how to conserve energy;

(d) adopting legal regulations to require energy saving and directing each entrprise to
report on its energy efficiency; and

(f) adopting finacial support for energy saving, including favorable financing and tax
policies.

THE IRON AND STEEL INDUSTRY

The iron and steel industries of the five Asian countries had a combined annal
growth rate of 6 percent during the 1980s, compared to a worldwide industry annua
growth rate of 1 percent [IrS1 1991]. Judging from the macroeconomic peromanOc f
these countnes during the last decade, their iron and steel industries will continue to grow
strongly during the 1990s. China leads the pack in both production level and growth rate.

Except in Thailand, the iron and steel industries of the five Asian countries account
for 10 percent or more of total final energy consumption. Energy conservation in this
industry could significantly affect each country's overall energy demand and envirnmntal
quality. Furthermore, higher energy efficiency would improve the industry's cost-
competitiveness because energy costs are a large share of total production costs.

Iron and Steel Production and Energ Effiency

The iron and steel industries in the five countries display a wide spemum of
technological sopistication and energy efficency. While the iron and steel industry i
Korea is similar to that of Japan, that in Cbina and India lags far behind. Indonesia and
Thadand have no blast funace (BF)-based steelworks and are not important stee
suppliers. Table 3.4 depicts crude steel production in the five couies and Japa
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Korea's is sinilar to Japan's. China and India both produce significant amounts of crude
steel by using outdated open hearth furnaces (OHFs). Neither country is heavily involved
in the continuous casting process.

China, India, and Korea depend on BF-based integrated steelworks for the bulk of
production. Indonesia and Thailand produce steel from electric arc furnaces (EAFs) by
using directly reduced iron (DRI), pig iron, and scrap. In general, the BF-based
steelworks have large capacity (average about 2 million tons/year) and produce diversified
products, while EAF-based plants have small capacity (usually in the range of 100-600
thousand tons) and produce simple products, such as rods and beams [Mody et al, 1991].
New technologies are making the EAF-based small plants competitive in costs, product
mix, and quality.

Table 3A: Crude Steel Production by Process, 1990
(thousand tons)

HOF EAF ORF Total Ratio of CC

China 39.086 14.015 13,157 66,258 22%
India 6,173 4,114 4,676 14,963 12%
Indonesia 0 2,892 0 2,892 97%
S. Korea 15,937 7.188 0 23,125 96%
TIhailand 0 900 0 900 NA
Japan 75.640 34,691 0 110,331 94%
Total Asia NA NA NA 235,310 NA

Notes: BOF - basic oxygcn furmace; EAF - eleciric arc furnace;
OHF - opan hearth furnace; CC -- continuous casting;
NA - not available.

Source: HSI 1991

China's Iron and Steel Industry

Production capacity and industry stocture. In 1990, the iron and steel
industry produced 66.4 millon tons of crude steel and rolled out 51.5 million tons of steel
mil products (SMPs). The industry also produced significant amounts of cast iron, steel
cast, and refractories. Imports of SMPs declined from a peak of 20 milion tons in 1985 to
4 milion tons in 1989. Exports of SMPs were about 2 milion tons in 1989 [IISI 1991].
China has become an important seel exporter.
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China's iron and steel industry is administered by the Ministry of Metallurgical

Industry. About 6 percent of crude steel producdon occurs in plants, prinarily foundries,

associated with other ministries. Key plants produce 70 percent of al crude steel. They

include 11 large integrated mills, 5 steel mills supplied with iron by other mills, 5 iron ni".s

(producing iron primarily for cast products), and 11 specialty mills. The largest plants and

their production of crude steel in milion tons/year were Anshan, 7.9; Wuhan, 4.6;

Shoudu, 3.8; and Baoshan, 3.7 (as of 1989). Seven other plants produced about 1.9

million tons/year each. Medium-size and small plants produce most of the rest of crude

steel.

Energy use and effidency. Total energy demand was about 72 million tons of oil

equivalent (toe) in 1990, composed of 55.6 TWh electricity and 56.6 million toe fuels.

The steel industry accounts flr 20 percent of total industrial fuel use and 14 percent of

total industrial electricity use, and is the second largest energy user in China's industrial

sector [State Statistical Bureau 1992].'

The overall energy intnsity of China's steel industry decreased from 1.43 toe/ton-

of-crude-steel to 1.13 toe/ton-of-cmde-steel between 1980 and 1990. The overall energy

iensities of this industry in Japan and the United States were 4412 and 533 kg of oil
equivaent (kgoe)yton-of-rude-steeL respectively, in 1990 [Wang 1993]. These energy
intensity figures are not comparable because of differences in production structure,

product mx and quality. A study conducted by Lawrence Berkeley Laboratory

concluded that, in 1987, adjusted industry-wide energy intensity in China was 35 percent

higher an in the United States and that the more advanced steel plants bad energy

tnsity figures that were 20 percent igr than in the United States [Ross and Liu 1991]

(see Table 3.5). These figures suggest much conservatin potential for China.

The major factors contribufing to higher energy intensity are the following:

(a) the use of inferior and outdated technologies;

(b) a smaler ratio of recycled materials to raw materials;

(c) a higher ratio of pig iron consmnption/ton-of-steel- this related to (b);

1 The stel industry is prbably dt largest energy user becaus official data on chemical industry enegy
use may include feedstocks.
2 This number differs tiam the figure calculed by the Jap an Iro1 and Steel !edatin which was 6Sa
kgoeton-of-cfde-ste This disepancy might be due to diffienm ianptas up about steel main.
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(d) a lower rate of continuous casting;
(e) a lower rate of recovery of waste heat and tail gas;
(f) a lower level of process integration; and
(g) consumption of low-gade raw materials.

As the official statistics indicate, overall energy intensity decreased because of the
decreasing share of OHFs and the increasing ratio of continuous casting. However, some
energy efficiency indicators have actually deteriorated in recent years. For example, the
industry average of coke equivalent rate (fuel used to produce pig iron) rose from 605
kg/ton-of-pig-iron to 611 kg/ton-of-pig-iron in the five years 1985-90, and the industry
average of EAFs intensity rose from 626 kWh/ton-of-crude steel to 689 kWh/ton-of-
crude-steel during the same period. The deterioration of these two indicators was caused
by the increase in production from small plants. What is worrisome is that BFs and EAFs
were operated less efficiently in 1990 than in the middle of the 1980s.

Table 3.5: Major Energy Efficiency Indicator, i990

China USA * Japan*

Coke Equivaent Rate (kg coke equiv_ton pig iron) 611 52_ 479
Average BFCapacity (cubic meters) 100 1,500 2,300
OHF Share of Crude Steel Production 20% 0 0
BOF Scrap Charge, Fraction 9% 20% NA

EAF Electricity Intensity (krWhton) 689 560 397
Continuous Casting Fraction 22% 61% 94%
Yield (SMP/crmde steel) 0.83 0.85 0.94

Note: * Figures for the U.S. and Japan arc as of 1987.
Source: MM 1990; SSB 1992; LBL.

India's Iron and Steel Industry

Production capacity and industry structur By 1990, India's steel industry
consisted of 6 integrated steelworks3 (a seventh was under construction) and about 150
mini-plants. India's steel industry produced 15 milion tons of crude steel in 1990, 73
percent of it from the integrated plants and most of the rest from mini-plants. A small
amount of steel castings was produced by induction furnaces. [Etienne et aL 1990; IISI

3 lhe state-owncd Steel Authority of India Limited (SAIL) holds five of the six itegrated plants and is
the dorinant force in India's steel industry, with more than 50% of total crude steel capacity. Tata Iron
and Steel Company Limited (Mt3CO) is the only privately owned integrated plant and is the industys
leader in technological innovation and energy conservation
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1991; Chatterjee 19931. Over 12 million tons of SMPs were produced in 1990. Imports
of SMPs in 1990 were about 2 million tonsm wbile exports were 350 thousand tons
[Chatteijee 1993].

The industry's capacity is seriously underutilized because of inadequate supplies of
energy and raw materials as wel as the slow growth in demand. The utilization ratio was
only 61 percent in 1991.

Energy use and efficiency. The industry consumed about 23 million toe of
energy in 1990, including 8 TWh electricity and 21.2 million toe fuels. This was a quarter
of all industrial energy consumption in 1990. The industry accounted for about 7 percent
of all electricity consumption and about 34 percent of all fuel consumption by the
industrial sector [EA 1992].

In 1986, India's steel industry was even less efficient than China's, as shown in
Table 3.6.

Table 3.6: Energy Efficiny Indicators, India and Chna, 196

India China

Coke Equivalent Rate (kgto pig ion) 780 605
Iron to Steel Ratio 1.15 1.03
Electrity Intensity (kWh1ton cmde stel)

Sponge TIn Based EAF 9VC NA
Scrp Based EAF 760 644

Specific Energy Use (kgoetDn stle, itgted plants) 900-1.200 average 900

Source: Govemment of India 1991; SSB 1992.

The factors contrbuting to high energ consumptio in India's steel plants are
similar to those found in China They include the following [Kalra 1989]:

(a) outdated production technologies (sizable production from OHFs and a low ratio
of continuous casting);

(b) the high ash content of Indian coal;
(c) inadequate preparation of raw materials and low proportion of agglomerates
(d) limited recovery of waste heat, and
(e) lager ancillay and axiy facilities.
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Indonesia's Iron and Steel Industy

Production capadty and industry structure. Indonesia produced about 2.9

mil}ion tons of crude steel in 1990. SMPs production was 2.3 million tons. Imports of

SMPs were 1.1 million tons, and exports, 400 thousand tons [STI 1992]. Domestic steel
production is still far from meeting the country's demand.

Indonesia's steel industry is quite different from thovt of China, India and Korea.

EAF-based mini-plants account for all production. Because of rich natural gas resources,
Indonesia has developed a sizable capacity to produce direct reduced iron. It was the

number three DRI producer in the world in 1990, with an output of about 1.4 million tons

[IISI 1991].

Energy efficiency. Scrap-based EAF steel making has a clear advantage in energy

efficiency over BF-BOF steel making because iron making is unnecessary, but DRI-EAF

steel makdng does not have much of an edge over BF-BOF steel making. Data on the

electricity intensity of Indonesia's EAF are not available.

Korea's Iron and Steel Industy

Production capacity and industry structure. Korea produced about 23 milion

tons of crude steel in 1990. Output of SMPs was 24 million tons. Imports of SMPs in

1990 were 5.6 million tons, and exports, 7.2 million tons [HISI 1991].

Nine producers, several of which have received technical assistance from Japanese
steel companies, account for about 80 percent of Korea's steel production. Mini-plants

account for the other 20 percent.

Energy efridmecy. The Korean steel industry is more advanced than those of the

four other countries. The energy efficiency of the large companies is close to that of

Japan's steel companies. For example. energy intensity of crude steel production of
Pohang Iron & Steel Co., Ltd. (POSCO). a leading company, is estimated at 5.21 million

kcal/ton-of-crude-steel [Nippon Steel Corp.]. This figure is the same as that of the most

efficient mills in Japan, even if their low .steel iron ratio is taken into account (which

lowers energy intensity); the energy intensity of POSCO is compatible with that of the

less-efficient miLls in Japan.
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However, the industry's energy intensity as a whole has not reached Japan's level
because medium and small factories are less efficient. According to a study conducted by
the Korea Energy Management Corporation and Korea Energy Economics Institute,
potential energy saving in the industry is estimated at about 10 percent.

Thailand's Iron and Steel Industry

Steel is not a major industry in Thailand. Production of steel is less than one-tenth
of domestic demand. Thailand produced 900 thousand tons of crude steel in 1990. SMPs'
production was 685 thousand tons. Imports of SMPs were 6.5 million tons, and exports,
154 thousand tons [STI 19921.

Energy Conseration in Japan's Iron and Steel Industry

Japan's steel industry has been a world leader in terms of energy efficiency. Many
of energy conservation programs, started in the wake of oil crisis of 1973, demonstrated
high returns, short payback periods, and short implementation periods. As a rsul, the
industry improved energy efficiency by 20 percent between 1973 and 1990, reaching a
figure of 5.68 milon kcaYton-of-rude-steeL as shown in Figure 3.2. Table 3.7 shows

energy savings in three categories.

Along with these measures, Japan's steel industry introduced managerial measures
to improve energy efficiency, including:

(a) energy audits setting up;
(b) an energy management organization; and
(c) introduction of fuel-substitution measures.

Japan's experience demonstrated that operational improvements can yield high
returns in short periods of time. In the first five-year energy efficiency program of Nippon
Steel Corporation, 55 percent of the energy savings was due to operational improvements
Energy saving through equipment measures becomes more important after the mitia stage
of housekeeping work because returns on investment drop and pay-back peiiods ,incase
[Meunier and Kops 19841.
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Figure 3.2: Energy Intensity of Crude Steel Production in Japan, 1973-W90
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Meoures to Increase Energy Effidency in Five Countries' Iron and Sted Industies

The large and inefficient steel sectors of China and India face many common
problems which are analyzed here. Since the steel industies of Indonesia and Thailand
have much less cause to worry about energy efficiency because of the small scale of

production and use of simpler processes, they are not discussed.

China Is Irn and Steel Industry

The iron and steel industry in China has been targeted for energy conservation
since the early 1980s. China's steel industry followed the Japanese experience in pursuing
energy efficiency improvement China's energy conservation program was initiated at the
top levels of governent and was purued at lower levels through a series of
adminisative orders and legislaton as well as direct investnent and fiscal and financial
incentives. The govenment's involvement was demonstrated by the constmction of the
state-of-the-art Baoshan Steelworks (facilites were imported from Japan), by the large-
scale renovation of the Anshan Steelworks. and by full support of reforms at Shoudu
Steelworks Ihe overal energy intensity of crude steel decreased more than 20 percent
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Table 3.7: Energy Savings Measures Taken by Japan's Steel Industry

(a) introduction of high efficiency equipment and improvement of operational technologies:
- coal preheating
- automatic combustion control of coke ovens
- stabilization of BF operation
- lowering of fuel rate
- extraction of slab at high temperture at reheating fumace inlet
- hot charge roling
- jet preheating -- improvement of heat transfer
- improvement of heat transfer by reconstruction of furnace
- double insulation of sidd pipe
- improvement of heat pauem
- extraction of slab at low temperature at reheating furnace outlet

(b) elimination and concentration of production processes:
- continuous caster
- hot direct rolling
- continuous annealing and processing line

(c) recovery of wasted energy:
- coke oven gas sensible heat recovery
- coke dry quenching - steam and electicity recovery
- wasted gas sensible heat recovery
- sinr waste heat recovery - air preheating, steam recovery, electricity recovery
-hot stove waste heat recovery -- air preheating
-BF top-pressure recovery turbine - electricity recovery
- top pressure equlizing gas recovery
- increase of BOF gas recovery
-BOF boiler steam recovery
-Recprato - air and fuel preheating

Source: Japan Iron and Steel Federation

from 1980 to 1990, which was the equivalent of an annual saving of 20 miion toe by
1990. The main goals have been as follows:

(a) Reduce the ratio of pig iron to crude steel China's steel industry produced and
consumed more than 13 million tons of cast pig iron in 1990. This high figure was
a sign of inadequate scrap supply. As a steel industry matures, production of pig
iron for casting usually drops. Recyclable scrap also increases as more steel is
used in the economy;

(b) Reduce consumption of raw materials Steel yield per unit of raw materials is low
in China For examle, in some key plants, the production of a ton of crude steel

57



requires more than 30 kg of refractory materials or twice as much as in Japan's
industry;

(c) Restrict the growth of inefficient small plants. The 1980s witnessed a small
increase in output from China's medium and small steel plants. Since most of these
plants utilize EAF for steel making, they are inefficient and costly. In addition,
these plants assure the continued use of extremely inefficient and polluting pig iron
from simply constructed fumaces;

(d) Increase the recovery rate of combustible gases, waste heat, and top pressure;
(e) Phase out OHFs and renovate inefficient furnaces. Although OHF steel output as

a percentage of all steel production has been decreasing, actual production has
been increasing slowly. Retiring old OHFs and preventing enlargements of small
plants have been difficult because of strong demand. Shifting from OHP to BOF
saves about 100 kgoe/ton-of-cmde-steel;

(t Speed up the development of continuous casting. The continuous casting process
saves energy by increasing crude steel yield. Shifting from ingot casting to
continuous casting saves roughly 105 kgoelton-of-steel;

(g) Introduce advanced steel making technologies; and
Ch) Improve the quality of steel products. Although this measure may not seem

directly related to energy saving, poor quality steel shortens the life of products
made from domestic steel and makes it necessary to replace them more often.

India's Iron and Steel Industry

The country's major steel plants have put significant effort into energy
conservation during the last decade. Although the measures taken by each plant vary.
they geneally begin with improvements in operational practices, which are relatively
inexpensive and provide short payback periods. That is followed by projects to modify
and improve equipment and facilities. 'the last step is the incorporation of major
technology improvement schemes as part of the modernization process. These are the
costliest measures, but they offer the largest returns. Some representative conservation
measures are listed in Table 3.8.
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Table 3.8: Representadve Energy Conervadon Mesures of the Indian Steel
Industry

Oprational Improvement:
- optimize process distibution to minimize vent loss;
- conserve process steam througl ousekeeping and leak plugging;
- upgrade thmal insulation of pocess equipment; and
- increase hot blast temperatures at blast frnaces.

Retrofit and Modification:
- install LD converter gas recovery system;
- install and/or improve regeneators at coke ovens, sted mcting shops, soaking pits, etc.;
- improve recovery of by-product coal tar at coke oven; and
- install waste heat boilers.

Modernization Procedues:
- computerize energy consmption monitoing and manageW it control syslems;
- install dry quenching of coke and stamp dwging of coal,
- computerize stove heating and furnace control systems;
- replace OHFs with BOFs;
- introduce high efficiency EAFs;
- introdce coinuous casting technology.

Source: Tata 1988; Kalra 1989.

For both China and India, greater steel making efficiency must come from
introducing other new technologies. lmmediate goals should include phasing out OHFs
and adopting the continuous casting process.

THE CEMENT INDUSTRY

A large share of the production costs of cement (usually 20 to 40 percent in
industriaWzed countries) goes to pay for energy. Reduction of energy intensity increases
the competitiveness of cement producers and reduces the energy content of construction
projec as well.

Cement Production and Energy Effidency

AU five Asian countries discussed here are important cement producers. Their
combined output accounted for 60 percent of the Asian total and 28 percent of the world
total in 1990. China alone produces about one-fifth of the world's cement, making it the
world's largest producer. The five countries also represent the fastest growing cement
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production sector in the world, registering a combined growth rate of 10 percent p.a in
the 1980s. Seventy percent of the increase in world cement output in the 1980s occurred
in the five countries [UN 19901. Large, modem cement plants have been built in these
countries in recent years, and the five countries' cement production is expected to continue
to grow during the rest of this century.

Cement manufacturing technologies and their energy efficiency vary greatly among
the five countries. While Korea's cement industry compares favorably with those of the
industrialized countries, China and India are the least efficient cement producers among
the five countries. The cement industries in Indonesia and Thailand are relatively new.
Their energy efficiency is considered to be fairly high. The potential for energy saving is
greatest in China and India, where the bulk of cement production is still inefficient in terms
of energy use.

China's Cement Industgy

Production capacity and the industry's stctumre. China's cement output was
210 milion ton. in 1990 and grew to more than 300 milion tons in 1992. China's cement
industry is quite different from that in other countries because it relies on vertical kiln
(VK)-equipped small plants for the bulk of production. In 1990, VK plants turned out 70
percent of total cement production. Meanwhile, modem precalciner kIln equipped plants
produced less than 5 percent. The rest was produced by wet process plants, which
accounted for 11 percent of total production, and other types of dry or semi-dry process
plants [Liu et al. 1993].

Cement exports have been increasing rapidly in recent years, rising from 140
thousand tons in 1985 to 11 million tons in 1991. High quality cement is exported, and
inferior product is consumed domestically. Imports of cement amounted to about 2
million tons in 1987.

Energy use and effidency. The cement industry consumed about 29 million tons
of oil equivalent (toe) energy in 1990, accounting for 7 percent of total industrial final
energy use. The two sources of energy were coal (77 percent) and electricity (23
percent). Energy accounts for about 40 percent of total production cost in China's cement
industry. The costs of purchasing electricity or coal are comparable for cement plants,
indicating the equal importance of saving electricity and coal [Liu et al. 1993]
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Energy efficiency in the industry is very low. Industry-wide fuel intesity for

clinker maling is about 126 kg of oil equivalent (kgoe)/ton-of-clinker, wbereas that of
Japans industry is 71 kgoe/ton-of-clinker. Electricity intensity was about 110 kWh/ton-

of-cement in 1990, which compared fiavorably with that of industrialized countries.

Consumption of electricity is low because of the large number of small labor-intensive

plants.

The range of technologies used in cement production differs greatly, and range

from wet and dry process technologies of 1940s vintage to state-of-the-art precalciner

kilns, and from the most primitive vertical kilnas to some very efficient mechanized vertical

kilns. Table 3.9 shows this disaggregation.

The fuel intensity of clinker making has been declning because of conversion of

manual VKs to mechanized VKs, other efficiency measures, and the introduction of

modem precalciner technology. However, such upgrading has also brought about an

increase in elctricity intensity because of automation and increased fan power. Industry-

wide electicity intensity in 1990 had increased about 15 percent from its 1980 level of 95

kWh/ton-of-cement (Liu et al. 1993]. This trend is expected to continue.

Table 3.9: Technologies Uilized In China's Cement Industry

1990 Oupw Fulx Inay EL-c Iuaety
(nmllion s) (koeAon-cinkr) (kwM on-m )

Manud VKc 23 175 <80
Medbnized VKs 126 115 <100
WetProcess Kilns 22 147 <110
Small Dry Process Kilns IS 154 NA
Shaft-Preheater Kils 4 126 NA
Lepol Kilns 5 112 <120
Cyclone-Preheatc Kilns 5 95 <130
Precalciner Kilns 10 84 <130

Source: liu et al
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India's Cement Industry

Production capadty nnd the Industry structure. Total output in 1990 was
about 46 million tons, making India the world's third largest producer. Medium- to large-
size plants, equipped with rotary kilns, provide most of India's cement production. In the
mid-1980s, VK based small plants accounted for only about 2 percent of total production
capacity, a sharp contrast to the 70 percent share of small plants in China.4 Dry process
made up 64 percent of total rotary kiln capacity, while semi-dry and wet processes
contributed 3 percent and 33 percent, respectively [Sinha 1990].

Energy use and effldency. In 1990, India's cement industry consumed about 4
million toe coal and 6 billion kWh electricity, which were 8 percent and 7 percent of total
industrial fuel and electricity usage, respectively.5 Plant energy costs range from 20 to 40
percent of total production cost [Kalra 1989].

The energy efficiency of India's cement industry is generally considered to be
better than that of Chinas. In the mid 1980s, small plants were equipped with mechanized
VKs with a fuel intensity of 100 to 110 kgoe/ton-of-clinker. Dry process plants had a fuel
intensity range of 90 to 105 kgoelton-of-clinker, and wet process plants, a range of 140 to
160 kgoe/ton-of-clinker. Electricity intensity has been rising in step with modernization.
The industry-wide figure was 130 kWhlton-of-ement in the mid- 1980s, compared to only
105 kWh/ton-of-cement in 1965 [Kakra 19891. Table 3.10 provides comparisons of
cement industry characteristics in China, India and Japan.

Judging from Table 3.10 India is in a better position than China in terms of
production structure and overall fuel intensity. The higher eectricity consumption in India
is partly related to the large share of dry processes in production, which usually make use
of suspension preheaters. Both countries have a long way to do to catch up with Japan in
terms of energy efficiency.

4 India is showing mere interest in VK technology bcause its low cost, short lead time, and flexibility in
meeting grwing cement demand.
s Estimated figures fim available energy intensity data in the mid-1980s. The clinker to emnent ratio is
assumed to be 0.9.
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Table 3.10: Major Characterisdes of the Cement Industries in China, India, and
Japan

China India Japan

Output (MT. 1990) 210 46 84
Averge Kin Sz (a) 50 220 1,000

Vertical Kiln 30 30 -
Rotary Kiln 90 240 1,000

Share of Dry Proces 18% 66% 100%
Share of WetFrceus 11% 32% 0
Sbare ofVK P,ceus 71% 2% 0
DryProcessFuoIntensity(b) 115 90-105 71
Wet Proces Fuel Intensity (b) 143 140-160 -
VK PtxxssFuelIntensity (b) 116 100-110 -
Electricity Lntunsity (c) 110 120-130 103

Notes: Figures fcr China, India and Japan are s of 1990,
themid-1980s, and 1988, respeively.

(a) unit= thousand tons of clinr perkin pcryear,
(b' unit = kgoelon-clinkar and
(c) unit= kWhIton-ment.

Source: Lin ct aL 1993; Sinha 1990; Nakajima 1990.

Indonesia's Cement lndstry

Producdon capadty and indusy structu Indones produced 16 million

tons of cument in 1990. Two-thirds of present production capacity was added after 1980

[UN 1990].

Energy use and efficiency. Investigations m 1984 of three plants with chnker

capacity of more than 1 million tons per year indicated that Indonesia's dry process kilns

were firly efficient and that wet process kins perfonned very poorly. The average fuel

intensity of the suspension Wmlns was about 88 kgoelton-of-clinker. The fuel insities of

the precalciner kilns ranged from 78 to 85 kgoeIton-of-clinker, and eletricity intensites

from 110 to 120 kWb/ton-of-cement. The fuel intensities of the wet process kilns were

greater than 160 kgoe(ton-of-cinker. Information on the present production structure is

not availabl. Since two-thirds of present capacity was added after 1980, and most, if not

all, of it took the form of dry process plamts with either suspension preheater or

preulciner kiln, the overall energy effiency of Indonesia's cement industy today should

be respectable.
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Krea's Cement Industry

Producton capadity ad the Indwtry stnmcture. Korma produced 34 million
tons of cement in 1990. More than half of the country's present production capacity was
added after 1980. The industry consists of mostly large producers with state-of-the-art
facilities.

Enery ue and effidency. Like the steel industry, Korea's cement industry has
gone through a major modernization. Some old plants are still in operation, however, and
the industry as a whole has room for improvement in energy use. Potential energy saving
is estimated at about 12 percenL6

7Iand's Cement Indutry

Produton capadty ad te indusky structure. Thailand produced 18 million
tons of cement in 1990. Two-thirds of present production capacity was added after 1980,
an response to fast-growiog domestic and regional markets. The high degree of ambition
in the industry was illustrated recently by the commissioning of a 9,000-ton-per-day kiln
by Siam City Cement Company [World Cement 1993].

Ener use and effldency. The energy efficiency of Thailand's cement industry is
estimated to be relatively good, given that two-thirds of production capacity came on line
during the 1980s.

Energ Cosemrvation In Japan's Cement Industry

Japan's cement industry is a classic example of how an inefficient industry can be
iproved drastically over time by perfecting operation and management and by
introducing innovative technologies. Industry-wide fuel intensity was 170 kgoe/ton-of-
clinker in 1955 and fell to 71 kgoe/ton-of-clinker in 1988. Electricity intensity has been
reduced as weR despite increasing automation and fan power. Average power
consumption of 120 kWhlton-of-cement in 1978 was reduced to 103 kWh/ton-of-oememn
in 1988. Major modenizaion steps taken by the Japanese cement industry include the
folowing (Nakajima 19901:

6 Eslimate of die Koea Energy M Corpomauon and Koea Energy Economics Insictut
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(a) small- and medium-sized low productivity plants were closed and production was
concentrated in more conveniently located large plants;

(b) labor productivity and labor saving were achieved through workshop integration,
mechanization and remote controls, as well as the increase in the size of plants;

(c) cement quality was diversified by such means as making blast furnace slag cement;
and

(d) technical measures were introduced for selecting cheaper fuel at appropriate times,
improving thermal efficiency, reducing power cost and consumption, and
optimizing production processes.

Long-term stable operation is the principal goal of plant management. Japan's
experience shows that plant shutdowns or breakdown in operation are the biggest barrier
to energy conservation. Strong efforts must be made to stabilize quantity of raw
materials, fuel and plant operating conditions,. and attention to preventive maintenance is
a necessity.

Measures to Increase Ener Efficiency in the Cement Industry

Table 3.11 indicates the energy savings that can be expected from adopting more
efficient tecbnologies. More efficient technologies also tend to improve productity
significantly.

The NSP (New Suspension Preheater (and Precalciner)) is being adopted at
virtually all new plants. It lends itself readily to scale enlargement, energy-saving, and
pollution controL Construction of NSP plants is capital-intensive and technologically
sophisticated. Usualiy, foreign investment and imported equipment are needed to build
this type of plants.

The low energy efficiency found at many plants, especially those that are quite old,
often results from improper operating and maintenance procedures and, in many cases,
lack of appropriate control and monitoring istruments. Better housekeepiag contributes
to significant energy saving. Energy audits make it possible to formulate very specific
operating procedures and to establish both short- and long-term energy efficiency
programs.
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Table 3.11: Effects of Converson of Wet to SemI.DrylDry Process

Wet Semi-Dry SPDry NSPDry
Fuel Intensity (kgoe/ton of clinker) 130-160 90-110 BO-95 75-8s
Electricity lotcnsity (kWhltnofcement) 110-115 115-120 120-125 120-125
Kiln Output for Given Size (pcrccnt) 100 130-150 130-150 250-300

Note; SP: suspension prbehster, NSP: New Suspension Prbehatcr and Precalciner.
Source: Sinha 1990

China's CementIndustry

Modemizing China's cement industry has been a unique endeavor because of the
presence of so many inefficient vertical kilns. Conservation measures adopted by the
industry in the 1980s included comprehensive retrofit of vertical kilns, conversion of wet

process kilns to semi-dry or dry process kilns, and the introduction of large-scale

precalciner kilns. Ineffcient small plants were closed and wet and dry process kins were
also retrofitted. Table 3.12 lists the main conservation measures adopted.

Advanced VKs have a fuel intensity of about 88 kgoe/ton-of-clinker. The best-
operated mechanized VKs can reach a fuel intensity of 77 kgoe.'ton-of-clinker and an
electricity intensity of less than 110 kWh/ton-of-cement. Ihese figures indicate great

potential for energy conservation in VK-equipped small plants, which now have an
average fuel intensity of about 115 kgoe/ton-of-clinker. Long-tenn development must
include the introduction of large modem precalciner kilns. This may come much later in
most Asian countries because precalciner kilns have high capital costs. Moreover, the use
of small and relatively efficient VK plants is still valid in China's large and diversified

domestic market.

ladia's CementlIndusty

The National Council for Cement and Building Materials has been a major
promoter of energy efficiency and technical renovation in India. Some of the specific

measures adopted there are listed in Table 3.13.
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Table 3.12: Energy Conservation Measures Adopted by China's Cement industry

1. Close and conivert manual VKs to mechanized VKs
2. Retrofit inefficient medhanized VKs by adding:

- raw material grinding facilities which include load controller, classifier, grinder, and motor
- premix control of raw materials and fuel
- raw material ingredient and uniformity control
- computer-controlled pellet produon
- vertical kIlns
- computer-controlled kiln operation
- finish grinding facilities which include pre-grinding crushing, roller mills, and high efficiency

classifiers
- particulate emissions control and dust recycle

3. Close inefficient wet and dry process kilns
4. Comprehensive retrofit of wet process kilns
5. Convert wet process kilns to semi or dry process kilns with SP systems
6. Retrofit inefficient dry process kilns with co-generation boilers
7. Introduce precalciner ildn technologies for domestic manufacturing
8. Import precalciner facilities

Source: Liu et al 1993

Housekeeping-type measures, such as air seal and capacitor installation, are

inexpensive, but the resulfing energy saving cou: be signficauit. Great reduction of

energy mtensity in cement production usually occurs in conjunction with the installation of

relatively expensive new technologies, such as precalcining facities, high efficiency roller

mills, and variable speed motors. Because of its growing domestic market, the cement

industry in India is well situated to achieve greater energy efficiency.

THE FERTILIZER INDUSTRY

The three main types of ferilizer are nitrogen, phosphates, and potash. Since

approximately 90 percent of the energy used in fertilizer production is consumed in

nitrogen production [Hearth et aL 19851 and almost all nitrogen produced from the

catalytic fixation of atmospheric nitrogen is ammonia, the discussion here focuses mainly

on ammonia production.
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Table 3.13: Selected Energy Comervadon Measures in India's Cement Industry

1. Install raw mateial composition control equipmeot for improving raw meal quality
a Intrduce a vibrating sce with reversible impactor for raw grinding and precrushing of

hnker
3. Install a micro processor-based coal feed system for accurate control of coal teed
4. Stop idle nmning of auxiliaries
5. Install air seal for Iln outiet
6. Install high efficiency and high velocity burners to improve heat recovery
7. Install secondary firing system
8. Recover waste heat through co-generation boilers
9. Modify chains inside kiln (wet process)
10. Instatl power capackors for improving the power factor
11. Replace oversized and inefficient motors with correct-sized and efficient motors (variable

speed)
12. Install infra-red devices for continuous stack monitring
13. Install a pramble logic cntroller for sequential starting and optimizing process operation
14. Install highpressur roller mills
15. Inroduce precalcining facilities

Source: Kalra 1989

Nitrogen Producton and Energy Efficiency

Asia accounts for 36 percent of world ammonia production capacity. Among the

Asian countries, China, India, and Indonesia are the main suppliers of ammonia. Although

Korea has some production capacity, its position as a supplier is marginal (see Table

3.14).

China's Fer izerIndusery

Prod on capacity and industry stuctmure China introduced a process to

produce annonia and ammonium bicarbonate from coal in the early 1960s. Although

ammnonium bicarbonate is a low grade and inefficient nitrogen fertilizer, it satisfied China's

needs at that time. Many small plants using this technology were constructed during the

1960s and 1970s. About 1,000 of these plants are still in operation and provide about half

of Clina!s nitrogen, as shown in Table 3.15. These small plants, with a range of 5,000 to

20,00D tons-of-Nitrogen (N)-as-Ammonium (NH3)Iday, produce mainly ammonium

bicarbonate, some ammonia liquors, and, in a few cases, anunonium nitrate or urea. China

constructed 13 large plants and about 54 medium-size ammonia plants during the 1970s

and 1980s [Constant et al. 19921, but the large plants do not yet play a major role.
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Table 3.14: Ammia Capacty
(thousand tons of N)

1988/89 1989190 199O"I

Wskid 1 14.246 11t4,.6 1 1 6S
America 21911 2177 21;734
USA 12.636 12,537 12,584

E== ~~~24A338 24 000 23:775

EF=M m 1089160 10L147

USSR 220 23 067 22 843A

Ask L,1 41.831 41.304
West Asia AmIS S.68 4,M
South Asia lO.fi84 10:723 10.723
India 8,427 8,416 8,416
Esast Asia 25,376 2,2 50
China 18,764 1B.769 19,244
Indonesia 2,732 2,772 2,777
Japan 1.636 1,636 1.636
Kores 879 879 B79

Snumc Sbddk an Contant I

Table 3.15: Aumorda Production in China

(thousand tons of NH3)

98 1989 1990 199-90

Increase

arge Plamts 4.14 4,643 4,820 3.9%
Medium Plats 4,379 4,433 4,804 8.3%
Snmil Plants 11,271 11,616 11,664 0.4%

Total 19,794 20,691 21,289 249%

Sormce: World Bandk 199C

Energy efficiency. Although large plants in Cia have been modemized durn
the past several yea l their energy consumption to produce a unit of ammonia is still

estimated at 20 to 25 percent higher than that of plants of recent design.7 T'he efficiency

of medium and small plants Ls much lower than tbat of large plants. One study conducted

by the government estimated that energy consumption per unit of output at sma plans
was 76 percent higher than that of the large plants and 23 percent higher ta Om of th

medium-size plants 4GOC 198913

7 Toyo Engxrig Cop.

69



This low efficiency is attributed not only to plant size but also to the feedstock

used for aimmonia synthesis. Coal is still used as the main feedstomk in China, whereas 98

percent of the feedstock in the United States is natural gas. This high dependency on coal

decreases the industry's overall energy efficiency. Coal-based ammonia production
consumes about 35 percent more energy than gas-based with today's technologies.

tndia's Ferier Industy

Production capacity and industry structure. India operates nearly forty

nitrogen fertilizer plants and ranks as the fourth largest producer in the world. Ammonia
production capacity was 8.4 million tons in 1990. Capacity was expected to reach 10.8

million tons by 1995.

During the last three decades, the nitrogen fertilizer industry has used a wide range

of feed stocks, including coke oven gas in the early 1960s, naphtha in the late 1960s and
the 1970s, and natural gas in the 1980s, in association with the development of the

Bombay High gas fields. By 1991, 50 percent of ammonia production capacity was gas-

based, 27 percent was based on naphtha, 13 percent on oil. and 10 percent on coal and

other feed stocks, [Constant et al. 1992].

Energy eflicency. Although data on energy consumption for ammonia

production in India were not directly available, such data for urea production were
arailable, as shown in Table 3.16. About 75 percent of the energy consumed in urea

production is used to make ammonia. We can, therefore, estimate the energy efficiency of

anmonia production as well as that of urea production. According to these data, the

energy consumption of gas-based -;woa production in the late 1980s was approximately

45.5 GJ/ton-of-urea. whereas the average among major U.S. companies was 36 GJ/ton-of-

urea in 1983 [Constant et al 1992J. On the basis of these two figures, it is estimated that

energy consumption for ammonia and urea production in India is at least 20 percent higher

than that in the United States.
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Table 3.16: Energy Consumption for Urea Producdon In India

Amwia Avarage capaciy FAerO connpdo
fedboe utiaion (%)

GJlton urea GcaUftn urea

Coal 26 121.44 29.01
FuelOil 79.8 60.24 14.39
Nhpktba 78 53.08 1268
Gas 83 45.50 10.87

Note: Includa ennagy consumptiom in ammonia production.
Soutm Tat Eay Data Directfy & Yeabook 1990191

Indonesia's FerfiierIndwl&y

Production capacity and industry stuctue Because of an abundance of

natural gas in Ache, South Sumatra, East Karimantan, West Java, East Java, and other
Indonesan ilnds, several large amonau plants began operations during the 1980s.

By 1991/92, production of urea had reached 4.9 million tons, and production of ammonia

sulphate reached 6 million tons. Production has not changed much during the last tbree
years (see Table 3.17).

Table 3.17: Fertlizer Production in Indonesia

(thousand tons)

1988189 1989190 199a191 1991192

Urea 4,246 4,891 5,131 4,881
Sodium Phosphate 1,166 1,273 1,084 900
Ammonium Sulphate 586 616 636 602

Source: BisiDis Indonesia 1993

Energy effidency. Since the major plants producing ammonialurea use 1980s

technology, thek energy efficiency should theoretically be similar to that of plants in
industrialized countries. According to data from the ASEAN-EC Energ Mana nt

Training and Research Centre (AEEMTRAC), however, energy consumption for nitrogen

fertilizer in Indonesia was about 49 Gl/ton in 1985 (more recent data are not avalable).
Assuming that the nitrogen ferti was mainly composed of urea, this is substaunally
higher than in the United States, where the figure is 36 GJ/ton-of-urea. Energy audits
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conducted by the Directorate General of Electric and New Energy (DJLEB), showed that

energy savings of 20 percent could be achieved if certain investments were made

[Marpaung 1991].

Energy Conservation in Japan's Fertilizer Industry

Japan's fertilizer industry has rationalized itself by reducing production costs and

thus strengthening its competitiveness in the world market. As a result, energy

corservation has also been achieved. The measures adopted for this purpose have been as

follows:

(a) utilization of cheaper feedstocks;

(b) reductions in power consumption through improvement of equipment;

(c) reductions of operational cost by simplifying the production process;

(d) reduction of fixed costs by enlarging plant size;

(e) recovering waste heat, rationalizing the heat balance among equipment, and using

seam effectively; and

(f) scrapping old plants and building new ones to improve productivity.

The technical measures listed in Table 3.18 were adoDted after the first oil crisis in

order to inprove energy etficiency. Furthermore. the industry .dopted the heat exchanger

type reformer at the primary steam reforming section instead of the conventional furnace

type refonner.

Table 3.18: Energy Conservafion Measures Adopted by Japan's Fertilizer
Industry

Rcforning process: - reduce surplus air for thc primary rcformcr bumrers
- reinformc insulation of high tcmpcraturc equipment and lincs

Gas refining process: - reinforce heat recovery
Synthcsis procss: - rcovcr hydrogcn

Source: Ministry of International Trade and Industry
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Measures to Increase Energy Effidency in the Five Countries' Fertilizer Industries

Low energy efficiency in existing plants is caused mainly by continued use of the

old process, small scale production, and lack of engineering know-how. To achieve

energy saving, a staged approach is necessary. The first stage is to improve efficiency

through better housekeeping and maintenance, which requires no or small investment.

The second stage involves revamping of old plants, which requires short-term investment.

The final stage is reconstruction of old plants, which requires long-term investment.

Improving housekeeping and maintenance. In some cases, energy savings of

10 to 20 percent would be possible through better housekeeping and maintenance. High

capacity utilization, recovery of materials, improvement of the steam system,

improvements in equipment performance, and improved heat transfer are basic measures

that can be pursued at this stage, as shown in Table 3.19.

Revamping old plants. In recent years, the industry has not been profitable, and

many producers have looked at the prospects for revamping old and inefficient plants to

maintan competitiveness. Many earlier revamping projects have included capacity

increases as well as energy saving and reliability improvements [Appi 1993]. Typical

revampmg measures are improvement of reformer and converter efficiency, recovery and
recycling of purge gas and waste heat, etc. Some typical measures are given in Table

3.20.

Reconstructing old plants. There has been a progressive reduction in the amount

of energy used in ammonia production. Figure 3.3 shows an example of this, using data

from actual plants [Apr 1 1993]. These data show that energy savings of about 30 percent

have been achieved during the past 25 years. These savings are attributed to: (a)

improvement of the main compressors; (b) improvement of the C02 removal system; (c)

introduction of the air heater, (d) lowering the steam/carbon ratio; and (e) hydrogen

recovery.
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Table 3.19: Typical Meaures for Improving Housekeeping and Maintenance

Goodlhskeepn Energy, savings of 5 to 10% are possible through elimination of system
losses such as preventing steam leaks.

High capacity
utilizaion In some cases, energy savings of 20% can be achieved by

improving load factor to near design capacity.

Material recovery Purge gas recovery and recycling, recovering contminaed
condensate and stripping the ammonia.

Improving steam
system Losses due to bad insulation, stearn leakage, and defectivc steam

trap can camse up to 10% stream loss.
Recovered condensate can be used as low-level heat source.
Optimizaion of steam usage, such as proper levels of pressure
and tempaure, can reduce utility consumption.

Improvng equipment
eformac Improve energy consumption of the combustion

equipment though decreasing high stack temperature and(or
optimizing air/fuel ratio.
Reguar checking and cleaning for heat exchanger can improve
heat transfer. These procedures can be applied to other equipment,
such as towers and filters.
Energy saving can be achieved by optimization and/or design
modification of revolutional eqwpment and mecical equipment,

*mDving utilities Optimization of power generation, distribution, and utilization can
diety contibute to energy conservation.

Source: World Bank 1985

Sever contractos have released performance of their modem low-energy

ammonia process, in which energy consumption is about 28 GJ/ton-of-NH3 . This figure is

6 to 7 percent lower than in the early 1980s, and 20 percent lower than in the middle of

the 1970s. The charactenstics of ihese low-energy processes are as follows:

(a) improving heat duty in the reformer by using the secondary reformer.

(b) improving heat recovery from the reformer convection section; and
(c) improving reaction condition in the reformer-e.g., developing special shift catalyst

to reduce steam/carbon ratio.

74



Table 3.20: Typical Revanping Measures

Reformer Shifting primary reformer load to newly installed secondary
refonmer.

Purge gas treatment RICovering and recycling hydrogen in the purge gas from the
synthesis section. he industry has widely adopted the purge gas
recovery, which can save 1.8 GJ/ton-ammonia.

Synthesis converter In some cases, retrofit of converter is adopted to increase
efficiency of synthesis and to decrease energy consumption.
But this measme is not generally viable.

Waste heat recovery All modern plants adopt waste heat boilers for reformed gas in
order to recover a considerable amount of heat available.
Many plants have been retrofitted with steam generators in their
synthesis sections to utilize high level hea of the converter exit
gas.

Combustion Air
Preheater Many old plants lose a lot of energy with high tempeature stack

gas. Combustion air preieaters can recover waste heat from the
reforaer flue gas and reduce the stack gas tenperature.

Source: World Bank 1985; Appl 1993.

Fige 33: Improvement in Energy Consmption of Ammonia Plants

GJIto NH3
40
38
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32
30
28
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20 I I I I
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Source: Appl 1993

Although naural gas will continue to be the preferred feedstock for ammona

production in most counties. coal is expected to be a favored fiedstock in several coal-

producing countries The energy consumption of coal-gasification-based m a
production is higher than that of the natural gas-based plant. Ube Industries in Japan.
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which commissioned a 1,500 tons/day mmonia plant in 1984 using Texaco's coal

gasification process, reported energy consumption of 45.5 GJ/ton-NH3 [Appl 1993]. This

figure is about 60 percent larger than that for natural gas-based modern low-energy

ammonia plants and 50 percent larger than that for the natural gas-based plants

constructed around 1980. However, newly developed coal gasifiers (including the Texaco

process) are expected to have an energy efficiency that is more than 25 percent better than

that of the small coal-based plants in China.

China's Fertiizer Industry

Energy efficiency in China's fertilizer industry is the lowest among the five Asian

countries. Old and small plants, many of them coal-based, still play a major role in the

fertilizer industry, and modenization of these plants is necessary. That will not be easy.

Due to the abundance of coal reserves in China, coal will continue to be an irnportant

feedstock Moreover, many of these existing plants throughout the country remain

srategically important because China's trnsportation infrastructure is not sufficiently

developed to provide effective transport of ferilizer. To increase energy efficiency and

utilize indigenous energy sources effectively, the following practical measures could be

considered:

(a) Housekeeping and maintenance:

- conduct energy audits and eliminate simple causes of energy loss;

- improve stem systems by installing good insulation, preventing steam leakage,

introducing effective steam trapping, etc.;

- recover waste heat and reuse it; and

- increase capacity utilization.

(b) Revamping:

- replace old coal-based (water gas) ammonia plants with modem coal

gasification technologies; and

- consider the use of coal water slunry and coal oil slurry to reduce oil use in

residual oil partial oxidation plants.'

(c) New construction:

- use natural gas for new plants if available; and

*SFA Pacific. Inc.
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- introduce modem coal gasification processes which can utilize low grade coal,
such as high sulfur coal and low calorie lignite.

India's Fertilier Industwy

The energy efficiency of India's fertilizer industry could be improved by the
construction of new large plants. Although old plants using residual oil and coal still
supply one-fourth of total production, some of them (especially coal-based plants) are
likely to be replaced by newly constructed natural gas-based plants. Revanping measures
could improve the efficiency of the naphtha-based plants constructed during the 1970s,
and the natural gas-based plants constructed in the early 1980s. The following measures
are also necessary to improve energy efficiency at all plants: (a) carefiul examination of the
energy efficiency tbrough energy audits; and (b) good housekeeping and maintenance.

Indonesia's Fer-;izav' Indastry

Almost all of Indonesia's natural gas-based ammonia/urea plants were constructed
during the 1980s with new technologies. However, recent energy audits show that energy
conservation can be improved through better housekeeping and maintenawce. The
following actions should be taken:

(a) create energy saving awareness at every level, from plant site to corporate
mianagement;

(b) enforce an energy management system in the corporation; and
(c) conduct training for staff at plant sites and in management.

TM PULP AND PAPER INDUSTRY

The pulp and paper idustry is the second most energy-intensive industry m the
world, raning behind only to the iron and steel industry.

Pulp and Paper Production and Energy Efficdency

Except in China, pulp and paper production in the Asian countries is small. Paper
production in these four countries in 1991 was amly 28 million tons, or 12
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percent of world production. The United States, Japan, Canada. and Germany accounted
for 54 percent of world production (see Table 3.21).

Table 3.21: Paper Production, including Paperboard
(thousand tons)

1989 1990 1991
World 231,645 239,050 243,472

USA 69.514 71,965 72,724
Japan 26,809 28,088 29,053
Canada 16.555 16,466 16,559
Germany 12,610 13,224 13,540
China 15,263 17,057 18,S34

India 1,910 2,295 2,400
Indonesia 1,158 1.438 1,700
Thailand 520 877 l,208
Korea 4,018 4524 4,922

Source: FAO 1991

In the five Asian countries, this industry's share of the energy consumption of all
industries ranged from 0.4 to 2.5 percent in 1989 (see Table 3.22). Energy intensity was
generally more than twice that of the industry in industrialized countries.

Table 3.22: Energy Consumption in Pulp and Paper Producteon, 1989
(thousand tons of oil equivalent)

Energy Share in Total
Csn _ption Industry Energy

Conswuption
China 11,858 3%
India na na
Indoresia 417 4%
Korea 1,108 4%
Thailand 148 3%

Source: LBL; AEEMTRAC; EA.

Chia's Pu and aper Indwt&

Production capacity and the Indstry structure. China produced 18.5 million
tons of paper and paperboard in 1991, maidog it the fourth largest producer in the world.
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However, production per capita in China was still much smaller than that of industrialized
countries--about one-thirtieth of that in the United States and one-twentieth of that in
Japan.

Energy efficdency. Most of the technology used in China's pulp and paper
industry is like that used during the 1940s and 1950s in industdalized countries. Only a
few enterprises have reached the technology level used by industrialized countries in the
1960s and 1970s. The energy intensity of China's paper industry was estimated at 7.1
million kcal/ton-of-paper-products as of 1985, according to a study by the Chinese
govermnent. That was almost 60 percent more than the 4.479 million kcal/ton-of-paper-
products in Japan in 1991.9 The low energy efficiency of the industry has been attributed
to the small scale of most enterprises, the use of old technology and equipment, the
inferior quality of raw materials, and the lack of energy recovery and reuse.

India's Pulp and Paper Industy

Production capacity and Industry structure. India's pulp and paper industry
grew slowly from the late 1960s to the mid-1970s, mainly because pmduction,
distribution, and prices were controlled by the government After the late 1970s, capacity
and production increased as governnfs policies were libralized. Paper production in
India in 1991 was 2.4 million tons.

Historically, India's mills increased in size to gain economies of scale. After the
late 1970s, however, the industry turned to the use of agricultural residues and wastes as
raw materials, which had not been done since the 1910s. Consequently, the output of
mills using such agricultural residuals declined to less than 10,000 tons/year, whereas the
typical size of paper rills in industrialized countries is 250,000 tons/year. As of 1989.
however, the bulk of the product still came from mills whose capacity exceeds 10,000
tonslyear [Kalra 1989].

Energy efficiency. Energy consumption in India's pulp and paper industy is very
high compared with that of industrialized countries. For example, one of the largest mills
in India reported that it consumed about 10.15 million kcal/ton-of-paper-products [Kalra
1989]. That is more than two times as large as that in Japan. Other dat show that the

9 Japan Paper Association.
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average energy intensity in India was 24.2 million kcal/ton-of-paper-products [Ewing
19851, or almost five times as large as that in industrialized countries.

India's pulp and paper industry purchases an estimated 70 percent of its total
energy requirement, whereas Japan's industry purchases 57 percent. Only 40 percent of
the mills in India utilize cogeneration, whereas almost 100 percent of the mills in
industrialized countries do so. India!s low rate of cogeneration increases not only the
volume of purchased energy but also total energy intensity.

The causes of low energy efficiency in India are as follows:

(a) small mill size;
(b) old indigenous technology used in the mills;
(c) low capacity utilization, probably below 60 percent, due to old technologies;
(d) non-installation of energy conservation devices; and

(e) low rate of introduction of cogeneration.

Indonesia's Pu ad PaprIindusty

Prduction capadty and indutry sructure. Indonesia's pulp and paper
industry is the largest in the ASEAN region. In 1987, Indonesia accounted for 66 percent
of pulp and 44 percent of paper production in the region. The average capacity of paper
plants was 59,000 tonstyear-, 38 percent of all production was turned out at plants with

capacity of morc than 150,000 tonslyear. The ordinary plant in industralized countres
has a range of 150,000 to 330,000 tons/year.

Eoweg efliciency. According to energy audits conducted by the Mines and
Energy Ministry, the energy intensities of the three paper manufacturers categorized as
large (120,000 to 150,000 tons/year) were 2.2, 3.08, and 5.01 milLion kcal/ton-of-paper-
products, respectively. The plant which showed the best energy intensity was comparble
to plants in industi countries (for example, 2.2 rnillion kcalhton-of-paper production in
Japan in 1989),10 but the other two had energy intensities that were 40 percent and 220
percent higher than that of plants in Japan.

10 Ministry of Intrnational Trade and Industhy. Japan.
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The average energy intensity of Indonesia's pulp and paper industry is not high
compared with that of other developing countries, especially China and India. One reason
is that the technologies and plants used in Indonesia are not old; another is that a
substantial part of feedstocks consists of waste paper. Using waste paper as a feedstock
effectively reduces energy intensity." However, the potential for saving energy in the
industry is still large, with the government's audits indicating a potential saving of 30
percent.

Korea 's Pulp and Paper Inusty

Production capacity and Industry structure Korea's paper industry doubled its
production between the mid-1980s and the early 1990s-from 2.3 million tons in 1985 to
4.9 million tons in 1991. The growth rate of paper production from 1985 to 1991 was
13.4 percent p.a., compared to 6.6 percent p.a. during the 1980-85 period. This rapid
expan!sion means that over half of production capacity has been constructed since the mid-
1980s. The industry has adopted modemized processes of production.

Energy efficiency. The industry has improved its energy efficiency by using
procedures similar to those adopted by Japan's paper industry. A field study conducted by
the Korea Energy Management Corporation and Korea Energy Economics Institute
repored curent potential energy savings at 15 percent.L2

Thaiand's Pup and Paper Indwuly

Production capacity and industry structue The growth of the paper industry
in Thailand was rapid during the 1980s and the early 1990s. The growth rate from 1987
to 1991 was 15.3 percent p.a., which was 1.5 times larger than that of GDP. The
prospect for future production are also high; the Thai Pulp and Paper Industries
Association projected a growth rate of 12 percent p.a. from 1992 to 1996. This rapid
expansion of production capacity is supported by strong incrmease of domestic paper
market. In 1991, the production capacities of pulp and paper in Thailand were 153,000
tons/year and 1.22 million tons/year, respectively.'3

lIapan External Tade Organization, JakaTta Center.
12 Korea Energy Economics Institute estimated tha additonal energy savings of 18% codbe achieved
by instaling cageneation.
13 hMa Pulp and Paper Industries Association.
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As these figures show, there is an imbalance of pulp and paper production.
Domestic pulp production at present provides less than 50 percent of total pulp
consumption even with capacity utilization of domestic plants at more th.-n 100 percent.
Hence, substantial amounts of pulp are imported. As of 1991, three domestic enterprises
produced pulp and two of them held almost 95 percent of total production capacity in the
country; the largest accounts for about two-thirds of total capacity.

Although the paper industry in Thailand is relatively modem by developing country
standards, paper production still depends on medium- and small-size plants. In 1989, 36
enterprises produced paper board. Of those, 17 had a capacity of less than 10,000
tons/year, and only two had a capacity of over 100,000 tonslyear.

Energy efficiency. The energy intensity of Thailand's industry has been estimated
at 5.5 million kcallton-of-paper-products, of which 4A million kcal/ton was purchased
energy [Ewing 19851. These figures were among the best in developing countries and
were comparable with those in industrialized countries. However, these figures were
those of only one miLl, which accounted for one quarter of total production in Thailand at
that time. Consequently, using these figures is risky. It is not clear whether Thailand's
industry attained such high energy efficiency because the substantial quantity of imported
pulp decreased the industry's energy intensity.

According to a study conducted by the government, energy savings of up to 17
percent of the total energy requirement were possible [GOT 1989]. Substantial energy
conservation in the paper drying process, in which steam is consumed as the heat source,
was expected.

Energy Conservation in Japan's Pulp and Paper Industry

History of energy conservation in the industry. Efforts in Japan's pulp and
paper industry to save energy started getting results following the second oil crisis.
During the 1980s, the industry achieved energy conservation of 21 percent (see Figure
3A). Although production of paper and paperboard increased 71 percent from 1981 to
1991, energy consumption in the industry increased only 36 percent. Energy intensity
improved from 5.648 kcal/ton-of-products to 4.479 million kcal/ton-of-products during
dth same period.
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Figre 3A: Energy Intensity of Paper and Paperboard Production In Japan
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These achievements were brought about by the following factors:

(a) reducing heat loss and reusing waste heat at each stage of the process through
installation of closed drier hoods and reinforcement of insulaion;

(b) installing new energy saving equiprnent, such as cortinuous digesters;
(c) using black liquor with the introduction of high efficiency recovery boilers; and
(d) promoting waste paper recycling.

Because of the large potential for improving energy efficiency in the mills during
the early and mid-1980s, energy conservation was easily achived through careful
checking of operations and minor investm i wevamping. After the late 1980s,
however, payback of the investment in energy conservation became difficult because al
prices declined and then stabilized at low levels Since the mid-1980s, fuither energy
conservation has been achieved as enterprses have mvested in new plants and m
modernizing existing plants instad of revamping old plants.

Institutional support by the govermeent. The govenment has provided
preferential tax rates for the installation of new plants and equipment, which enbance
energy saving and fuel substitution.

83



M ures to Increue Energy Efficiency In the Five Countries' Pulp and Paper
lndustie

Thc final type of energy consumed in pulp and paper mills is mainly steam as a heat
source; steam consumption is much higher than that of electricity. According to data fo om
Japan's industry, 68 percent of energy input is effectively utilized for the main process and
the balance of 32 percent consists of boiler and turbine losses at utility plants. Steam
consumption accounts for 68 percent of total final energy used effectively, electricity for
26 percent, and fuels for direct heating, 6 percent. This energy balae is shown in Figure
3.5.14

Figure 3.: Energy Flow In Pulp and Paper Industry in Japan

6.1 0.4 429 50.6

| | bo~~~ler los W

| . hlh~~ufine lows 23.4_ L WA-

6.1 OA 11.1 43

17.8 45.9 4.3

Source: Japan Paper Association

Energy conservation in the pulp and paper mills is achieved mainly by the
following: (a) internal energy saving measures, which include reducing energy losses and
recovery of waste heat; (b) utilization of waste materials for fueL particularly wood waste
and black liquor, (c) cogeneration; and (d) utilization of waste paper.

14 apan Technical Association of the Pulp and Paper Industry.
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Internal energy saving. Energy can be saved by reducing heat and electricity
losses, by recovering and reusing waste heat, and by rationalizing energy demand at points
of use.

In general, steam loss (a major qpe of heat loss in the mills) can easily be found
and prevented through energy audits; measures for decreasing steam loss usually require
little or no investment. Major causes of steam loss are shown in Table 3.23. Miasures to
prevent steam loss include: (a) removing steam leakage; (b) changing defective steam
traps; (c) improving insulation; and (d) controlling stem use properly.

Table 3.23: Causes of Steam Loss

1. Inconect design and layout of the steam pipeline
2. Inproper insulation of the steam pipeline and heating eqnment
3. Improper operation of heat transfer equipment
4. Steam lakag
5. Poor steam controls
6. Inproper handling of condensate
7. Fuile blowdown
8. Malfunctioning of steam traps. etc.

Soc: World Bank

Eectricity conservation is also important because electric-powered equipment is
used for chipping, refining, pumping. and conveying. Measures to reduce electicity loss
include the following:

(a) replacing the existing motors, pumps and fans, etc., with motors and other
equipment of more appropriat design and capacity; and

(b) correcting plant layout which unnecessarily increased pumping and conveying
distances.

The above measures would reduce heat and electricity lses over the short run,
but improving energy efficiency in a major way would reqWre short-term investment in
revamping measures. Typical revamping measures are shown in Table 3.24. Recovenng
waste heat from effluent streams, for exampc, could reduce energy requirement by (a) 10
percent in the chemical recovery system and thrmo-mechanical pulp plant; (b) 20 percent

in a chemical pulping plant, and (c) 50 pecent in a bkaching plant [Ewing 19851.
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Utilization of waste material for fuel. Waste materials like bark, other wood

wastes, and black liquor are usually used as boiler fuel in pulp and paper plants. In the

United States, during the 1970s, wood wastes as a percentage of total energy required by

such plants rose from 7 percent to 14 percent. In Japan, black liquor supplies one-third of

the total energy requirement of such plants.

Table 3.24: Typical Revamping Measures

Wood handling. - use whole log chipping system
- use mechanical barking system instead of hydraulic system
- use belt conveying system instead of pneumatic system
-rationalize plant layout to reduce handling distance

Chemical pulping: - install continuous digester instead of batch digester
-use indirect heating instead of direct heating
- increase concentration of black liquor
- increase consistency of pulp washing

Blaching: - increase consistency of bleaching washing
Pulp drying
and paper making; - circulate water

- use high efficiency mechanical water removal equipment

Source: Ewing 1985

Figure 3.6: Utilization Rate of Waste Paper, 1990
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Cogeneration. If a plant's cogeneration system is designed to meet steam

demand, it can also supply about two-thirds of a plant's electricity requirement, resulting in

a large reduction in purchased electricity. In Japan, cogeneration supplies 62 percent of
the total electricity requirement of pulp and paper plants. For technical reasons,

cogeneration is particularly suitable for plants in this industry.

Utilization of waste paper. Producing pulp from waste paper requires only 10 to

30 percent of the energy needed to make chemical pulp from wood. Thus, it is another

important way to reduce energy consumption. In Japan in 1990, 52 percent of the paper

and paper board consumed was recycled for maldng paper products (see Figure 3.6).

China and India's Pup and Paper Industiy

The technical level of the pulp and paper industry in China and India lags behind

that in industrialized countries. To rationalize energy use in the two countries, the

following measures are necessary:

(a) reduce energy losses through energy audits;

(b) recover waste heat and raw materials, especially black liquor and wood wastes;

-c) improve technologies and equipment through revamping; and

(d) install cogeneration facilities, raise energy self-supply, and strengthen multiple uses

of energy.

Enlarging the size of pulp and paper plants would also improve energy efficiency.

Indonesia and Zhailand's Pip and Paper Indus&y

Because major pulp and paper plants were constructed during the 1980s, it might

be assumed that energy efficiency in the industry was comparable to that in the

industrialized countries. Several studies, however, indicate that energy savings of 20 to 30

percent are possible. Energy saving measures should be identified through energy audits

and systematic energy management at both the plant and enterprise levels. Better

housekeeping and some revamping would be necessary.
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4
ENERGY EFFICIENCY AND CONSERVATION

IN THE TRANSPORTATION SECTOR

OVERVIEW

The transportation sector has become one of the major final energy consumption

sectors in the five countries. Although China's transportation sector accounts for only 9

percent of its total final energy consumption, transportation's share in the other countries

is quite high, especially in Thailand.(see Figure 4.. 1) After reviewing development and

energy efficiency in the transportation sector, this chapter discusses the two main

subsectors. roads and railways.

Flgure 4.1: Share of Transportation Sector in Final Energy Consumption, 1990
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Devdopment of the Transportation Sector

Energy consumption in the transportation sectors of the five countries has grown

proportionately more than income because income elasticity of demand for freight and

passenger transportation is considerably higher than unity (see Chapter 7). Figure 4.2

indicates that energy consumption per capita in the sector increases sharply after income
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per capita reaches US$1,000-3,000. This relationship. coincides with the relationship
between GDP per capita and car ownership per capita (see Figure 4.3). Increases in
income have brought about sharp increases in the sectoes energy consumption and in the
number of cars in Korea and Thailand. Energy consumption in Indonesia's transportation
sector is likely to increase sharply in the near future if income continues to increase.

Figure 4.2: Relationship between Income and Energy Consumption
in Transportation Sector
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Fig 4.3: Rbetween GDP Per Capita and Car Ownership
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Energy Emciency in the Transportation Sector

Rapid motorization, in combination with a smaller increase in the demand for rail
transportation, has reduced energy efficiency in the transportation sectors of the

developing countries. This is because energy consumption per unit volume of
transportation on roads is much higher than that on railways. Although the railroads in

China and India are still important, motor transportation has become the dominant mode.
In the other three countries, the transportation sector is heavily dominated by motor
vehicles, and improvements in energy efficiency are expected to be difficult. This is

because car users tend to shift from small cars to larger and more luxurious cars with

incrases in income and because traffic congestion in large cities like Bangkok and Seoul

rduces the fuel economy of motor vehicles.

To incrse energy efficiency in the transportation sector, the following structural
and technical measures are needed:

(a) Modenization of railway systems: In China and Indonesia, replacement of steam

locomotives with electric and diesel locomotives would be the most effecdve way
to improve energy efficiency on railways. In addition, turning single-track rail lines

into double-track lines would increase iheir capacity.

(b) Modernization of car design and manufacturing: In India, for example, motor
vehicles of 1960s vintage are still supplied to the domestic market Their use

decreases average energy efficiency.

(c) Alleviation of traffic congestion: Traffic congestion is the most serious obstacle to

better energy efficiency in the transportation sector. To alleviate traffic congestion.

expansion of mass transportation systems and better city planning are necessary.

CHINA'S TRANSPORTATION SECTOR

The transportation sectores 9 percent share of final energy consumption in China

has not changed much since 1980. The growth rate of energy consumption in this sector
was 5.2 percent p.a. between 1980 and 1990, and thus was higher than the growth rate of

total final energy consumption, 4.7 percent p.a. As shown in Table 4.1, the road and
railway subsectors accounted for 82 percent of the energy used in the transportation
sector during the 1980s. Internal waterways and domestic airways accounted for the rest
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Table 4.1: Energy Consumption in China's Transportation Sector

(thousand tons of oil equivalent)

Rnal Lar ConmpMmw Amae Grwt Raft

1980 1985 1990 80-85 85-90 1980090

Tr.porlatino otai 27.100 100% 35.500 100% 44.800 100% 5.5% 4.8% 5.2%

Road 11,000 41% 15.700 44% 22,500 50% 7.4% 7.5% 7A%

Railway 12.300 45% 14.000 39% 14.000 31% 2.6% 0.0% 1.3%

Oders 3,800 14% 5.800 16% 8,30W 19% 8.8% 7?A% 8.1%

Source: LBL

Road utansportation developed much faster than railway transportation in the

1980s (see Table 4.2). Passenger traffic on roads increased at a rate of 13.3 percent p.a.

between 1980 and 1991. That was much higher than the growdt rate of total passenger

traffic. Conversely, the growth rate of railway passenger traffic was only 6.7 percent p.a.

As a result, road passenger traffic as a share of all traffic increased from 32 percent in

1980 to 46 percent in 1991, while railway passenger traffic decreased from 61 percent to

46 percent. This modal shift was also observed in freight transportation. Road freight

grew twice as fast as railway freight between 1980 and 1991. Nonetheless, the increase
in the volume of passengers and freight on railways suggests that railways will continue to

be a substantial part of the sector.

Road Transportation

Motor vehicles in use. Car ownership in China is the lowest among the five

countries at one car per 245 persons in 1990. However, car demand is high, and Table 4.3

shows that the speed of motorization has been remarkable since the mid-1980s. The

growth rate of cars in use was more than 20 percent p.a. between 1985 and 1991.1

Although precise data on fte number of heavy duty vehicles are not available, the total

number of motor vehicles, including buses and trucks, was estimated at 3.2 million in 1985

and is projecied to quadruple by the year 2000 [Yang].

KNussan Motor Handbook
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Table 4.2: Development of Road and Railway Transportation In China
(billion passenger-km, billion ton-km)

9JOl 1985 1991 AnnualGrowuh Rate

1980-91

PFmentoIaI 228 100% 444 100* 618 100% 9.5%

Road 73 32% 172 39% 287 46% 13.3%

Railway 138 61% 242 54% 233 46% 6.7%

Othes 17 7% 30 7% 4P 8% 9.9%

FritloeaN 1.203 100% 1,813 100% 2;799 100% 8.0%

Road 76 6% 169 9% 343 12% 14.6%

Railway 572 4837 813 45% 1.097 39% 6.1%

Others 555 146% 831 46% 1.359 49% 9.9%

Note: Others include air. waler, and pipeline.
Source: Staiistical Yearbook of China 1992

FEbd consumption. The energy consumption of road transportation increased to

22.5 million tons of oil equivalent (toe) in 1990, the growth rate being a substantial 7.5

percent p.a between 1985 and 1990. If the total number of vehicles (including heavy duty

vehicles) quadruples by 2000, they will consume an estimated 35 to 36 million tons of

gasoline and diesel oil by then [Yang];

Table 43: Vehicles in Use in China

(in thousands)

1980 1985 1990 Anual Growth Rate
80-85 85-90 80-90

Totb 930 2.013 5.092 16.7% 20.4% 18.5%
Passengcr car 60 182 1.007 24.9% 40.7% 32.6%

Commercial car 870 1.830 4.084 16.0% 17.4% 16.7%

Note: Heavy duty vehicles, such as buses and trucks. are excluded.
Source: Nomua Research Institute

Ralway Transporatio

Development of railway system. The railway network expanded very slowly

during the 1980s. There was only a 7 percent increase, from 49,940 kilometers in 1980 to

53,400 kilometers in 1991. However, the volume of passengers doubled between 1980

and 1990, and freight volume increased by 92 percent. The replacement of old steam

locomotives with diesel and electric locomotives was promoted strongly during the
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Seventh Five-Year Plan (1986-90). As a result, diesel and electric traction climbed f*om
20 percent in 1980 to 71 percent in 1990. The government plans further modernization
during the Eighth Five-Year Plan (1991-95), including:

(a) changing 4,100 kilometers of existing single-track lines into double-track lines;
(b) electrifying 5,600 kilometers of existing lines; and
(c) constructing 6,600 kilometers of new lines.

Energy consumption. As steam locomotives have been retired, the pattern of rail
energy consumption has changed. Coal's share of consumption decreased 12 percentage
points, from 81 percent to 69 percent, between 1985 and 1989, while that of oil increased
6 percentage points, from 13 percent to 19 percent, and that of electricity almost doubled,
from 6 percent to 11 percent (see Table 4.4).

Table 44: Rail Share of Energy Consumption

1985 1989
coal 81% 69%
Oil 13% 19%
Elecricity 6% 11%
Source: Yang, Hongnian

Energy Efficiency

The ratio of the growth rate of energy consumption to the growth rate of
transportation volume during the 1980s is estimated to be 0.6 for transportation as a
whole, around 0.5 for roads, and around 0.3 for railways (see Tables 4.1 and 4.2). The
ratio for railways is lower because steam locomotives have been replaced with more
efficient diesel and electric locomotives. The energy efficieu..y of a steam locomotive is an
estimated 6 percent, that of a diesel locomotive, an estimated 22 percent, and that of an
electric locomotive, 27 percent.2 When a steam locomotive is replaced by a diesel
locomotive, energy consumption is cut by three-fourths.

The energy efficiency of road transportation also increased. During the 1980s
almost all of China!s domestic carmakers imported modem technologies from Ameican,

2 Ihe Railway Technical Research Institute in Japan.
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European and Japanese automakers through technical "tie-ins" and "knock-down"

production.

Table 4.5: Energy Intensity of Transportation In China

(kilocalories per ton-kilometer)

Road
Truck (gasoline) 497
Truck (diesel) 329
Bus (gasoline) 567
Bus (diesel) 455

Railway
Steam locomotive 177
Diesel locomotive 43
Electric locomotive 46

Source: Yang, Hongnian

The Institute of Comprehensive Transportation of the State Planning Commission

calculated hypothetical energy intensities (see Table 4.5) and found that even if steam

locomotives (the least energy-efficient type) are used, the overall energy intensity of

railways is still only half that of roads. If diesel or electric locomotives are used, the

energy intensity of railways is one-seventh that of roads.

These magnitudes compare well with those of Japan, wbere the energy intensity of

freight transportation on Japan Railway was 112 kcal/ton-km in 1990, compared to 620
kcal/ton-km3 on roads. Therefore, the shift from railways to roads in China nay increase

the overal energy intensity of transportation even though the energy intensity of railways

has been decreasing.

INDIA'S TRANSPORTATION SECTOR

The transportation sectores share of India's final energy consumption decreased

from 24 percent in 1980 to 21 percent in 1990. Although energy consumption in this

sector grew 3.5 percent p.a. between 1980 and 1990, that growth rate was the lowest for

final energy consumption in the major sectors; the growth rates of final energy

consumption sectors as a whole, the industrial sector, and the bousehold/commercial

sector were 5.2 percent, 5.0 percent, and 7.0 percent p.a., respectively.

3 Cntal Japan Railway Company.
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As in China, a strong modal shift from railways to roads is obvious in India The

share of the sector's energy consumption for roads increased from 55 percent in 1980 to

74 percent in 1990, whereas that for railways decreased from 36 percent to 17 percent

during the same period (see Table 4.6).

Table 4.6: Energy Consumption in India's Transportation Sector

(thousand tons of oil equivalent)

Final Energy Consumption Annual Growth Rate
1980 1985 1990 80-85 85-90 80-90

Trausportaon total 18.436 100% 21.895 100% 26,124 100% 3.5% 3.6% 3.5%

Road 10.050 55% 14.108 64% 19.285 74% 7.0% 6.5% 6.7%
Railway 6.707 36% 5.928 27% 4.562 17% -2A% -5.1% -3.8%
Others 1.679 9% 1.859 8% 2.276 9% 2.1% 4.1% 3.1%
of which: Intemational 1.214 7% 1.545 7% 1.844 7% 4.9% 3.6% 4.3%

airway
Source: IEA

Road Transportation

Motor vehicles in use. While India ranks high among developing countries in the

number of registered cars-about 2.5 million at the end of March 1989 (jeeps and xis

included, see Table 4.7)-the rate of ownership is still small: an estimated one car per 210

persons in 1990. This rate is comparable to that of China. Growth in number of cars was

more than 10 percent p.a. between 1981 and 1989, while that of motorcycles was almost

20 percent p.a.

Fuel consumption. The rapid increase in the number of vehicles has spurred the

demand for motor fuels, consumption of which grew 6.7 percent p.a. between 1980 and

1990 (see Table 4.8). There was a large shift from diesel oil to gasoline, mainly caused by

the large increase in the number of passenger cars. After deregulation of the car industry

in 1982, domestic carmakers started to introduce modern technologies fom industalized

countries, and domestic production has increased significantly since the mid-1980s.
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Table 4.7: Vehicles In Use In India
(in thousands)

End of March: 1981 1985 1988 1989 Annual Growth Rate
81-85 85-89 81-89

Buses 154 211 261 294 8.2% 8.6% 8.4%
Trucks 527 782 1,072 1,197 10.4% 11.2% 10.8%
Cars, jeeps & taxies 1,117 1,546 2,240 2,481 8.5% 12.6% 10.5%
Subtdal 1,798 2.539 3,573 3,972 9.0% 11.8% 10.4%
Motorcycles 2,528 5,121 9.228 10,617 19.3% 20.0% 19.6%
Others 847 1.346 1.838 2.104 12.3% 11.8% 12.0%
Total 5,173 9.006 14,639 16,693 14.9% 16.7% 15.8%

Source: Statistical Outline of India 1992/93

Table 4.8: Fuel Consumption of Road Transportation
(thousand tons of oil equivalent)

1980 1985 1990 Annual Growth Rate

80-85 85-90 80-90
Total 10.050 100% 14,108 100% 19.285 100% 7.0% 6.5% 6.7%
Gasoline 1.629 16% 2.404 17% 3,840 20% 8.1% 9.8% 9.0%
Diesel oil 8.410 84% 11.693 83% 15.427 80% 6.8% 5.7% 6.3%
Others 11 - 11 - 18 - - - -

SowU=C IEA

Fuel prices. As shown in Figure 4A the government has kept the price of diesel
oil lower than that of gasoline through regulation and taxation. Heavy taxes, such as
excise/customs duties and sales taxes, have also been imposed on gasoline at rates about

four times higher than those on diesel oil. These taxes in 1992 were 5.10 rupees/liter on
gasoline and 1.29 rupees/liter on diesel oil.

Raiway Transportaton

Development of railway system. Between 1980 and 1990 the growth rates of
railway transportation were 3.5 percent p.a. for passengers and 4.3 percent p.a. for freight
(see Table 4.9). These growth rates were exceeded by those for road transportation.
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Figure 4.4: Prices of Motor Fuels in India
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Energ consumptionL Indwias old stm locomotives have been replaced by difsel
and electric locomotives. As a result, coal, which accounted for 84 percent of total energy
consumption on railways in 1980, accounts for only 54 percent in 1990. Conversely,
diesel oil's share increased from 13 percent to 37 percent, and electricity's from 3 percent
to 9 percent during the same period (see Table 4.10).

Table 49: Development of Government-owned Railways in India
(billion passenger-km, billion ton-kn)

1980l81 1989/90 1990/91 Annal Growth Rate
80/81-90/91

Passenger 209 281 296 3.5%
Freight 159 237 243 4.3%

Source: Statstical Ouflinw of India 1992193
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Table 4.10: Energy Consumpton of India's Railways
(thousand tons of oil equivalent)

1980 1985 1990 Annual Growth Rate

80-85 85-90 80-90
Tolal 6.707 100% 5.928 100% 4.562 100% -2.4% -5.1% -3.8%

Coal 5.637 84% 4.343 73% 2.468 54% -5.1% -10.7% -7.9%
Oil products 876 13% 1.316 22% 1,703 37% 8.5% 5.3% 6.9%
Ekltricity 195 3% 268 5% 391 9% 6.6% 7.8% 7.2%

Sourc: MEA

Energy Effdciency

Energy efficiency in India's transportation sector has increased. The growth rate of

energy consumption in road transportation was much smaller than growth in number of

vehicles during the 1980s, implying improvement in the overall energy efficiency. Energy

consumption in railway tansportation decreased during the same period while passenger

and freight volume increased, meaning that fuel consumpdon per unit volume of transport
on railways decreased drastically.

Roads. The energy efficiency of road transporation has improved. Thanks to

deregulation of domestic investments by foreign carmakers in 1982, new manufacturers4

introduced new and more efficient vehicles into the domestic market, where shares of new

models increased. However, some vehicles with 1960s technology are still produced. As

a result, the energy efficiency of road transportation is still low compared to that of

industrialized countries.

Raiways. Because of the replacement of old steam locomotives with diesel and

electric locomotives, energy intensity in rail transportation has been declining. However,

coalrs share of total energy consumption by the railways in 1990 was still more than 50

percent. Hence, there is plenty of room in this subsector for improvement in energy

efficiency.

4 At present. forign investoms can hold up to 5 1% of domestic car company's stock.
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INDONESIA'S TRANSPORTATION SECTOR

The growth rate of energy consumption in Indonesia's transportation sector was

6.0 percent p.a. between 1980 and 1990, making it higher than that of the other sectors:

5.5 percent p.a. for total final energy consumption, and 4.8 percent p.a. for the industrial

sector. The transportation sector's share of final energy consumption in 1990 was 33

percent and changed very little during the 1980s.

The transportation sector in Indonesia depends almost exclusively on oil products,
with gasoline and diesel oil accounting for 90 Percent of total energy consumption in this

sector (see Table 4.11). Indonesia's railroad plays a very small role in transportation.

Table 4.11: Energy Consumption in Indonesia's Transportation Sector

(thousand tons of oil equivalent)

Finad Ewregy C pswpion Anu Growth Rate

1980 1985 1990 80-8s 85-90 80-90

Toeu &.tn tl| 6.203 100% 7.244 10% 11.108 100% 3.2% 8.9% 6.0%

Rond 5.409 87% 6.508 90% 9.386 84% 3.8% 7.6% 5.7%

Railway 14 - 20 - 0 - 6.8% - -

Odbus 780 13% 716 10% 1,722 16% -1.7% 192% 8.2%

ofwhjch: Intemaiional airway 599 10% 530 7% 969 9% -2.4% 12.8% 4.9%

Sour= [EA

Road Transportation

Motor vehides in use. The number of registered passenger cars and commercial

vehicles (excluding buses and trucks) increased at a rate of 8 percent p.a. between 1980

and 1990 (see Table 4.12). The growth rate of commercial cars was 1.7 times that of

passenger cars. However, about half of the commercial cars are believed to be used, in
fact, as passenger cars. A heavy luxury tax of 35 percent (30 percent before January 1,

1992) was imposed on passenger cars, while the tax on commercial cars was only 20
percent (10 percent before January 1, 1992). The rate of car ownership in 1990 was the

lowest in the ASEAN countdes: one car per 63 persons.
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Table 4.12: Vehicks In Use In Indonesa

(in thousanids)

1980 1985 1990 Annual Growth Rare

80-85 85-9D 80-90

Passenger car 729.52 56% 965.25 48% 1.288.90 46% 5.8% 6.0% 5.9%
Commercial car 564.23 44% 1,040.27 52% 1,503.50 54% 13.0% 7.6% 10.3%
Told 1.293.75 100% 2.005.51 100% 2.792.40 100% 9.2% 6.8% 8.0%
Motorcycle Z671.98 4,794.52 6.078.92 12.4% 4.9% 8.6%

Note: Heavy duty vehicles, such as buses and trucks. are excluded.
Source: Nomura Research Institute: Honda Motor Co., Ltd.

Fuel consumption. The share of gasoline in motor fuel consumption decreased

from 55 percent in 1980 to 52 percent in 1990 (see Table 4.13). This is because 80

pecent of the market for new cars is dominated by commercial cars, for which a diesel
engine is generally preferred due to its good fuel economy.

Table 4.13: Fuel Consumptlon In Road Transportation

(thousand tons of oil equivalent)

1980 1985 1990 Awual Growth Rate

_________ ____________________________________________ 80M85 85-90 80-90

T'otl 5,409 100% 6.508 100% 9.386 100% 3.8% 7.6% 5.7%
Gasohne 2.995 55% 3.232 50% 4.879 52% 1.5% 8.6% 5.0%
Diesel oil 2.414 45% 3.276 50% 4.506 48% 6.3% 6.6% 6.4%

Source. [EA

Fel prices. Through government regulation, the price of diesel oil has been kept

lower than that of gasoline because diesel oil is mainly used for commercial cars, buses,

and trucks (see Figure 4.5). The price differential between gasoline and diesel oil had

dereased by the mid-1980s, but the ratio of the price of regular gasoline to that of diesel

oil has been in the range of 1.5-2.0.
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Figure 4.: Prices of Motor Fuel in Indonesa
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Energy Efficency

The ratio of the growth rate of motor fuel consumption to the growth rate in the
number of vehicles was approximately 0.7 between 1980 and 1990. One reason could be

that the energy efficiency of cars in Indonesia in the early 1980s was not low, and

consequently, improvements have been moderate. Cars supplied to the domestic market

since the late 1960s have been chiefly reassembled from parts imported from indused

countries. Therefore, their energy efficiency surpassed that of vehicles in China and India

during the 1970s and the early 1980s.

The prospects for better energy efficiency are uncertain because of conflictig

trends. Car manufactg is an important industry in Indonesia, and the government is

actively involved in promoting quality. This should lead to improvements i energy

efficiency, but other factors may worsen it. These factors include growing traffic

congestion in city areas and the increasing number of luxury cars with high fuel

consumption.
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KOREA'S TRANSPORTATION SECTOR

Energy consumption in the Korean transportation sector increased faster than in
other sectors in the 1980s (see Table 4.14). Between 1980 and 1990, the growth rate of
energy consumption in this sector reached 10.7 percent p.a.;5 conversely, those in the
industrial sector and the household/commercial sector were 7.5 percent and 5.2 percent
p.a., respectively. The growth rate of energy consumption in the transportation sector
was especially high during the second half of the 1980s due to an economic boom,
reaching 15.2 percent p.a. In 1990, this sector accounted for one-fifth of total final energy
consumption.

Road transportation dominates energy consumption in this sector, with three-
fourths of total consumption in 1990. Railway transportation accounted for only 3
percent of energy consumption in Korea. Internal waterways and domestic and
intemational airways, had the renaining share.

Table 4.14: Enry Consumpdon In Korea's Trsnsportation Sector
(thousand tons of oil equivalent)

Firad Ener,v COAUUwpnmim Amad Growth Rtae
1___ _ _ 1983 1985 1990 83-85 85-90 83-90

TieuIU1mmIiaI 5.992 100% 7.046 100% 14.272 1009 9.4% 152% 13.5%
Ran 3.989 68% 5.137 73% 10333 74% 13.5% 15.6% 15.0%
Ralway - . 375 3% .

WhM 1.857 3X% 1.846 26% 3.314 23% -0.3% 124% 8.6%
of wlch: Inualemr aiway 1.012 17% 1.025 15% 1.769 12% 0.6% 115% 8.3%

SDku: IEA

Road Trmportution

Motor vehcles In use. From the mid- to the late 1980s, aided by preferable
treament from the govemment. Korean car production increased significantly; car exports
soard This development also enhanced domestic motorization (see Table 4.15). The
number of registered cars, excluding heavy duty cars, increased at a rate of 25.0 percent
p.a. between 1985 and 1990, while that of registered passenger cars recorded a growth
rate of 30.1 pent p.a. Despite the decle of car exports after 1988, domestic demand

5 e twen 1913 and 1990. the growth rate of ener consumption was 13.S% pa (see Table 4.14). The
ratu was higher in the late 1980s h in dte early 1980s.
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has remained strong. Because the rate of car ownership --one car per 12 persons- is still
low compared to that of industrialized countries, car registration is expected to continue
to rise.

Table 4.15: Vehides in Use In Korea
(in thousands)

1980 1985 1990 Annual Growth Rate
80X85 85-90 80-90

Passenger car 249 489% 557 50% 2.075 61% 17.4% 30.1% 23.6%
Commercialcar 269 52% 557 50% 1.320 39% 15.6% 18.8% 17.2%
Total 519 100% 1.113 100% 3.395 100% 16.5% 25.0% 20.7%
Motor cycle 216 711 1.385 26.9% 14.3% 20.4%

Note: Heavy duty vehicles, such as buses and trucks. are excluded.
Sourc Nomura Research Institute. World Motorcycle Facts & Figures.

Ful consumption. The rapid increase of gasoline consumption has been caused
by the boom in motorization (see Table 4.16). The purchasing of cars has been expanding
from the rich to the middle class. Diesel oiL which is mainly used for commercial and
heavy duty vehicles, still account for the largest share of motor fuel consumption, but
growth in its consumption is much lower than that of gasoline. LPG is mainly used for
taxis. The growth of LPG consumption in the fuure might be lower than that of gasoline
and diesel oil because the increase in number of taxis is expectcd to be moder.

Table 4.16: Fuel Consumption in Road Thnsportation
(thousand tons of oil equivalent)

1983 1985 1990 ADuIl Growth Rale
_83-85 85-90 83-90

Total 3.989 100% 5,137 100% 10,583 100% 13.5% 15.6% 15.0%
LPG 514 13% 660 13% 1,098 10% 13.3% 10.7% 1 1.5%
Gline 565 14% 849 17% 2.791 26% 22.6% 26.9% 25.6%
Diesel oi 2,86 72% 3,609 70% 6,661 63% 122% 13.0% 12.8%
Oths 2 0% 20 0% 32. 0% _ _

Souroe: IEA

Fuel prices. Although prices of some oil products were liberalized in the 1980s,
those of diesel oil and LPG are still under government regulation. The prce of regular
gasoline is 2 to 3 fimes higher than that of diesel oil due to the imposition of heavy taxes:
70 percent on regular grade gasoline and 85 percent on premium grade (see Figure 4.6).
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The tax on diesel oi is only 9 percent. This large price differential as well as the better
energy efficincy of diesel engines has created a large demand for diesel-powered
vehicks.

Fft= 4.6: Pris of Motor Fuel in Korea, 19W90
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anry Efidency

The growth of gasoline consumption was higher than that of the number of cars in
the 1980s (compare growth rates given in Tables 4.15 and 4.16). This means that the
overail energy efficiency of cars has decreased, probably because larger and more
powerful passenger cars have been introduced into the market. Another probable reason
is taffic congestion in city areas, especialy in Seoul, where approximately 40 percent of
Korea's passenger cars are registered. On the other hand, the energy efficiency of Korean
cars is comparable with that of cars produced in the industrialized countries.

' Nma RvcaIse tte, LidL
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THAILAND'S TRANSPORTATION SECTOR

Thailand's transportation sector, unlike those of the other four countries, has the
largest share in final energy consumption (see Table 4.17). Its share increased from 45
percent in 1980 to 54 percent in 1990. The growth rate of energy consumption in this
sector was also the highest among the major fnal energy consumption sectors at 10.4
percent p.a. between 1980 and 1990.

The structure of energy demand in the transportation sector is extremely rigid
because transportation depends heavily on roads traveled by vehicles using gasoline or
diesel oil. Road transportation accounted for around three-fourths of total energy
consumption in the transportation sector in 1990.

Table 4.17: Energy Consumption in Thalland's Transportation Sector
(thousand tons of oil equivalent)

Fina Energy Conuw_pion Armw Growh Am
1980 1985 1990 8S5 85-90 80.90

Total uanspnadona1 4.253 100% 6.075 100% 11.4 100% 7.4% 13.6% 104%
Road 3295 77% 4.854 80% 8.631 75% 8.1% 12*% 10.1%
Railway 0 0% 0 0% 105 1% - - -

O,Jiaa 957 23% 1.221 20% 2.734 24% 5.0% 17.5% 23A%
of whh: rntemuadnal airway I 0S 19% 1.054 17% 1.942 17% 5.5% 13.0% 19.2%

Source IEA

Rod Transportaton

Motor vehicles in Uses In 1990 the number of registered cars, excluding heavy
duty vehicles, reached 2.5 million (see Table 4.18). That was the second largest in the
ASEAN countries, behind Indonesia. Commercial cares share of registered cars increased
from 55 percent in 1980 to 72 percent in 1990. The growth rate of commercial cars in use
was 13.8 percent p.a. during this period, and that of passenger cars, 5.7 percent p.a.. Tbis
is because heavy import7 and sales taxes have been imposed on passenger cars, causng

consumers to favor commercial cars. Because of favorable tax rates for commercial cars
and the large share of the population engaged in agriculture (about 70 percent), one-ton
pickup trucks are estimated to account for 50 to 60 percent of the demand for new cars

7 In July 1991 the impoft tax on passenger cars was reduced.
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Demand for motor vehicles, especially for passenger cars, has been concentrated in

Bangkok because of its high income. Around 60 percent of the passenger cars sold in

1990 were registered in Bangkok. However, this concentration of cars in Bangkok has

been declining due to a decreasing differential in wealth.

Table 4.18: Vehices In Use in ThaUland
(in thousands)

1980 1985 1989 1990 Annual Growth Rae
R8085 85R90 -0.90

PUagmcr 397 45% 485 41% 656 30% 694 28% 4.1% 7.4% 5.7%
Conmircial car 484 55% 702 59% 1.523 70% 1.763 72% 7.7% 20.2% 13.8%
Told gal 100% 1.187 100% 2.179 100% 2.457 100%9 6.1% 15.7% 10.89%
Motor cycle 1.562 2.411 4.139 no 9.1% *14.S% 011.4%

Note: Heavy duty cas such as buses md acmks. arc excluded.
a 1985-19.
Source: Nonm Research Institute. Honda Motor Co.. Lt.

Fud consumption. Demand for diesel oil exceeds demand for gasoline (see Table

4.19). In 1990, diesel oil accounted for two-thirds of total motor fuel consumption. The
growth rate of consumption of diesel oil was 13.3 percent p.a. between 1980 and 1990,
while that of gasoline was 9.7 percent p.a. Diesel engines are usually preferred because of
the lower pices and better fuel economy.

Table 4.19: Enery Use In Road Transportation
(thousand tons of oil equivalent)

1983 1985 1990 Annual Growth Rate

83-85 85-90 83-90

ToWal 4.018 100% 4.854 100% 8.631 100% 9.9% 12.2% 1 1.5%

LPG 183 5% 246 5% 129 1% 16.0% -122% -49%

Gasoline 1.452 36% 1.476 30% 2,777 32% 0.89% 13.5% 9.7%

Dieswl oil 2.383 59% 3.132 65% 5.726 66% 14.7% 12.8% 13.3%

Soumce: IEA

Feld price.. Although the prices of oil products were liberalized in 1991, the price

of regular gasoline was about 30 percent higher than that of diesel oil because of the
differential in taxes (see Figure 4.7).
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Figure 4.7: Prices of Motor Fuel In Thailand, 1980-90
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Energy Efficiency

During the 1980s the growth of gasoline consumption was much higher than
growth in the number of passenger cars. This means that the energy efficiency of
passenger cars was declining. The probable reasons were: (a) a consumer shift from small
cars to larger and more luxurious ones; and (b) heavy traffic congestion in Bangkok.

The energy efficiency of cars produced in Thailand is similar to that of cars made
in industrialized countries. Since the 1960s, joint ventures involving domestic compamies
and Japanese and European carmakers have produced cars in Thailand through a knock-
down process. They produce models simlar to those supplied to the markets in
industrialized countries.

Drastic measures to alleviate Bangkokes traffic congestion will be necessary to
improve the energy efficiency in the transportatuon sector. These measures include sticter
regulations on traffic, introduction of mass transportation systems, and better city
planning.
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MEASURES TO INCREASE ENERGY EFFICIENCY
IN ASIA'S TRANSPORTATION SECTOR

This section discusses mainly technical measures to improve the energy efficiency
of road and railway transportation. Rapid motorization is occurring in the five countries,
and China and India mark a modal shift from railways to roads. As far as energy efficiency
is concemed, however, the modal shift is not a favorable trend.

Some of the five countries still produce outdated cars whose use reduces the
overall efficiency of energy use on roads. Rapid motorization has also caused traffic

congestion in some of the largest cities, causing the average energy efficiency of cars to
decline.

To increase the role of railways, modernization is necessary. Railway
transportation has some significant advantages over road transport, including greater
energy efficiency and the capacity to carry large volumes of freight and passengers for
long distances. In Japan, for example, the energy efficiency of railway freight is about 5.5
times higher than that of truck freight.8 Rail systems are less flexible than road systems,
however, and rail system construction requires large capital investments.

Roads

The-c a'e two ways to improve the fuel efficiency of motor vehicles:
improvements in car design and traffic condition.

Improvement of car design. Measures to improve the energy efficiency of cars
are:

(a) improving engine combustion-e.g., increasing the compression mtio and
introducing lean bun technology;

(b) reducing friction losses;
(c) improving the efficiency of power transmission-e.g., locking up the torque

converter and introducing continuous variable transmission;

t Based on the data frio e Central Japan Railway Conpany, the energy intensity of railway freight in
Japan in 1990 was 112 kcal/ton-kmn, and that of truck freight was 620 kcalhon-kmL
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(d) reducing kinetic energy losses-e.g., introducing energy saving tires and reducing
car weight; and

(e) reducing aerodynamic drag.

The energy efficiency of motor vehicles in industrialized countries has been
improved through the above measures. Figure 4.8 depicts the i ment achieved by a
Japanese automaker. The energy effrciency of its 1.8 liter engine increased 25 percent
between 1978 and 1992. Funher irnprovement, however, will be more diffict without
significant technological breakthroughs.

Motor vehicle size also affects energy efficiency. The average fuel economy of
new cars in Japan increased between 1975 and 1982, but decreased after 1982 (see Figure
4.9). As the income of car owners increased, many have switched from smaller cars to
larger and heavier ones.

Figure 4.8: Energy Efficiency Improvement of a Gasoune Engine (Nisn)
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Figure 4.9: Average Fuel Economy (10-Mode) of New Modds In Japan, 1974-90
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Improvement of traffic conditions. Despite improvements in motor vehicle
technology, worsening traffic conditions have reduced energy efficiency not only in
developing countries but also in industrialized countries. Mitigating traffic jams is,
therefore, highly desirable. One study concluded that the average energy efficiency of cars
in Tokyo might icrease 20 percent if the current average speed of 19 km/hr could be
raised to 30 km/hr [Nakajima 1993].

Railways

The energy efficiency of the railways in China and India is lower than that of
industrialized countries because steam locomotives have not yet been completely replaced
by diesel and electric locomotives. The most effective way to increase the energy
efficiency of railways is to replace steam locomotives with diesel or electric locomotives
(see Table 4.20). Theoretically, the efficiency of electric traction is better than that of
diesel, but selection depends on local energy supply, technological levels, and
infrastructure.
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Table 420: Energy Effickncy of Steam, Dksel, d Electric Traction

steam 6% Diesel 22% Electric- 27%
- boiler 66% - diesel engine 33% - thermal power plant (nt)* 37%
- steam engine 12% -gears 85% -tranunisslon 97%
- mechanicals 80% - torque converter 80% - subsution in railway 98%

- distribution 95%
- dectric motor 80%

* Data are based on Japan.
Source: The Railway Technical Research Institute (Japan)
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5
ENERGY EFFICIENCY AND CONSERVATION

IN THE HOUSEHOLD SECTOR

OVERVIEW

The five countries examined here contain more than 40 percent of the world's
population. China, India, and Indonesia are the first, second, and fifth most populated
countries in the world, respectively. Household energy use is therefore a prominent issue
in these countries. Rapid economic growth in the last decade has brought about
significant improvement in the standard of living, accelerated the use of commercial fuels,
and created a strong demand for electricity. Energy conservation opportunities in the
household sector abound. Each country can benefit from promoting fuel-switching,
adopting more energy-efficient building standards, and introducing more efficient end-use
equipment.

Pates of Energy Consumption

Because of differences in demographic, geographic and economic conditions, and
in energy resources endowment, household energy consumption in these countries
presents quite different characteristics, al'hough they also share some commnon features.

China, India, Indonesia, and Thailand all have large rural populations but are
undergoing rapid urbanization. Biomass still plays an important role in household energy

use in these countries but has been incrasingly replaced by comnmria fuels and
electicity.

The different climates of the five countries have very different effects on household
energy demand. China stretches from a northern temperate zone to a sub-tropical zone.
Indonesia is in the tropical zone; India and Thailand are in both the sub-tropical and
tropical zones; and Korea is in the norhern temperate zone.

Economically. the five countries also differ. While Korea has completed -its
idialization phase, the rest are moving in that direction at varying rates of speed.
With incrasing disposable income per household, the demand for electnc appliances and
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high-quality energy and services also grows.

Some basic indicators are shown in Table 5.1. Direct comparisons may not be
very infomative, however, because of built-in differences and exogenous factors, such as
accounting methods and climate.

Table 5.1: Household (HF) Energy Use and Related Indicators, 1990

China India Indonesia Korea Thailand
GNPpercapih (1991USS) 370 330 610 6.330 1.570
Populadon (mnillion) 1,128 827 179 43 56
- Urban Share 26% 28% 28% 72% 22%
ToWa Energy Demand (nmllion toe) 810 270 78 92 36
- Share of HH Energy Demnd 37% 45% 45% 30% 12%
- Shae of Bionmas Demand 24% 39% 41% cl% 20%
HHFuel Use percapia (kgoe) 256 154 100 320 40
HH Elecridty Use per capita (kWh) 43 30 S0 412 144
Elecuzification Rae (% of population) dO c40% cS0% 100% (50%

Souces: Lu 1993; ADB 1992; Saty and Goldman 1991.

Meamres for Energy Conservation

Energy consumption in this sector is expcted to grow swiftly, thanks to riig
incomes. Along with potenily high demand for energy, as well as low energy prices,
low efficiency of energy use mxcelerates energy consumption. Major measures to inse
energy efficiency in this sector include: (a) improving the efficiency of home eating and
cooking through the intrduction of modem stoves and dniztion of obsoete beat
distnibution systems, and (b) improving the energy efficiency of electic appliances
prduced domestically.

CHINA'S HOUSEHOLD SECTOR

There were about 280 million households in China in 1990, conuming about 48
billion kWh electicity, 84 milli toe coal, 200 million toe bioma, and 8 million toe
other ypes of energy. About 40 percent of fin energy demand (inelaing biomass)
occurs in the household sector.

Household enr consumption is domiated by coal and bionmss. Cooking and
space heating are the chief end uses. About 70 percent of the population still lives in riul
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areas and relies heavily on biomass (mainly crop stalks and firewood) for fuel; biomass

supplies about 80 percent of rural household energy demand. Coal dominates the urban

household energy market, with 80 percent of the share. Cooking and space heating

account for over 95 percent and 90 percent of the energy use in rural and urban

households, respectively, reflecting China's climatic variability and relatively low standard

of living. Table 5.2 shows the pattern of household energy use.

Table 5.2: Household Energy Demand In China

(million tons of oil equivalent)

1980 1990 Rural Urban
Electricity 3 13.6 Cooking 54% 55%
Coal 57.9 83.5 Space-heating 44% 36%
Biomass 160 198 Lighting 1% 3%
Gases 1.2 4.6 Appliances 1% 6%
Other 2.2 3.2
* Kerosene and co-generation heat.
Source: Liu 1993

Rapid economic growth has brought about significant changes in this pattern.

Household electricity demand increased more than four-foldfrom 1980 to 1990, due to an

unprecedented boom in sales of electric appliances (see Table 5.3).

Table 5.3: Household Electricity Use in China, 1981 and 1989

(billion kWh)

LiRhfint RefriRerators 7T Setu Electric Fans Washing Machine Other
1981 10 0.1 0.5 0.6 0 0.6
1989 15 10 7 4 2 2

Source: Liu 1993

There are significant differences in the quality of energy services between rural and

urban households. While urban households have adequate fuel supplies and access to

electricity, many rural areas still suffer from fuel shortages, and about 40 million rural

households have no access to electricity. Per capita fiuel consumption in rural areas is

higher thaDn in urban areas because of inefficient use of biomass. Per capita electricity use

in urban areas is four times as much as in rural areas because of a much higber rate of

appLiance use (see Table 5.4).
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Table SA: Rural and Urban Household Energy Indicaton In China, 1990

Rural Urban
Fuel Use* kgoe/person 284 168
Coal Use kgoe/person 47 145
Electricity Use kWh/person 25 93
TV Sets per 100 households 45 <100
Refrigerator per 100 households 1 42
Electric Fans per 100 households 41 135
Washing Machine pes 100 households 9 78
e Biomass is included.
Source: Liu 1993

INDIA'S HOUSEHOLD SECTOR

Household energy use accounts for about half of India's total energy demand.
Household coal, oil, and clectricity consumption as a share of total demand were 7
percent, 19 percent, and 14 percent, respectively, in 1987. Biomass accounted for the rest
(GOT 1991].

In 1990, about 72 percent of ias 844 million people lived in rural areas, where
biomass was the pimary or sole energy source. Shares of household energy demand by
energy typ (1987) were coal 2 percent, oil and gas 7 percent, electicity 5 percent, and
biomass 86 percent [GOI 19911.

Household energy use has gradually been improving because of iucxeasing oiL, gas,
and electricity consumption. Table 5.5 depicts such changes.

Cooking and water heating accounted for about 90 percent of urban household
energy use in 1987, and about 95 percent of rural household energy use [GOI 1991].
Space heating is not a lage component of demand because of bIdia7s sub-tropical and
tropical climate. Biomass dominates cooking fuel supply (over 94 percent in 1986).

Kerosene is a maor source of lighting energy (about 60 percent of all households used
kerosene lamps for lighting in 1986). Kerosene is also used widely in cooking (about 50
percent of the commercial cooking fuel supply in 1986) [GOI 1991]. As incomc has risen.
a groing share of household energy supply has been dedicated to liging and electric
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appliance use, and a diminishing share to cooking. Fuel switching in each end use is
related to income levels, and suggests great increases in oil and gas demand for cooking
and in electricity demand for lighting and appliances in the long run.

Table S: Household Energy Demand by Energy Type In India, 1980 and 1987

Coal Oil & Gas Electricity Biomass
1980 7.70% 15.60% 10.20% 96%
1987 6.80% 19.20% 13.90% 95%
1987 (million toe) 38.2 46.9 43.9 114.4

Household Energy Use by Energy Type
Coal oil & Gas Electricity Biomass

1980 2.40% 3.90% 2.30% 91.40%
1987 2.10% 7.10% 4.80% 86.00%o
1987 (million te) 2.6 9 6.1 108.7

Electricity is converted into its primary energy equivalent.
Source: GOI 1991

Per capita rates of use of electric appliances are low compared to the other
countries. In 1985 per capita use rates included: refrigerators at 5/1000 persons (average
electricity use: 360 kWh/unit-year), air conditioners at 0.411000 persons (1500 kWhlunit-
year), and TV sets at 511000 persons (90 kWhfunit-year) [Sathayc and Goldman 1991].
Only about 40 percent of all households had access to electricity in 1986 [GOI 1991].

INDONESA'S HOUSEHOLD SECTOR

About 45 percent of Indonesia's final energy (including biomass) was used in the

household sector in 1985, but less than 20 percent of total commercial energy demand
came from households [Sathayc and Goldman 1991].

Unlike the household sector in other countries in the group, Indonesia's household
sector uses almost no coal. Out of a total 19.2 million toe, the household energy mix in
1985 was 38 percent oil, 1 percent natural gas, 52 percent biomass, and 9 percent
electricity [Sathaye and Goldman 1991].

About 28 percent of Indonesia's population lived in cities in 1989. Urban
bouseholds conumned significantly different types and quantities of fuel than nrua
households. The average urban bousehold consumed 4 times more commercial fuels and
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15 times more electricity than the average rural household. Rural households consumed 9
times more biomass. Because biomass fuels are much less efficient than commercial fuels,
most rural households require more fuel than urban households. In 1985, 75 percent of
the urban population and 8 percent of the rural population had access to electricity
[Sathaye and Goldman 19911.

The average urban household consumed 464 kg of oil equivalent (kgoe) of
commercial fuel and 43 kgoe of biomass in 1985. In tenrs of commerial fuel use, urban
residents derive most of their energy supply from kerosene, but electricity and LPG have
increasingly replaced kerosene as its price has risen. Low-income households in cities still
draw most of their energy from biomass. The average rural household consumed about
127 kgoe of commercial fuel and 395 kgoe of biomass in 1985. While biomass provides
the bulk of nural energy supply, kerosene use has been growing [Sathayc and Goldman
1991].

Urban households accounted for most of household electricity demand. Average

urban household electricity use was 782 kWh in 1985, while the average (electrified) rural
household used 50 kWh [Sathaye and Goldman 1991].

Cooldng and lighting are the largest end uses. In urban areas, cooling accounts
for about 88 percent of the average household fel use (inluding biomass) and 1 percent
of average household electricity use. Lightin accounts for about 53 percent of the
average household electicity use and 5 perent of the average household fuel use LWorld
Bank 19901. Respective shares for rural households are considered even higher because
of larger biomass consumption and fewer electric appliances.

KOREA'S HOUSEOLD SECTOR

Household energy use accounts for about 30 percen of Korea's total energy
demand. Biomass use is now negligible, with only a 3 pecent share of household energy
demand. Because Korea is a small country with high population density, there are few
dferences in lifestyles between ubn and rmual areas.

Korcea's climate largely detemines household energy cnsmption pauerns. Space
heating absorbs almost 70 percent of total household energy demand in 1986; cookdng.
only 14 percent Water heating accounts for an i ca amot of houseod energ
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use. Table 5.6 shows changes in household energy use in recent years.

Table 5.6: Household Energy Consumption In Korea by Type and End Use

1983 1986
Biomass na 15%
Anthracite na 58%
Oil na 8%
Gas & LPG na 2%
Electricity na 17%
Space Heating 56% 68%
Cooking 28% 14%
Lighting & Appliances 16% 17%
Source: Government of Republic of Korea (GRK) 1989

About 97 percent of urban and 56 percent of rural households had refrigerators in

1985. Ownership of clothes washers was 39 percent and 7 percent, respectively.

Relatively few households own air conditioners [Sathaye and Goldman 1991].

While household energy use has grown more slowly than energy use in other

sectors, there has been a more significant structural change in fuel mix. As economic

development has raised income levels and living standards, households have incraingly

substituted more convenient and expensive fuels (oil, gas) for cheaper. less efficient fuels

(anthracite and firewood). Household electricity increased at a rate of over 20 percent

p.a. in the 1970s, when electric appliances were widely adopted. The rate declined to

about 10 percent p.a. in the 1980s as the number of new buyers decrased and more

efficient models were introduced [GRK 1989].

THALAND'S HousEHoLD SECTOR

Household energy use in Thailand is unique compared to the rest of the group in

that it does not account for a very large share of total energy demand. The combined

share of the residential and commercial sectors' energy use was about one quarter of total

final energy demand (including biomass) in 1990. About two-thirds of the household

energy needs are met by biomass.
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About a quarter of the population now lives in cities. The diffemences between
urban and rural households are significant but are not as great as in China and India. In
1986, income of urban Thai households was almost twice that of rural households.

The household energy mix of Thailand is similar to that of Indonesia--no coal, and
a high share of electricity. Direct buming of firewood is also low, more than 80 percent of
biomass being charcoal. Households consumed 2.8 million toe in 1986, with 75 percent
and 14 percent devoted to cooking and lighting, respectively. Table 5.7 shows household
energy use in Thailand.

Table 5.7: Household Energy Consumption in Thailand, 1986

Thousand Toe Rural Percentage
Firewood 302 88%
Charcoal 1,600 79%
LPG 220 30%
Kerosene 127 90%
Electricity 581 38%
Total 2,829 69%
Cooking 2,121 75%
Lighting 394 59%
Refrigerating 136 28%
Air Conditioning 34 4%
Other 143 47%
Total 2,829 69%
Source: GOT 1989

Appliance ownership in Thailand is the second highest among the five countries,
behind Korea. Ownership percentages among urban households of rice cookers, TV sets.
refrigerators, air conditioners, and clothes washers were 73 percent, 73 percent, 59
percent, 2.6 percent, and 6 percent, respectively. The percentages for rual households
were 25 percent. 51 percent, 11 percent, 0.2 percent and 0.2 percent, respectively [GOT
19891. Clothes-washer use is notably low, probably because households are not
convinced clothes washers are needed. Rice cookers are very popular m Thailand and
have raised sone concen over possible peak-load electicity supply problems.
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END-USE EFFICIENCY AND CONSERVATION OPPORTUNITIES

Energy efficiency in the household sector in the five countries has great potential
for improvement. Each country has its own set of constraints, and specially designed
programs are needed to deal with different problems. In general, fuel switching and
thermal integrity improvements would have a significant impact. Appliances with greater
efficiency would also have universal effects. This is especially true for China, India, and
Indonesia, where huge markets for electric appliances exist. Korea has set a good
example for other countries.

China

China has great potential for fuel savings in cooking and water heating. Promoting
efficient firewood and coal stoves has been a priority of the govenunent since the early
1980s. By the end of the 1980s, about 50 percent of all rural households were equipped
with firewood stoves with high-rated thermal efficiency of 25 to 30 percent. The goal is
to install efficient firewood or coal stoves in every rural household by the end of this
cenmy. Promoting sustainable biomass use is an important element of rural energy policy
and is being advanced by government-sponsored planting of trees and the development of
more efficient stoves. Biogas use is being promoted by the govenent in the southern
areas.

In urban areas, great emphasis is being placed on increasing the share of gaseous
fuels used for cooking in order to reduce air pollution caused by direct burning of coal.

Honeycomb briquettes are also being promoted as a relatively cheap alternative for saving
energy.

Space heating is mostly provided by stoves (100 percent in nual areas, 75 percent
in urban areas) which can be very efficient but cause severe indoor air pollution. Central
heating is avaiable only in urban areas, accounting for 25 percent of heated urban
households. Efficient district heating facilities (either large boiler stations or co-generation
plants) are not common (serving about 5 percent of heated households) because of high
initial cost. On the other hand, common central heating facilities are now using smal
boilers with under 4 ton-steam/hour capacity. The overall efficincy of these boilers is low
(about 50 percent).
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Enforcing energy-efficient building standards is considered one of the most
effective conservation measures, but it is also technically and politically difficult.
Government building standards have produced little success in recent years.

Appliances offer the largest potential for electricity saving. Although major
appliances (except air conditioners) already show fairly high penetration in urban
households, ownership of color TV sets and refrigerators is still low in rural areas. The
sooner efficient appliances are introduced, the greater savings (or less demand) will be
resulted. Current electricity use of refrigerators averages about 400 kWhlunit-year
(typical two-door 170 liter model), while popular models of 200 liters, produced by
Korean manufacturers, consume 240 kWh/unit-year.

Conservation in lighting may not be feasible because ordinary Chinese families
already use electricity fiugally because of relatively high prices. While small fluorescent
Lamps became popular in urban areas, low wattage incandescent lamps (15-25 W) are still
widely used. Introducing compact fluorescent lamps (CFL) to replace low wattage lams
might not be cost-effective, but lighting quality would improve greatly. In the long run, as
income increases, lighting demand increases. Thus. CFLs are of long-term interest to
conservation of electricity.

In addition to institutional and pricing reforms to facilitate energy conservation and
motivate energy-saving behavior, special progams should also be initiated. The following
progrms are already in operation or in the planning stages.

Fuel Savings:

(a) introducing more efficient firewood (with adequate firewood supply) and coal
stoves for rural households;

(b) introducing more efficient briquette stoves for urban households with adequate
anthracite briquettes supply;

(c) increasing LPG, natural gas, and coal gas supply;
(d) introducing efficient cental heating systems; and
(e) introducing mandatory energy efficient building standards.

Electricity Savings:
(a) intrducing CFLs for lighting in the long run;
(b) intducing ener efficient appliance standards; and
(c) improving the thermal integrity of buildings.
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hid).

Indian households do not use commercial and non-commercial energy sources
efficiently, although in most cases there are justifiable reasons, such as easy availability and
low prices. Kerosene, relatively its low efficiency level, provides much of the lighting in
the rural regions. End-use efficiency for cooking is pegged at 8 percent for biomass, 18
percent for coal, 25 percent for charcoal, 45 percent for kerosene, and 50 percent for gas
and LPG [GOT 1991 j.

A number of opportunities are available to improve household energy efficiency.
Electric lighting could replace kerosene lighting in rural households. Firewood and coal
stoves could be made morc efficient The dung, presently used in inefficient stoves, could
be used to produce biogas, a cleaner fuel with higher utilization efficiency. In addition, an
excellent fertilizer could be produced from the slurry at biogas plants. Switching to
gaseous fuels would bring the greatest gains in terms of thennal efficiency and cleanness,
but would be more costly.

Indonesia

Indonesia has the best opportumity among the five countries to improve household
fuel effiiency. Switching from firewood and kerosene to natural gas and LPG would
mean both higher efficiency and a cleaner environment. Since the household sector
currently uses kerosene for much of its cooking, promoting more efficient kerosene stoves
should be a priority.

The potential demand for refrigeration and air conditioning is high in tropical
Indonesia, and high-efficiency refrigerators and air conditioners should be prionties for the
appliance industry. Improving builng thermal integrity through official standards could
be another way of saving electricity.

Korea

Since space heating consumes most of the energy used in Korea's households,
special attention should be given to this end use. Thermal efficiency by type of heating
mode in 1986 was: firewood stoves 25 percent anthracite stoves 30 percent. anthracite
boilrs (small) 60 percent, oil boilers 70 percent, and disit heating 80 percent. The
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shares of different heating modes in 1986 were: firewood stoves 13.8 percent, anthracite
stoves 17.4 percent, anthracite boilers 64 percent, oil boilers 1.6 percent, and district
heating 2.5 percent [GRK 1989]. There is clearly room for improvement.

District heating systems offer a particular favorable option in light of Korea's
specific needs: substantial space heating requirements, high population densities, and a
rapid rate of housing construction. Co-generation district heating offers opportunities to
improve efficiency and utilize cheaper and lower quality fuels.

According to one analysis, better thermal insulation could reduce the total heating
energy requirement by as much as 39 percent, and could reduce the energy requirement of
new dwellings bv 54 percent. It is also reported that Korea's insulation standards could
improve space heating efficiency by 28 percent [GRK 19891.

Sources of fuel for cooking in 1986 were firewood 10.9 percent, anthracite 17.4
percent, kerosene 12.3 percent, LPG 57.1 percent, and town gas 2.4 percent [GRK
19891. Switching to LPG or town gas seems to be the most popular choice in Korea's
household sector.

Korea has been doing an excellent job in improving the energy efficiency of electric
appliances, thanks to the highly compeitive and mature appliance industry.

Thaiand

Over 60 percent of the energy used in Thailand's household sector comes from
electricity. Energy policies should therefore encourage the use of more efficient
appliances as well as mpovements in the themal integrity of buildings. Sustaible and
efficient biomass consumption in the housebold sector could also be encouraged to take
advantage of the country's natural resources. It is likley that households in Thailand will
switch over ime to electric cooking, given the high level of ownership of rice cookers.
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6
ENERGY LOSSES AND CONSERVATION

IN THE ELECTRIC POWER SECTOR

OVERVIEW

Energy losses in the electric power sectors of developing countries generally

exceed such losses in industrialized countries. These losses intensify electricity shortages,

which at present are a big problem in developing countries. Along with construction of

new power plants, reducing these losses would be an important step toward securing

sufficient electricity supply. This chapter discusses the magnitude of losses in power

generation, transmission, and distribution, and also the measures taken to reduce them in

the five Asian countries.

China, India, and Indonesia show low thermal efficiency in power generation and

high transmission and distribution (T&D) losses. Generation losses in these cour.;ries are

more than 20 percent larger than those in the industrial countries, and T&D losses are

often more than twice as much. Korea has already solved the problem of high energy

losses in the power sector, and Thailand is making progress in doing so.

The main causes for large generation losses and low thermal efficiency are

generally the following:

(a) utilization of many small-scale power plants, thus preventing economies of scale;
(b) poor plant maintenance;

(c) inefficient operation, including low capacity utilization; and

(d) high auxiliary consumption.

Several factors cause T&D losses. The main ones are:

(a) technical losses:

- overloaded T&D lines;

- low voltage of main networks; and

- variability of voltage levels in networks.
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(b) non-technical losses:
- incorrect metering;

- pilferage of electricity; and

- poor operation and management.

Measures to reduce energy louss China, India, and Indonesia need
reinforcement, rationalization, and modernization of power generation and T&D systems
from bcth technical and non-technical viewpoints. Correct metering and pilfege
prevention are basic conditions for the modernization of the power sector. Among the
five countries, Korea has attained the highest efficiency in electricity supply; its efficiency
level is comparable to that of industrialized countries. Thailand is about halfway between
Korea and the other three countries. The thermal efficiency of power plants in Thailand is
comparable to that in industrialized countries. Distribution losses are still large, however,
especially outside Bangkok.

ENERGY LOSSES IN POWER GENERATION

As shown in Figure 6.1, the thermal efficiency of power generation of the five
countries as a whole is generally low compared with that of industrialized countries.
Themal efficiency ratings in China, India, and Indonesia were less than 30 percent during
the 1980s, which means that energy consumption to generate one kWh of electricity was
more than 20 percent larger than that in the major industrialized countries.'

China2

Thermal effidency (Gross). One reason for the low thermal efficiency of power
generation in China is that large-size power plants do not yet play a major role in
electricity supply. Small plants are usually 20 percent less efficient than the typical large-
scale moden plants with unit capacity of 600 MW.

Gross thermal efficiency in the industrialized countries as of 1989 was as follows: Germany, 39.5%;
Japan, 38.8%; Italy, 37.9%; France, 35.7%; Canada, 34A%; UK. 33.7%; and USA, 33.1%. [Th
Federation of Electric Power Companies, Japan]
2 In China's power sector, five regional electric power administrations are responsible for the five
regional networks, which are North China, Northeast China, Northwest China, East China, and Central
China. In addition, nine provincial (or autonomous regional) electric power companies (or bumeaus) are
responsible for nine provincial electric networks.
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Figure 6.1: Thermal Efficiency In the Five Asian Countrles, 1980-99
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Source: ADB; Federation of Electric Power Companies (Japan).

Awxa conption. In Chioa, thermal power plants consumed 8.0 percent of
total power generation in 1990. Although this is higher than Japan's 4.5 percent, it does
not imply that the efficiency of auxiliary equipment installed in the plants (such as rotating
equipment) is much lower in China than in industrialized countries. Alxnost 90 percent of
the electricity generated by Chinese thermal power plants is from coal-fired plants.
Auxiliary consumption of coal-fired plants is usually much higher than that of oil- and gas-
fired plants because coal-handling equipment consumes much electricity. In Japan, for
example, auxiliary consumption in typical large coal-fired plants is 6 or 7 percent, and in
gas-fired plants, 3 or 4 percent. However, it should be possible to reduce the auxiliary
consumption of China's power plants from 8 percent to between 6 and 7 percent.
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India3

Thernal ediciency (Gross). The low thermal efficiency of power plants in India
is caused by the generally small size of its power plants. As shown in Table 6.1, almost 60
percent of the total generation capacity is found among power plants with only 200 to 210
MW capacity. The average capacity of thermal power plants in Japan in 1992, by
contrast, was 549 MW.4

On the other hand, large plants in India also have a problem in that 500 MW units
are usually as oversized plants, with 600-700 MW design-rated capacity. This over-
specification of plant design decreases their efficiency.

Low capacity utilization of thermal power plants also decreases overall energy
efficiency. The average annual load factor of all themal plants in India was 53.8 percent
in 1990/91 (April 1990 to March 1991). This is largely attributed to inefficiency in the
operation and maintenance of plants [Planning Commission 1992].

Table 6.1: Capacdty Group Share in Total Capacity (exduding Nudear)
(percent)

capCity 1985/86 198687 1987/88 1988X89 19890 1990a9
Gmrop (MWJ
10 5 3.5 4.3 39 2.9 2.9
110 13 12.3 11.2 10.6 9.1 14.7
120 8 7.3 6.8 6.1 4.9 7.8
1401150 4 4 3.6 3.2 3 1.6
2001210 49.9 49A 54 57.1 51.3 58.7
Source: GOI 1992

Alry consumptin In 1991/92, about 70 percent of India!s electricity was

generated by coal-fired plants, 25 percent by hydro, and 5 percent by oil or nuclear plants
[World Bank 1993]. The auxiliary consumption of thermal plants is approximately 10
percent, which is high compared not only with that of industrialized countries but also
with that of other Asian countries.

3 In Indis's power sector, electric power is mainly generated by State Electricity Boards (SEBs),
Eectricity Deparlments (EDs) of the States and the Union Territories (UTs), and Central Govermnent
Undcraldngs. Private sector utilities account for only 4% of installed generation capacity.
4 Handbook of Electric Powe Industry (Japan).
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Indonesi,5 Korea,6 and Thaland7

Thermal efflicency. The efficiency of thermal power plants in Indonesia has been
approximately 30 percent during the past several years. Although this was better than that
in China and India, it is still low. The Korea Electric Power Company (KEPCO) has
attained an efficiency level of more than 35 percent during the past 10 years through
moderniztion of facilities and management systems. That is high, even compared with
industrialized countries. Thermal effciency in Thailand increased during the 1980s and
almost reacbed that in Japan.

ENERGY LOSSES IN TRANSMISSION AND DISTRIBUTION

In industrialized countries, transmission and distribution (T&D) losses are
generally below 8 percent.8 However, T&D losses in the Asian countries are still large,
except in Korea, and vary considerably from one country to another, as shown in Figure
6.2.

5 The Govanmet-owned utility. Perusahaan Ummuu Listrik Negara (PLN), generated about 66% of
Indonesia!s electricity in 1990. Besides PLN, thea ar a small number of electric cooperatives in rural
areas and a lae number of unregistered village-level enterprises. Auto producers in the industrial sector
also generate substantia mounts of electricity.
6 The Koma Electric Power Company (KEPCO), which is wholly owned by the government, is a
mooopoly and is responible for generation, tansmission, and distribution. Subordinately, two other
entities are involved in geatmion: the Kyongin Enegy Company, and the Industrial Site and Water
Deveopment Corpoation.
7e stuat-owned utilities supply almost all of the ectricity consumed in Thailan. The Electricity
Generang Authority of lhailand (EGAT) generates and trnsmits about 99% of electricity. Another two
udlities, the Metropitan Electric Auoiqty (MEA) and the Provincial Electricity Authority (PEA), are
distributors only.
R T&D losses in the industrialized countries in 1989 we: Germany, 4.4%; Japan, 5.6%; USA. 6.2%;
France. 7.5%; Italy. 7.6%; UK 8.0%; and Canada. 9.1%. rThe Federation of Electric Power Companies,
JapanI.
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Figure 6.2: Transmission and Distribution Losses in the Five Asian Countries
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China

Although official estimates of T&D losses in China are about 8 perent (see Figure
6.2), a recent World Bank study estimated actual losses to be from 16 to 20 percent
[World Bank 1993]. According to this report, the reasons for this discrepancy are
probably the following:

(a) official estimates of T&D losses include only losses in power networks under
direct management of the state power companies;

(b) T&D losses exclude much of the low-voltage system; and
(c) losses in the low-voltage system below the substation level are attributed to

purchasers.

Therefore, T&D losses in China seem to be higher than those in Thailand and
similar to those in Indonesia. These losses in China are caused by both tecnical and non-
technical factors. The main technical factors are the low voltage of main lines and
variability in voltage levels. Extra-high-voltage tansmission lines in China extend only
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7,100 circuit-kilometers, or 1.5 percent of all transmission lines.9 This is less than Japan's
figure of 7,900 circuit-kilometers, or 5.5 percent of the total length of all transmission
lines. Non-technical factors include measuring and charging errors, and pilferage.

India

T&D losses in India exceed 20 percent, the highest figure among the five
countries. The quality of electricity supply and magnitude of losses have not been given
adequate attention [UN 1990]. The major factors causing large T&D losses include the
following:

(a) inadequate distribution systems (one problem being excessively long distribution
lines), too many voltage step-downs, and no provisions for distribution
transformers near load centers;

(b) no provision for power factor correction and installation of reactive power
compensation equipment for high voltage consumers;

(c) large-scale rural electrification programs undertaken without adequate system
support, typically an absence of metering systems for agricultural use;

(d) poor quality equipment;
(e) poor workmanship; and

(f) theft of electricity.

Indsna

Indonesia exhibits large T&D losses of about 17 percent, which is as high as in
China and India. Although the state electric power company, PLN, has implemented
Programs to reduce the losses, results have not been satisfactory. The main problems are:

(a) network overloading caused by increasing load demandd;
(b) technical mistakes in design, construction, opeation, and maintenance;
(c) administative erors in billing and metering; and
(d) theft of electricity.

9 Toa length of rawnsission lines in China is about 464, 000 circuit-kin (as of 1990). or almost dutee
times longer than in Japan.
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Korea

T&D losses in Korea were recorded at 29 percent in the early 1960s. The Korea

Electric Power Company (KEPCO) then implemented programs to reduce the losses,
which fel to 7 percent in 1980. Losses now are similar to those in industrialized

countries.

Thailand

T&D losses in Thailand were approximately 10 percent during the 1980s, which

was low by developing country standards but higher than in Korea. The losses included

transmission losses of 4 percent and distribution losses of 5 percent at the Metropolitan

Electric Authority (MEA) and 8 percent at the Provincial Electricity Authority (PEA)1 0

[World Bank 1993].

To reduce its losses, MEA converted the secondary system from 100 volts to 220

volts during the 1960s. MEA also has been conducting various programs to reduce non-
technical losses, such as theft and incorrect meter-reading, and non-technical losses have

been reduced to an estimated 0.1 percent.

PEA's distribution losses are rather high compared to those of MEA, which

supplies a relatively small but high-load density area. PEA has been conducting progrms
to reduce the losses, including system reinforcement, improvement of system power

factors, upgrading of distribution system voltage, phase balancing, and prevention of

insulator leakage. However, the distribution losses of 8 percent at PEA are still high.

10 The Electricity Generating Authority of Thailand (EGAT) is responsible for transmission as well as
power generation. The Metropolitan Electric Authority (MEA) is responsible for distribution in the
Bangkok metopolitan area, and the Prvincial Electricity Authority (PEA) is responsible for distribution
in the rest of te country.
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MEASURES TO REDUCE ENERGY LOSSES

Generaton Losses

To reduce generation losses, the following steps are necessary: furst, better
housekeeping and maintenance; second, revamping of old equipment; and, finally,
reconstruction of old power plants.

Better housekeeping and maintenance would help to improve boiler efficiency and
reduce auxiliary consumption without large investments. Stable operation and
optimization of the energy balance are basic measures to reduce generation losses.
Typically, the following boiler losses can be eliminated through energy audits, careful
housekeeping, and well-controlled plant operations:

(a) energy carried away with flue gases;
(b) beat convection and radiation from the surface of boilers;
(c) condenser loss;" I and
(d) auxiliary cnsumpton.

Revamping measures are needed to reduce mechanical loss at turbines as well as
other heat losses at boilers. The following measures are important: (a) installation of
high-performance turbine blades; and (b) installation of improved sealing, such as labyrmth
packing.

In the reconstruction of out-of-date power plants, the following two points are
important. One is to pursue economies of scale, especially for base-load and middle-load
power plants. The other is to introduce modem technologies.

In China, India and Indonesia, coal-fired power plants will be the base-load power
source in the future due to the abundance of indigenous coal resources. Coal-fired plants
are made economical only by purug both economies of scale and stable operations.
Despite cheap fuel costs, the depreciation costs of coal-fired plants are higher than those

I1 Condnser loss is the ane carried away frm a turbine by cooling water at a condenser and is the
lagest cause of loss at power plants. Condeser loss generally accounts for around or less dn that 50%
of the ener gneated at a builer. Though condenser loss is essenfially unavoidable, it can be reduced by
keeping the vacuum at the condenser at a reasonable level [UN 19901.
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of oil- and gas-fired plants because of the high cost of plant construcdon. Rapid
operational adjustments against load change are also more difficult.

Many state-of-the-art modernization technologies have been commercialized in
industrialized countries, including critical pressure boilers, pressurized fluidized coal-fired-
boilers, and combined-cycle generation systems. These technologies can also increase the
efficiency of power generation.

T&D Losses

Reinforcement and modernization of overloaded ansmission and dtribution
systems in China, India, and Indonesia are necessary. Steps that can be taken include the
following:

(a) Measures to reduce technical losses:
- expansion and looping of trunk grid systems;

- upgrading of system voltage and simplification of voltage steps;
- improvnmg the power factor by installation of static condensers;
- active power compensation by providing capacitors near load centers;
- reduction of transformer losses; and

- computerization of management of ansmission and distribt'tion syss

(b) Measures to reduce non-technical losses:
- energy audits to identify the factors causing high energy losses;
- enforcement of correct meterng systems, such as replacing old Wh meters and

periodic inspection of Wh meters; and
- prevention of pilferage of electricity through installation of Wh meters, judicial

prosecution and penalties for pilferers, and public reations programs to combat
pilferage.

Thailand has made substantive efforts to reduce T&D losses but has yet to reduce
them to the levels found in industrialized countries.
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7
PROSPECTS FOR ENERGY DEMAND

OVERVIEW

This chapter analyzes quantitatively energy demand in the five Asian countries.

The analysis includes estimating the price elasticities of energy demand by sectors and

subsectors, and projecting energy demand through 2005. Income and price elasticities

provide a quantitative measure of the impact of economic activity and energy prices on

energy demand. These estimated elasticities are used to project energy demand in these

countries by the year 2005 in terms of its absolute level as well as share of world demand.

Data permitting, demand is analyzed by sectors and subsectors. For this purpose, small

econometric models were built for each of the five countries. The models differ from one

country to anotlher mainly depending on availability of data and infornation. A typical

model is shown in Figure 7.1 as a flow chart. Although the agricultural sector was not

analyzed in previous chapters, energy demand in this sector is included in the models in

order to determine total energy demand.

As shown in Figure 7.1, total energy demand is the sum of demand in four sectors:

transportation, industry, household, and agriculture. Depending on data availability, the

industrial sector is disaggregated to several subsectors. Where possible, demand in all

sectors and subsectors is disaggregated to show demand for electricity and for fossil fuel.

The nain exogenous variables used in the model include population, GDP, prices of

energy, and time trend. Time trend is used mainly to capture changes in efficiency in

eerg use. In the projections exercises, these past trends are not necessarily

automatically extrapolated. Information on recent policies, technologies used, and extent

of energy conservation efforts are taken into account in extrapolating these time trends.

The projections given here are similar in magnitude to those of the International

Energy Agency (1994), except for China. The ones here are slightly higher, also except

for China, mainly because the assuned GDP growth rates in East and South Asia are

higher than those used by IEA. The projections here for China are considerably higher

han those in the study, "China Issues and Options of Greenhouse Gas Emission and

Control,' undertaken jointly by the goverunent of China, UNDP and the Energy and

Industry Department of the World Bank (herein referred to as the Greenhouse Gas Study).
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The difference is mainly due to different assumptions made about future trends in energy

intensity in the industrial sector. The lEA and the Greenhouse Gas Study assume rapid

decline in energy intensities in the industrial sector and a rapid shift from high energy-

intensive, low value-added products to low energy-intensive, high value-added ones.

These trends were observed in the period 1985-90. However, partly due to insufficiency

of data, it is hard to say whether that trend will continue. The base case projections of the

current study should be interpreted as "business as usual" projections, meaning that limited

energy conservation efforts are made and there is a limited shift from high energy-intensive

products to low energy-intensive ones.

The projection results here suggest that if only limited conservation efforts are

undertaken in thesr countries, energy demand by 2005 will be 3 times as much as in 1990.

The estimated world shares of these countries would be about 23 percent in 2005,

compared with about 12 percent in 1990. More than 45 percent of incremental world

energy demand between 1990 and 2005 is projected to arise in these countries. This is of

similar magnitude to the IEA projection (1994).

METHODS AND KEY ELAsTICffEIS

Transportation Sector

Energy demand for the transportation sectors of China and India is disaggregated

to road and rail. Energy use in air transport is not included because the available data do

not indicate whether air transport data include international air transporL Road energy

demand is disaggregated into gasoline and diesel oil demand. Gasoline demand is specified

as the product of the number of passenger cars and gasoline consumption per car. The

number of cars is specified as a function of population and GDP in real terms, and gasoline

consumption per car, a function of the price of gasoline in real tms (the deflator used is

the GDP deflator) and income. Demand for diesel oil is specified as a function of GDP,

since demand for truck transportation is closely related to changes in general economic

activity.
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FIPgure 7.1: Structure of Energy Demand Model
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Source: IEC, World Bank.

Table 7.1 gives some estimated key elasticities used in the model, including price
and income elasticities with regard to number of cars per capita, gasoline used per car, and
diesel oil demand for four countries (data for China were insufficient to estimate price
elasticities). Income elasticities with regard to number of cars per capita are well over
unity in four countries, and in Korea it is close to three. Gasoline use per car was found to
be fairly sensitive to gasoline prices. Price elasticities of diesel oil demand were found to
be considerably lower than those for gasoline, suggesting that diesel oil is mainly used for
transportation of commercial and industrial goods, and hence as a derived demand is not
affected much by fuel prices. Income elasticities of diesel demand were found to be close
to unity for all the countries except Thailand. Thailand's was considerably higher than

unity, probably because nuy passenger cars have diesel engines and many small trucks
with diesel engines are used as passenger cars.

The equations used to calculate gasoline demand per car included a time trend to

capture any changes in fuel efficiency. Most of these trends were found to be negative.
Ibis probably reflects improvement in fuel efficiency over time and less use of each car
because of the increase in the total number of cars.
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Table 7.1: Key Elastcities Used In Transport Energy Demand

Price Income
Elasticity Elasticity

Number of Cars per capita
India N.E. 2.01
Indonesia N.E. 1.44
Korea N.E. 2.69
Thailand N.E. 2.00
Gauoline use per car
India -0.68 N.S.
Indonesia -OA2 1A8
Korea -0.63 1.46
Thailand -0.37 0.88
China al N.E. 0.98
Dklsde O Demand
India N.S. 1.12
Indonesia -0.08 1.01
Korea -0.21 1.33
rTailand -0.26 1.60
a/For total ruel use by road uanspot.
N.E. = Not estimated due to unavailability of data.
N.S. = Not statistically significanL
Note: Consumption data from IEA. price data from ADB (1992). and car data from NRI.
Souce: MEC, World Bank.

To calculate effective energy use in the rail transport subsector of China and India,
coal energy consumption was multiplied by a factor of 0.27 to take into account its low
energy efficiency (about one quarter compared with diesel or electric traction), which was
added to diesel and electricity corsumption. The esfimated income elasticities were 0.49
and 0.23 for China and India, respectively. These elasticities appear to be very low and
are probably due to contraints in the supply of rail transport serices. This impies that
demand for rail transport would have been higher if there had been more supply. Hence,
energy consumption in this subsector is probably supply-driven. It was assumed that the
supply of rail services in these two countries would incrase at the same elasticities with
regard to GDP as in the 1980s. Also, it was assumed that the shift from coal to diesel and
electricity would continue at the same rate as in the 1980s.

Elasticity estimates for tsportation sector energy demand, as reported in other
studies are shown in Table A7.1 (in the Appendix). Most of the elasticities are for
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gasoline and diesel demand indicating that previous researchers have focused on energy

for road transportation (McRae, 1994: Birol and Guerer, 1993; Garbaez, 1989, and

Miklius, 1986). Only one study (Dunkerley and Hoch, 1987) reported elasticities for

aggregate transportation fuel demand.

Even though elasticities were estimated using different methods and based on data

for different countries and time periods, there is a general consensus that the short-run

price elasticity is inelastic, ranging between .0.1 and -0.5. Over long-run elasticities

estinates, there is less agreement, however. McRae (1994), for example, estimated a

short-run elasticity of -0.14 and a long-run elasticity of -0.26. By contrast, elasticities

reported by Miklius (1986) ranged from -0.54 in the short-run to -1.56 in the long-run.

Miklius also found the long-run elasticity for gasoline and diesel demand to be as high as

-2.72. The study by Dunkerley and Hoch (1987) indicated that for gasoline, the price

elasticity of demand falls as the income of a country rises. One explanation is that as

incomes rise, the number of private motor vehicles (gasoline consuming) also increases,

for which there are no substitute energy sources. As a result, gasoline consumption is

relatively insensitive to price changes.

The transportation sector elasticities estimated by other researchers are fairly

consistent with those reported in Table 7.1. This study reported elasticities of diesel

demand of -0.08, -0.21 and -0.26 for Indonesia, Korea and Thailand, respectively, which

fall close to the -0.1 to -0.5 range mentioned above. The income elasticities are also

consistent with earlier studies, ranging between 1.0 and 1.6. Moreover, some results are

very close to those of other studies. For example, Birol and Guerer (1993) estimated the

price elasticity of diesel demand for Thailand to be -0.38 and income elasticity to be 1.63.

Corresponding elasticities in this study were -0.26 and 1.60.

Industry and Agricultue Sectors

To analyze energy demand in the industrial sector in detail, the sector was
disaggregated for those countries for which data were available. For Korea and Thailand,
data were available for the nine two-digit International Standard Industrial Classification
(ISIC) numbers (i.e., 31 to 39) for manufacturing, construction, and mining, and for the
period 1981 to 1990. It was also possible to disaggregate energy demand for each
subsector. For China, data were available only for the period 1985-90, so only trend
analysis on the energy intensities of electicity and fossil fuel for eleven subsectors were
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undertaken. The analysis showed significant decline--2.5 percent to 4 percent p.a.
Because of lack of data, analysis was carried out for only a few subsectors in India. For
Indonesia, consistent data were available only for industry as a whole.

Regression analysis with energy intensity (i.e., energy consumption divided by
value added), as the dependent variable and energy prices as the independent variable was
undertaken. These equations were not estimated for China because of insufficient price
data. The estimated price elasticities are given in Table 7.2. All the estimated elasticities
were statistically significant, suggesting that energy intensity in industry and agriculture is
sensitive to energy prices and that sensitiveness differs significantly from one industrial
subsector to another. These elasticities also suggest that the impact of prices on energy
conservation could be significant in many industrial subsectors. Care should be taken in
interpreting these elasticities for some countries such as India and the Philippines as the
energy consumption data might have been smaller in sorne years than demand due to
supply constraints, especially for electricity.

Statstical analysis has also shown that in some industrial subsectors there is a
secular increase in energy intensity-e.g., fossil fuel intensity in the wood product, paper,
and chemical subsectors in Thailad. This probably reflects the change in ese industries
from labor-intensive to capital- and energy-intensive production methods.

Previous empirical studies of industrial demand for energy are fairly limited in
terms of their country and subsector coverage, and most are based on data from the
1970s. Further, a review of these estimates does not lead to any clear consensus over the
nature and size of industrial energy demand elasticities, which range from -0.3 to -2.3
(Table A7.2 in the Appendix). If any observation can be made it is that quite a few of the
elasticity estimates fall close to -0.5.

Although not directly comparable in tenns of time period and country coverage,
the elasticities reported in Table 7.2 are faily consistent with those from previous studies,
with many falling in the -0.5 to -1.0 range. Siddayno (1987) estimated elasticities for the
textile and food processing sectors of selected Asian countries, but these are not
consistent with results of this study. For example, Siddayno estimated the demand
elasticity for Thailand's textile industry to be -1.71, while this study reported estimates of
-0.44 and -0.33 for electricity and fossil fuels, respectively. Similarly, Siddayno reported
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an elasticity of -2.34 for Thailand's food processing industry, significantly higher than the -

0.81 (electricity) and -0.38 (fossil fuels) found in this study.

Table 7.2: Estimated Price Easticities in Industry and Agriculture

Price Elasticitv Price Elasticity
Electricity Fossil Fud

India
Chemical -IAO -IA6
Base Metal -0.39 -3.07
Non-Ferrous Metal -0.24 -0.65
Agriculture -1.34 -0.62

Indonsia (Total) N.S. -0.48
Korea

Food & Beverage -4A9 -0.77
Textile -0.69 -0.77
Wood Products -2.10 -2.0!
Paper -0A5 -0.55
Chemical -0.31 -0.38
Non-Metal Minerals -0.76 -0.55
Basic Metals -0.37 -1.65
Machinery -0.47 -0.29
Agriculture -1.90 -0.25

Thaaud
Food & Beverage -0.81 -0.38
Textile -0.44 -0.33
Wood Products -0.35 -1.88
Paper -1.87 -0.57
Chemical -1.57 -1.81
Non-Metal Minerals -0.19 -0.42
Basic Metals -1.63 -1.72
Machinery -0.30 -2.02
Agraiculture N.S. 0.23

N.S. = Not statistically significanL
Source: IEC, World Bank.
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Household Sector

Price and income elasticities for electricity and fossil fuel demand in the household
sector were estimated for all the countries except China, and are shown in Table 7.3. For
all four countries, income elasticities were very high, especially for electricity. Electricity
use increased sharply with the expansion of electrification in India, Indonesia ard
Thailand. Thus, what is observed could be the supply elasticity of electricity with regard to
income.

It is of interest to note that price elasticities were statistically non-significant in the
higher-income countries (Korea and Thailand), and significant for the lower-income
countries (China, India and Indonesia). This suggests that with increase in income, energy
costs as a share of household income decline and households become less sensitive to
price.

Table 7.3: Price and Income Elastidties in Residential and Commercial Sector

Elecricity Fossil Fuel
Prce income Prce Income

China NE. 1.64 NE. 0.83
India -0.73 3.63 NS. 1.62
-donesia N.S. 2.37 -0.48 0.99
Korea N.S. 1.64 N.S. 0.57
Thailand N.S. 1.83 N.S. 1.15
N.S. = Not significant.
ME. = Not Esfimated.
Source: IEC, World Bank.

There are only a few studies that have reported price and income elasticities for
energy demand in the residential and commercial sector (Table A7.3 in the Appendix).
Almost all of these are for electricty demand, and only one study (Pitt, 1985) looked at
other household ener sources (kerosene). The literau reports a fairly wide range of
price elasticities (-0 .1 in the case of residential electricity demand in Singapore, to -1.0 for
kerosene demand in Indonesia), but genrally are more inelastic for the higher income
countries, reflecting the lack of altemative household energy sources. Even for lower-
income developing countries, however, demand was found to be inelastic, indicated by the
-0.2 estimate for Ghana and -0.3 for Nigeria. Ihese finding are consistent with the
residential and commercial demand elasticities reported in Table 7.3.
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Another consistency between this study and earlier research is that income
elasticities for the residential and commercial sector are higher than the price elasticities
(especially in the long-run), with most reported greater than one.

Assumptions Used in Projections

In addition to the sector-specific studies, a number of others have estimated price
and income elasticities of energy demand aggregated across energy sources and sectors.
Some of the findings of these studies are shown in Table A7.4 (in the Appendix). On the
basis of these results and those reported in this study, a number of general observations
can be made about price and income demand elasticities for energy:

(a) The estimates for price elasticity of demand for energy in lower-
income countries cover a broad range. Some studies indicate that the price
elasticity is near -0.8, while others assert that the value is lower, between -0.1
and -0.2. Low price elasticities of energy demand reflect the inability of industry
and consumers to change their energy consumption patterns, and this inflexibility
may be due to investments in capital- and energy-intensive technology, as well as
investments which require long adjustment periods (such as automobiles, homes,
factory equipment). One important policy implication of this result is that price-
induced conservation measures will require significant increases in price in order
to generate the expected or desired conservation response.

(b) A second important observation is the inverse relationship between the
price elasticity of demand and country income level. In the case of industrial
demand, one plausible explanation is that as incomes rise, energy efficiency
increases which lowers the energy share of total production costs, thus reducing
the sensitivity of its use to price changes. Another reason could be that in early
stages of development, developing countries have more of a choice in which
technologies to adopt than developed countries that have already invested in
energy-specific technologies, and are thus locked into using a certain energy.

(c) The literature reaches a general consensus that the income elasticity of
demand for developing nations is greater than one, with most estimates ranging
between 1.2 and 1.4. There is also evidence that income elasticity declines as
incomes rise and as countries move through different stages of development.
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One implication is that if higher income elasticities and lower price elasticities
reflect the process of industrialization and fixed technology, then higher energy
prices may impair economic growth, especially in the short run.

(d) Most studies have not looked at cross-price relationships when
estimating demand functions. In cases where they are estimated and found to be
significant, the elasticities are small. One reason may be the inability to substitute
between certain types of energy. For example, it is not possible to substitute coal
for refined petroleum products for road transportation.

The main exogenous variables used in the model to project energy demand in the
five countries were GDP, population, energy prices, and structure of the economy
(distribution of GDP among industry, services, and agriculture). The possible ir'oact of
energy prices on GDP is not taken into account. Also, no linkage is assumed between
energy efficiency and GDP, although increase in per capita GDP could increase energy
intensity in the industry sector because fims in more mature economies tend to produce
higher value-added products with energy-efficient facilities.

The GDP and population figures are World Bank figures and their growth rates are
given in Table 7.4. For the base case, energy prices were assumed to be the same in
constant tenrs during the projection period as in 1990, the last year for which consistent
data are available.
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Table 7.4: GDP and Popuation Growths, 1993-2005
( percent per annum)

GDP Popultlon
1981.90 /991931 1994-2000 200200aW 1993 199 1995-2000 2000.2005

(AI) (Fart (tualns)i (Faraeasti
Chis 8.S I11.3 8.6 8.4 1.4 1.4 1.2 1.2
India S.8 3.2 6.1 6.2 1.8 1.8 1.6 1.6
Ineinab 5.6 6.3 6.4 6A 1.5 1.7 1.5 1.5
Karen 9.3 5.8 7.7 7.4 0.9 0.9 0.8 0.8
7Uilad 3o 7.9 8.9 8.6 1.6 1.6 1.3 1.3
ml Projedos only up to 2003 were w vadab1ec Projected raes for 2003 were uswned to coniknue through 2005.
Sooa: IEC. World Blak.

For the distribution of GDP among industry, services, and agriculture, it was
assumed that each sector's share of incremental GDP between 1985 and 1991 would be
the same during the projection period,' except for China. For China, as discussed below,
the peliminary projections of the economic structure given in the Greenhouse Gas Study
were used.

MODEL SIMULATION RESULTS OF PROJECTIONS

Projetions for Chins

The most important factors that determine energy demand in China are the
expected growth rates and energy intensities of various subsectors in the industrial sector,
by far the largest energy-consuming sector in China. However, the analysis suggests that
the energy demand of the transport and residential sectors is to increase considerAbly
faster than that of the industrial sector.

Matemanatdly his can be expressed as:

AVA: =,AGDP,* 

whbee AVA = chan in value-added in soctor i from year t-I to year t

AGDP, * change iGDP from year t-l to year t

AV4 9. = chnge in vahlu-dded in sector i between 1985 ad 1991

AGDP5 g1 = change in GDP between 1985 and 1991.
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The projected declines in energy intensities of the industrial subsectors in the
Greenhouse Gas Study are very large. The main reason for this is the assunption that
producers in most subsectors will shift their production from low-value, high energy-
intensive products to high-value, low energy-intensive ones. The authors of the present
study recognize the efforts of the Chinese government and the industrial sector in recent
years to conserve energy but consider the projected energy intensites in the Greenhouse
Gas Study to be those that could only be achieved through strong energy conservation
efforts. One important measure that would have to be implemented would be the
liberalization of energy prices by 1995. The authors of this study consider about one-half
of the rates of decline in energy intensities to be levels that could be achieved without
much energy conservation efforts and assumed these levels in the base case. In other
words, the trends in energy intensities in the present study assume limited energy
conservation and a limited shift of products from high energy-intensive to low ones
compared with those of the Greenhouse Gas Study.

The results of the base case energy demand projections with the assumptions
discussed above are given in Table 7.5 and Chart 7.2. Total energy consumption is
epected to increase at a rate of 7.1 percent p.a. for the period 1991-2005, compared with
5.2 percent p.a. in the 1980s. The expected bigh demand growth is due to high income
elasticities for ener demand in the transport and household/commercial sectors in spite
of deciine in energ intensities in the industrial sector. Energy demand in the transport
sector is expectd to increase with increase in demand for car transport in the commercial
and private sectors. The large increase in the residential sector is due to high expected
demand gwth in electicity. Total energy consumption in 2005 is projected to be almost
dtee times as large as in 1990.

These results are considerably higher than those of the IEA study and the
Greenhouse Gas Study. The main reason for the higher energy demand growth projected
here is that the projected declines in energy intensity in the industrial sector in the present
study are considerably smaler than in the other two studies. The other two stuiaes
assume that energy efficiency in the indust sector wil improve sharply because now
production facilites will be very energy-efficient. However, the IEA study notes that
there could be insufficient funds to build energy-efficient production facilities3 The BankWs
estimates of the trends of energy efficency in terms of umit weight of steel.; cement, and

2 p.174.
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ammonia show moderate declines of between -1.1. and -1.8 percent p.a.3 Thus, unless the

industrial sector shifts significantly from these energy-intensive industries, it would be

difficult to achieve the cnergy efficiencies assumed in those two studies.

Figure 7.2: Actual and Projected Energy Demand in China

(Base Case)
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Source: IEA; IEC. World Bank.

To evaluate the effect of GDP growth on energy demand. another simulation was

run with the assumption that GDP growth rates would be 1 percentage point higher than

the base case for each year during the period 1995-2005. The results are shown in Table

7.6. They show that total energy demand in 2005 will be 10 percent higher than that in

the base run. Because of high income elasticities, the higher GDP will especially affect the

demand in the transport and residential sectors.

3 World Bank (1993).
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Table 7.5: Projected Energy Demand In China
(Base Case)

1980 1990 2000 2005 Growth Rate Elasticit,yw.r.:. GDPha

1980490 1991-2005 1980-90 1991.2005
(million TOE) (9, p.a.)

Total 323.0 511.7 1063.4 1439.0 5.2 7.1 0.60 0.73
Industry 205.2 326.7 668.0 871.1 5.3 6.8 0.60 0.75
Agriculture 16.4 21.8 29.7 38.6 3.2 3.9 0.37 0.43
Transport 27.1 44.8 16.7 120.4 5.7 6.8 0.65 0.75
Residential 74.3 118.3 279.0 409.7 5.3 8.6 0.60 0.95

at Elasticity with regard toGDP. i.e., prcentage energy demand growth divided by percentage
GDP growth for the period.
Source: IEC cstimates

Table 7.6: Projected Energy Demand in China
(High GDP Growth Case)

2000 2005 Growth Rote

1991-2005

(million TOE) (% pa.)

Total 1120.6 1583.7 7.8
Industry 706.8 961.3 7.1
Agriculure 30.4 40.8 4.2

Transport 90.1 130.2 7A
Residendal 293.2 451.4 9.3

Source: EEC estimates

Projections for ndia

As shown in Table 7.7, the growth rate of total energy demand in India is expected
to increase from 5.3 percent p.a. during the 1980s to 5.8 percent p.a. for the period 1991-
2005. The major reason for the higher growth rate is the expected high growth in
industry's and transportfs energy demand. The growth rate of value-added in the industrial
sector was 20 percent higher than that of GDP in the second half of the 1980s, and this
difference is assumed to continue. Compared with the other four countries, the growth
rate of energy demand in the trnsport sector is low. This is mainly because per capita
income is not expected to reach the level at which rapid motoization usually occurs.
However, with the higher level of GDP per capita, expected growth rate through 2005 is
considerably higher compared with that of the 1980s. High growth rates in the household
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sector are due to expanding electrification. The expected slower rate of growth in this
sector for the period 1991-2005 is due to GDP growth rates that are assumed to be lower
than in the 1980s.

Table 7.8 shows the simulation results in the event that GDP growth rates were I
percentage point higher than the base case for the period 1995-2005. In this case the total
energy demand in 2005 is projected to be 2.5 times as high as the level of 1990.

In order to examine the effects of energy prices on energy consumption, a
simulation run was undertaken with the assumption that energy prices are 10 percent
higher than the base case for the period 1995-2005. The results are shown in Table 7.8.
The effect is significant, and in 2005 the total demand is 10 percent lower than the base
case, suggesting a long-terrn price elasticity of 1.0. The industrial sector is projected to
experience the largest decline in energy consumption, followed by agriculture. Demand in
the transport sector shows only a slight decline, mainly because transport energy demand
in india arises from rail and from sector vehicles with diesel engines, which have low price
elasticities of demand.

Table 7.7: Projected Energy Demand In India
(Base Case)

1980 1990 2000 2005 Growth Rate Elasdcity w.r.t. GDP
1981-90 1991-2005 1981-90 1991-2005

(mililon TOE) (%Pa.)
Total 72 119 202 267 5.3 5.8 0.91 0.94
Industzy 44 72 123 159 4.4 5.6 0.76 0.91
Agriculture 1 4 9 15 12A 10.1 2.14 1.64
Transport 17 24 37 47 3.9 4.8 0.67 0.78
Residential 10 19 33 45 8.5 6.3 1.47 1.02
Somce: IEC estimates
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Table 7.8: Projected Energy Demand in India

(High GDP Growth and High Energy Price Case)

2000 2005 Growth Rate
1991-2005

(million TOE) (% p..)
High GDP Growth Case
Total 216 301 6.7
Industry 131 178 6.6
Agriculturm 10 19 11.8
Transport 39 52 5.6
Residential 36 52 7.3
High Energy Price Case
Total 135 241 5.0
Industry 108 137 4.5
Agriculture 8 13 9.1
Transport 36 45 4.5
Residential 33 45 6.2
Source: IEC estimates

Figure 73: Actual and Projected Energy Demand In India

(Base Case)
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Projectons for Indonesia

Indonesia's energy use increased at a relatively low rate of 3.3 percent p.a. during

the 1980s, mainly because of low GDP growth in the first half of the 1980s. The growth

rate of total energy use for the period 1991-2005 is projected to be more than twice that

of the 1980s. With high income elasticity, energy demand in the transportation sector is

expected to record the highest growth rate among the sectors. Further industrialization

and electrification in the household sector are projected to increase energy use

substantially in those two sectors as well. Total energy use in 2005 is projected to be

more than three times that of 1990. If GDP growth rates are I percentage point higher

than the base case, total energy use will be 3.5 times the level of 1990 (see Table 7.10).

If energy prices are 10 percent higher, however, total energy use in 2005 is

projected to be 2.3 percent lower than the base case. The main reason for this rather small

impact would be the low price elasticity of demand in the industrial sector. Industries in

Indonesia have expanded fairly recently, and their machines and faictories are relatively

new and fuel-efficient, making further energy saving difficult.

Figure 7.4: Actual and Projected Energy Demand in Indonesia
(Base Case)
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Table 7.9: Projected Energy Demand In Indonesia
(Base Case)

1981 1990 2000 2005 Gnrvth Rate Elasticity w.r.,. GDP
1981-1990 1990-2005 1981-1990 1990-2005

(million TOE) (sll.a.)
Total 18.4 29.5 62.6 91 3.3 8.4 0.59 1.31
Indusiry 7.3 M 12.2 24.7 34.5 3.9 7.7 0.70 1.20
Transport 5.4 9.4 20.7 31.4 5.0 9.0 0.89 1.41
Residcntial 5.7 7.9 17.2 25.1 1.9 8.6 0.34 1.34
at Da taor 1989.
Sour=c IEC esdmates

Table 7.10: Projected Energy Demand in Indonesia
(High GDP Growth and High Energy Price Cases)

2000 2005 Growth Rate
1990-2005

(million TOE) (% p.a.)

High GDP Growth Case
Total 66.1 102.6 9.3
Industry 26.4 38.6 8.6
Transport 21.9 36.8 10.3
Residential 17.8 27.2 9.2

High Energy Price Case
Total 61.1 88.9 8.2
Industry 24.5 34.3 7.7
Transport 20 30.4 8.8
Residential 16.6 24.3 8.3

Source: [EC estimates

Projections for Korea

As shown in Table 7.11, the growth rate of total energy use in Korea is projected
to be 7.6 percent p.a. for the period 1991-2005, compared with the rate of 8.2 percent p.a.
for the 1980s. The main cause of slower growth in energy use will be slower GDP growth
for the projection period, which significantly affects transport's energy demand. Smaller
GDP growth rates are expected to reduce the industrial sector's energy use from 8.5
percent p.a. in the 1980s to 7.6 percent p.a. for the period 1991-2005. The total energy
demand in 2005 is expected to be 2.7 times as much as that of 1990. The transport sector
is expected to continue to record the strongest growth in energy use. Its share of total
energy demand is projected to increase from 17 percent in 1990 to 24 percent in 2005.
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Energy use in agriculture increased at a very high rate of 14.2 peucent p.a. during the
1980s, due to rapid mechanization. Given an expected decline in the importance of
agriculture, the rate of growth of energy is liely to decline 5.5 percent p.a. for the

projection period.

Figure 7.5: Actual and Projected Energy Demand in Korea
(Base Case)
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If GDP growth rates are I percentage point higher than the base case, total energy
use in Korea in 2005 is projected to be three fimes the level of 1990 (see Table 7.12). In
this case, energy use in the transport sector is expected to increase at a rate of 12 percent
p.a.. and its share of total energy use in 2005 will be 26 percent.

If energy prices are 10 percent higher for the period 1995-2005, total energy use in

2005 will be 3 percent lower than the base case. The transport sector is very sensitive to
energy prices, but the impact on other sectors would be limited, given that energy costs
are a small fraction of total costs in industrial and agricultural production, and in
household budgets. It also reflects the fact that, as discussed in Chapter 3, the industrial
sector is already energy-efficient, making the prospects for energy conservation rather
litnifed.
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Table 7.11: Projected Energy Demand In Korea

(Base Case)

1981 1989 2000 2005 Growth Raoe Elasticitv w.r.e GDP
1981-1990 1991.2005 1981-1990 1991.2005

(million TOE) (% p.a.)
Totl 34 70 135 191 8.2 7.6 0.88 1.01
Industry 16 34 67.8 94.5 8.5 7.6 0.91 1.01
Agriculture 0.6 1.7 2.8 3.6 14.2 5.5 1.53 0.73
Transport 3.0 12 27 45.1 13.9 10.1 1.50 1.34
Residential 14 22 37.4 47.7 4.9 5.7 0.53 0.76
Source: IEC estimatcs

Table 7.12: Projected Energy Demand in Korea

(High GDP Growth and High Energy Price Cases)

2000 2005 Growth Rate
1990-2005

(million TOE) (% p.a)
ED1gb GDP Growth Case
Total 144 218.9 8.7
Industry 72 105.8 8.5
Agriculture 2.9 3.9 6.2
Transport 30.3 57.8 12
Residental 38.8 51.5 6.3
H1gb Eerg Price Cs

Total 130.6 184.6 7A
Industry 65.2 90.6 7.3
Agriculture 2.7 3.5 5A
Transport 26A 43.7 9.8
Residential 36.3 46.7 5.5
Source: IEC estimates

Projecdons for Thailand

Thailand's total energy use grew at a rate of 10.2 percent p.a. in the 1980s (see

Table 7.13). All sectors except agriculture contributed to this strong growth, but the

trnsport sector has been the most important in terms of the share in total and growth rate.

The projected growth rate of total energy use is esfimated to be 9.1 percent p.a. for the

period 1990-2005. This slowdown will be mainly due to lower GDP growth rates during

the projection period. Also, the rate of fuel use per car is expected to decine because of

an increase in the number of cars. Even with a lower growth rate, however, energy use in

ali sectors is projected to increase substantially over the projection period, making the
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total energy use by 2005 3.4 dmes as high as in 1990. GDP growth rates are higher by I
percentage point, total energy use in 2005 will reach 69.6 million, or almost four times as
much as in 1990 (see Table 7.14).

Energy use in Thailand does not appear to be sensitive to energy prices. Hence,
the expected decline in energy use because of a 10 percent increase in energy prices is
expected to be marginal because of low price elasticity of demand in all sectors. As in
Korea, price elasticity is low because energy costs constitute only a small fraction of total
costs in the industrial sector and in household budgets, and facilities in the industrial sector
are relatively new and fuel-efficient.

Figure 7.6: Actual and Projected Energy Demand in Thailand
(Base Case) -
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Table 7.13: Projected Energy Demand In Thiland
(Base Case)

1981 1990 2000 2005 Growth Rae Elastkiides war. GDP
1981-1989 1990-2005 1981-1989 1990-2005

(million TOE) (%p.al
Total 7.9 18.6 43.1 63 102 9.1 1.28 1.04
Industry 2A 5.7 13A 19.5 9.8 9.2 1.23 1.05
Agriculture I 1.3 2.9 3.8 5.8 5.6 0.73 0.64
Tr&msport 3.4 8.5 19.7 28.9 11.9 9.1 1.49 1.04
Residential 1.1 2.7 7.1 10.7 9.9 10.5 1.24 1.20
Source: IEC estimates

Table 7.14: Projected Energy Demand In Thailand
(High GDP Growth and High Energy Price Cases)

2000 2005 Growth Rate
1990-2005

(million TOE) (%P.&)
High GDP Growth Case
Total 45.5 69.6 9.9
Industry 14.2 21.7 10
Agriculture 2.9 3.8 5.6
Tansport 20.8 32.1 10
Residential 7.6 12 11.4
HEgh Energy Price Case
Total 42.1 61.4 8.9
Industry 12.9 18.8 8.9
Agriculture 2.9 3.7 5.4
Transport 19.4 28.6 9.1
Residential 6.9 10.3 10.2
Source: IEC estimates

Effects of Energy Conservadon in Energy-Intensive Industrial Subsectors

In this section, rough quantitative estimates of reduction in energy consumption

due to energy conservation efforts in mainly the four energy-intensive industries are given.

Although they are rule-of-thumb estimates, they offer a way to show the importance of

energy conservation efforts.

Determining the extent of possible energy conservation in the transport sector is

fraught with uncertainty. Uncertainties abound with regard to the extent of the modal

shift from rail to road transport, construction and use of mass-transit systems in urban
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areas, purchases of fuel-efficient small cars versus large luxurious cars, the effect of urban
congestion on motor vehicle fuel efficiency, etc. Quantifying the trends in the energy
efficiency of electric appliances, lighting fixtures, and so on is beyond the scope of this
study. It is easier to assess the possibility of energy conservation in the industrial
subsectors, whose technologies and energy demands are much better understood.

As discussed earlier, it is assumed here that the intensities given in the "business as
usual" scenario of the Greenhouse Gas Study would be the energy intensities achieved in
China after effective energy conservation measures were taken. Examination of energy-
intensive industries in the other four countries, as discussed in Chapter 3, suggests that
significan: energy conservation can be achieved in the industrial subsectors of those
countries. For example, in India many obsolete and small-size factories in the iron and
steel, cement, chemical, and pulp and paper industries recorded energy intensities more
than twice as high as that of industrialized counties. In Indonesia many modem plants
were constructed in the chemical industry including fertilizer during the 1980s; however,
these modem facilities still have room to improve energy efficiency by about 20 percent
Furthermore, in Korea whose technology has almost reached the level of industrialized
countries, energy efficiency can still be improved 10 percent to 20 percent in small- to
medium-size factories through energy-saving measures. Estimates of the differences in
energy efficiency of the four countries and the average of industrialized countries are given
in Table 7.15. The estimates for Korea are based on interviews with energy economists at
the Korea Energy Economics Institute (KEEI).

Table 7.15: Estimates of Potential Energy EfMciency Ibnprovement in
Energy-Intensive Industries

Iron and Steel Cement Chemical/Fertilizer Paper and Pulp
India 40% 65% 60% 70%
Indonesia NA. 20% 35% 30%
Korea 20% 10% 10% 15%
Tthailand N.A. 15% N.A. 20%
Note: NA. - Not Applicable
Source: IEC estimates

If energy conservation efforts aie made in China troughout the industrial sector to
achieve the reduction in energy intensities assumed in the Greenhouse Gas Study, the
reduction in energy consumption in tbe industrial sector in 2005 wili be 228 mllion toe
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compared with the base case. This saving will be equivalent to about 26 percent and 16
percent of the energy expected to be consumed in the industrial sector and in the country,
respectively, in 2005.

If energy efficiency is im roved in India's energy-intensive industries by the amount
given in Table 7.15, the savings in 2005 are projected to be 44 million toe, or 28 percent
and 16 percent of the expected energy consumption in the industrial sector and in the
country, respectively. The corresponding figures for Korea would be 7 million toe, or 7
percent and 4 percent. For Thailand, estimates were made only for the cement and paper
industries. Energy conservation in these two industries would be 1.2 million toe in 2005,
equivalent to 6.2 percent and 1.9 percent of expected energy consumption in the industial
sector and in the country, respectively.

There were not sufficient data on Indonesia's industrial sector to make estimates of
potential energy conservation.

Although the estimates given here of the energy that could be saved through
energy conservation are very rough ones, they suggest that enery conservation efforts
could reduce energy consumption significantly, especially in China and Ixdia.
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8
POLICIES AND MEASURES FOR ENERGY CONSERVATION

Model simulation runs given in the previous chapter show that energy demand in

the five Asian developing countries is likely to continue to increase at a rapid rate through

2005. The expected large increase in energy demand in these countries will contribute to

environmental deterioration, raise the costs of energy-related infrastructure, and raise

prices in world energy markets.

The environmental problems caused by increasing energy demand are becoming

increasingly serious. They include acid rain, topographical changes resulting from the

building of dams, air pollution around power generators and factory sites, the possibility of

emissions from nuclear reactors, and air pollution ' am automobiles. In many

industrialized countries the government has tried to establish a "polluter pay principle"

(PPP), but it is often difficult to determine who the polluters are, and how much damage is

done. There are three approaches to solving environmental problems caused by energy

use-a reduction in pollutants pex unit of energy use, an increase in energy efficiency so

energy use can be reduced, and substituting clean energy for "dirty" energy. The

discussion here is limited to energy conservation.

Very large investments in energy-related infrastructure will be required to meet

expected energy demand in these countries. They include power generators and dams,

expansion of electricity distribution systems, expansion of port facilities to import coal,

ptroleum, and natural gas, and expansion of transportation capabilities to transport fuels

domestically and internationally. The cost of this infrastructure could be on the order of

hundreds of billions of US dollars for the next ten years.

Another problem will be the "adding-up problem"'--when changes in supply or

demand of a certain commnodity in any individual country, industry, or firm may not have

an effect on the world price of that commodity but the combined changes have a

significant impact on price. The expected increase in energy demand of each Asian

country, industry, or firm may not be large enough to have an impact on world energy

prices. However, if all the countries increase their energy demands, the impact on prices

1 bis tenr is often used to describe the problem of declining commodity prices due to increased
production in many developing countries.
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could be significant. In other words, the combined increase in energy demand could

increase world energy prices substantially.

In such a situation, cost-benefit analysis of energy conservation measures at the

country or regional level would be different from analysis at the firm or individual person

level because world energy prices would be different depending on whether energy

conservation measures are taken or not. The difference could be large when the analysis is

undertaken at the country or regional level because a change in world energy prices affects

the cost of all the energy used in a country or region. For example, at the level of a firm,

the cost of energy conservation would be the cost of the required investment (INV) and

the benefit would be the reduced cost of energy (B= P. AQ + Q. P- AP. AQ where

Q = absolute change in energy consumed and AP = absolute change in eney price). A

firm would compare the cost (INV) with the benefit (B). The benefit at the country level

would be significantly larger, since the reduced cost of energy would affect all the energy

used in the country (Q at the country level is much larger than at the firm level). (This

argument assumes that all energy prices are strongly correlated.) An extension of the

above discussion implies that the benefit would be greater at the regional and global levels.

Greater energy use in the Asian developing countries would substantially increase

world energy prices in the future. Hence, energ conservation efforts are important not

only at the individual firm or person level but also at the country and regional levels.

Regional, and possibly global, cooperation in energy conservation thus becomes

important.

The present study suggests that energy price is the key variable that affects energy

conservation and energy use. Hence, the subsidies given in many countries for energy use

discourage energy conservation and efficient energy use. These subsidies also often have

a detrimental fiscal impact on governments. Elimination of subsidies for energy

consumption should be the first measure taken to encourage energy conservation.

The reasons often given for the subsidies include the importance of giving financial

assistance to the poor and aiding industry. Given that a much larger share of energy is

consumed by the well-to-do than by the poor, subsidies for energy use help the rich much

more than the poor. Fmancial assistance to the poor can be mom efficiently and

effectively given through other means. Subsidies for energy use in industries aimed at
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increasing their competitiveness create distortions in the relative prices of inputs and hence
inefficient use of inputs.

It should be rcognized that there is a limit to the extent to which higher prices can
induce energy conservation. The present study found that prices have a considerable
impact on energy efficiency and use in countries where income is still low, but have a low
impact in countries where income is relatively high. One of the reasons is, for the
relatively low price elasticities, as discussed above, not all the costs of increased energy
use arc taken into account.

In view of the discussion above, govemments and the intemational community
should place a high priority on energy conservation efforts. As discussed in Chapters 3, 4,
5, and 6, some measures can be cost-effective even at the level of the individual firm and
person.

A summary of potential energy conservation measures discussed in the present
study is given here.

ladusta sector. This sector has the largest room for energy conservation. It
accounts for the largest share of final energy consumption (except in Thailand) and is a
sector dominated by energy-intensive industries. In general, energy intensity at large
plants in Asia is more than 20 percent higher than at large plants in the industrialized
countries. It is someimes mnore than double at small plants. The main reasons for this
lower energy efficiency are:

(a) use of out-of-date facilities and processes;
(b) poor energy management even in modernized facilities;
(c) some industries producing high value-added products have increased their energy

intensity by changing from labor-intensive to energy-intensive processes; and
(d) low energy prices deter firms from investments in energy efficiency.

To improve energy efficiency, the following measures can be applied. The first
step is improving plant operations, by requiring good housekeeping and maintenance.
This results in improvements not only in energy efficiency but also in productivity and
quality of products. In addition, this does not usuaUly require large investments. The
second step is revamping old plants, which requires investment in plant modification.
Judging from the experience of Japan's industrial sector after the oil crises, however, such
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investments usually reap large returns. The last step is to replace old plants, with new
ones. This is the best way to improve enerD efficiency but requimes large investments.

In addition, the following actions may be needed:
(a) setting energy conservation targets by industry;
(b) setting technical standards and codes for energy conservation;
(c) providing infonmation on energy conservation; and
(d) creating bodies to promote energy conservation activities at both the industry and

corporate levels.

Transportation sector. Due to rapid motorization, energy conservation in this
sector is crucial. In middle income countries, such as Korea and Thailand, energy intensity
has tended to increase mainly because of deteriorating traffic conditions in large cities. In
the countries in which rail transport is still important, such as China and India, a modal
shift from rail to road transport is under way.

To improve the energy efficiency of road transport in India, modeniization of car
design and production is necessary. The energy efficiency of cars in the other four
countries is almost as high as that in the industraized countries, since car models in these
countries are basically the same as those in the industrialized countries. The measure
needed in those countries to improve the energy efficiency of road transport is to reduce
-rAffic congestion in cities. This includes regulation of traffic, more mass transportation,

and better city planning. The introduction and expansion of mass transportation systems,
such as subways and suburban train systems, are necessary, though large invements will
be requied.

In China and India the modenizaton of railways is also essential. Although the
governments of both countries have been promoting the replacement of steam locomotives
with diesel and electric traction, the share of coal in energy comption of rail transport
is still large: 69 percent in China as of 1989, and 54 percent in India as of 1990. The
energy efficiency of steam locomotives is only one-fourth that of diesel and electric
traction.

BosehoWdeommeroi sector. Demand for electricity in this sector is expcted
to incrase more than the demand for other energies because it is considered a claner and
more convenient form of energy. As in the industrialized countries, high growth of

161



electricity demand in this sector will raise peak loads and reduce load factors. This implies
imbalanced use of power generation capacities.

In low income countries such as China and India, traditional energy is still widely
used for cooking and home heating in rural households. The thermal efficiency of
firewood stoves is about half that of common coal stoves and one-fifth that of gaseous
fuel stoves. Such inefficient use of traditional fuels not only increases fuel consumption
but also cause environmental deterioration.

Although commercial energy sources are being substituted for traditonal energy
sources, the efficiency of energy use is still low in most of the five countries. Kerosene is
still used for lighting in India's rural areas, and raw coal is used for cooking and heating in
China. Households in both urban and rural areas have purchased many electric appliances,
but their efficency is often much lower than the efficiency of appliances in the
industrialized countries.Z Incandescent lights are widely used, but Lhe use of fluorescent
lamps is limited by high prices.

Electrk power sector. High generation losses in the electric power sector reduce
electricity supply more than 20 percent, and sometimes more than 30 percent, in China,
Inda, and Indonesia. These losses are caused by: (a) the small siae of most plants; (b)
poor plant maintenance; (c) inefficient plant operation; and (d) high auxiliWary consumption.
As with energy conservation in the industrial sector, good housekeeping and maintenance
alone can umwove boiler efficiency and reduce auxiliary energy consumption without large
investments. This is a more effective way to increase power supply capacity and to
alleviate the financial burdens of constructing new power plants. Revamping existing

power plants is also a cost-effective way to increase power supply, even though significant
investments are required.

To reduce the high generation losses of power plants, the following measures are
needed: (a) good housekeeping and maintenance; (b) moderization or revamping of old
power plants; and (c) pursuing economies of scale in constructing new power plants.

In addition to high generation losses, high T&D losses in the four of the five
countries (the exception is Korea) reduce power supply capacity. The losses are generaily

2 S. Meyen et6al.. 1990.
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two to four times as high as those in Germany and Japan. In India, T&D losses amount to

more than 20 percent of electricity generated. Conversely, those of Japan accounted for

5.6 percent in 1989. If T&D losses in India were reduced to levels in the industrialized

countries, more than 15 percent of the demand for new power generation capacity would

be unnecessary. These large T&D losses are caused mainly by (a) the low voltage of

T&D lines; (b) too many voltage step-downs; and (c) poor workmanship and maintenance.

Othei non-technical causes of T&D losses, such as incorrect metering and pilferage of

electricity, are also basic problems.

To reduce these high T&D losses, the following measures are needed: (a)
reinforcing and modernizing overloaded transmission and distribution system--e.g.,

expansion and looping of trunk grid systems, upgrading of system voltage and

simplification of voltage steps, and reduction of transformer losses; and (b) enforcing
correct metering systems and preventing pilferage of electricity.
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APPENDIX

Table A1.: China: Energy Imports and Exports

(Unit: million toe)

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

Exports 22.26 23A5 24.58 24.71 33.01 42.29 41.23 42.17 43.10 41.79 41.72 39.69

cud 4.42 4.60 4.51 4.59 4.87 5.30 6.77 9.41 11.38 11.38 1138 11.38

Colt 0.18 0.17 0.32 0.24 0.24 0.25 0.31 0.41 0.70 1.13 0.89 0.73

Crude Oil 1332 13.87 14.69 14.54 22.03 30.33 28.53 27.5 26.07 24.41 24.01 22.62

OilProduas 4.32 4.81 5.05 5.05 5.87 6.39 5.61 5.08 4.93 4.87 5.42 4.95

EIesicity 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.02 0.00

Imperts 1.76 1.51 2.27 1.99 2.22 2.72 5.16 5.47 5.60 10.80 8.09 11.65

Coal 1.39 1.35 1.53 1.50 1.75 1.62 1.73 1.36 1.18 1.60 1.39 0.96

cnde Oil 0.37 0.07 0.65 0.37 0.25 0.72 1.08 1.72 0.86 3.27 2.93 5.98

Oil ProduLos 0.00 0.00 0.00 0.00 0.00 0.07 2.01 2.03 3.13 5.46 3.23 4.71

Electricity 0.00 0.08 0.09 0.12 0.23 0.31 0.34 0.36 0.43 0.46 0.54 0.00

Source: LBL

Table A3.1: Final Energy Consumption by Sector

71 rlli~~~~ ~~omwe_ - _ hwfaf" &YMk_Mw&QMRs2a,

190 5393 Or-&. Iva 1990 G..'.IJ 1low 0990 C.-.4 ml3 99 Gpd,%
ckn 412.700 31L.Joe 4A 0t 1.3 . nab tA

CIe.. 432.700 533.70 4.4* 257., t 326.700 4.0% 3.5- 44000 4.% IOI.IW IIV300 32*

h..A ism3 124.992 4.9% 58.323 71.9M 4.1% 2139.5 26.324 3.6% 11.69 153917 6AS

.__. 23.183 33,673 7.7% 0.01 11.5,?' S. 1% 7.243 11.103 IL9% 5.723 7.933 6.3%
K.. 42.530 7.515 3 0.6% 17.124 30.261 12.1% 7.046 14.272 Is2s 17.113 21.9WJ2 5.1%
,adui 12.05S 21?43 12.1% 2.963 5.243 32.1$ 6.075 11.474 156% 1352 2.413 14#

Table A3.2: Energy Intensity of Crude Steel Production in Japan from 1973 to 1990

Fiscal Year 1973 1975 1980 1985 1986 1987 1988 1989 1990

Index 100 97.8 88.5 79.9 78.1 79.5 79.9 79.8 79.7

10^16 kcalftonne-crude steel 7.13 6.97 6.31 5.69 5.57 5.67 5.69 5.69 5.68

toetonnc-crude steel 0.71 0.70 0.63 0.57 0.56 0.57 0.57 0.57 0.57

Note: Actual value of energy intensity is calculated by using index and data in FY90.
Source: The Japan Iron and Steel Federation
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Table A3.3: Development of the Energy Consumpfion of Ammonia Plants
(GJ/ton NH3)

Year 1966 1973 1977 1980 1991
Plant A B C D E
Feed 23.90 23.32 23.48 23.36 22.65
Fuel, reformer 13.00 9.21 7.35 5.65 5.90
Fuel. auxiliary boiler 2.60 5.02 3.06 1.17

Export _ i.55)
Total 39.50 37.55 33.89 30.18 28.00

Source: Appl. 'Modern ammonia technology: Wherever we go to,
where arc we going?" Nitrogen (March-April 1993).

Table A3.4: Modern Low-energy Ammonia Plants

Process Energy Consumption
GJlton NH3 Gea Uon NM3

Natural Gas-based
Modern Low-energy Plant:
Brown & Root Braun 28.0 6.69
M. W. ellogg 279 6.67
Uhde 28.0 6.69
HaldorTopsoe 27.9 6.67

Economic Small-size Plant:
PARK 31.8 7.60
ICI LCA 31.8 7.60

Heavy Fuel Ol-based
TopsOC 34.8 8.31
Foster Wheeler 36.7 8.77
Coal-based
Ube/Texaco 5.45 10.87

Note: Figures are based on a balanced plant without energy exporL
Source: Appl. 'Modern ammonia technology. Wherever we go to.
where are we going?" Nitroen (March-April 1993).

Table A3.5: Energy Consumption in Urea Production

Process Energy CcunWmpaion Cumulat (Gos iaseJ
GJ/ion area Gcela44a urea GJhon area Galtta urea

Stamicarbon stripping 4.50 1.07 20.88 4.98

Snamprgei 4.64 1.11 21.02 5.02

Montedisonws DR 4.93 1.18 21.31 5.09

TEC-MTC ACES 5.08 1.21 21.46 5.12

Soaue: ToyoEngineering Coipoation
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Figure A3.6: Utilizadon Rate of Waste Paper in 1990

Japan 52%
Germany 48%
France 47%
Italy 45%
China 30%
USA 28%
Sweden 12%
Canada 11%
Finland 5%
Sour=c: Japan Paper Association

Figure A4.1: Price of Motor Fuels in India

(Unit Rupee/liter)
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

(a) Gasoline 5.15 5.56 6.15 6.21 6A1 7.34 7.79 7.79 7.85 8.20 12.50
(b) Diesel oil 2.21 2.61 2.96 3.21 3.27 3.45 3.57 3.63 3.05 3.45 4.50
Ratio (a)/(b) I 2.3 2.1 2.1 1.9 2.0 2.1 2.2 2.1 2.6 2.4 2.8

Source: Asian Development Bank

Figure A4.2: Price of Motor Fuels in Indonesia

(Unit: Rupiah/liter)
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

(a) Premium gasoline 220 220 360 400 400 440 440 390 410 430 450
(b) Regular gasoline 150 240 240 320 350 385 385 325 375 395 400
(c) Diesel 53 53 85 145 220 242 200 220 210 203 245
Ratio of (b)/(c) 2.9 4.6 2.8 2.2 1.6 1.6 1.9 1.5 1.8 1.9 1.6

Source: Asian Development Bank

Figure A43: Prices of Motor Fud in Korea

(Unit: Won/liter)

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
(a) Premium gasolne 700 1,010 1,060 890 890 890 790 715 526 620 790
(b) Regular gasoline 580 700 740 660 660 660 570 515 402 480 560
(c) Diesel 175 255 278 277 277 277 230 207 179 185 210
Rafio of(b)((c) 3.3 2.7 2.7 2.4 2A 2.4 2.5 2.5 2.2 2.6 2.7
Source: Asian Development Bank
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Figure A4.4: Prices of Motor Fuel in Thaland

(Unit: Bahtliter)
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

(a) Prenium gasoline 9.80 11.90 13.45 11.70 11.70 11.70 8.90 8.90 850 850 9.10
(b) Regular gasoline 926 11.40 11.40 10.80 I08 10.80 820 8.20 7.80 7.80 850
(c) Diesel 6.54 7.39 7.39 6.70 6.70 6.70 6.30 6.30 6.10 6.10 6.70
Ratio of (b/(c) IA 1.5 1.5 1.6 1.6 1.6 1.3 1.3 1.3 1.3 1.3

Source: Asian DevelopmentBank

Table AO.1: Power Plant Thennal Efficiency (Gross)

Year 1980 1981 1982 1983 1984 1985 1986 1987 1981 1989 1990
China 25.7% 26.0% 26.3% 26.5% 26.6% 28.7% 29.8% 30.1% 29.1% 26.4%
India 24.8% 23.9% 24.8% 23.0% 25.3% 23.9% 24.5% 26.6% 18.6% 22.0% 21.6%
Indonesia 28.8% 25.0% 27.9% 27.7% 28.7% 28.0% 305% 28.6% 31.1% 28.2% 32.4%
Korea 35.7% 35.7%e 37.4% 364% 36.5% 37.5% 37.0% 36.4% 34.8% 36.1% 35.7%
Tbailand 34.2% 35.5% 35.9% 37.2% 38.3% 37.6ff 38.3% 383% 3g.0% 38.0% 39.89%
lapan 38.1% 38.2% 383% 3A.4% 38.2% 38.2% 38.4% 385% 38.6% 38.8% 38.8%

Source: "Energy Indicators of Developing Member Countries of ADB."
Asian DevelopmentBank. July. 1992.
'Hand Book of Electlic Powr Industry (Japan)" September, 1992.

Table A6.2: Auxiliary Consumption in Thernal Power Plant

Year 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

China 7.4% 7.5% 7.6% 7.6% 7.5% 7.6% 7.6% 7.6% 7.7% 7.9% 8.0%
India na na na na na na na na na na na
Indonesi A4.6% 4.6% 5.0% 4.8% 5.1% 5.6% 4.7% 4.9% 5.1% 5.1% 4.9%
Korea na Da na na na na na na na na na
Ihailand na na na na an Da na na na na na

Japan 4.6% 4.6% 4.5% 4.5% 5.1% 4.7% 4.7% 4.6% 4.6% 4.5% 4.5%

Note: Countries with * include auciliary consumption at hydro power stations.
Source; 'E1ectric Uilities DataboorC Asian Dcvcloment Bank. Januuy, 1993.

'Hand Book of Electric Power Industry (Japan)' Septmber. 1992.
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Table A6.3: Transmission & Distribution Losses

Year 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

COina 8.5% 7.7% 8.1% 8.7% 82% 8.3% 7.8% 8.7% 7.4% 73% 7.1%
India 20.6% 20.7% 21.2% 21.3% 21.5% 22.9% 23.0% 22.5% 22.3% 22.4% 22.4%
Indonesia 19.2% 19.6% 18.9% 19.4% 17.6% 15.9% 17.2% 17.3% 17.8%a 16.6% 16.4%
Korea 6.7% 6.6% 6.6% 6.3% 6.3% 5.9% 5.9% 6.0% 5.8% 6.1% 5.6%
'Ibailand 9.8% 10.6% 9.9% 10.7% 10.6% 11.7% 9.8% 10.7%o 10.5% 10.2% 10.9%
Japan 5.8% 6.0% 5.9% 6.0% 5.7% 5.8% 5.9% 6.0% 5.79% 5.6% 5.7%

Source: "Electric Utilities Daxabook" Asian Development Bank. January, 1993.
"Energy Indicators of Developing Member Countries of ADBD Asian
Dcvclopment Bank, July. 1992.
'Hand Book of Electric Power Industry (Japan)" Septunber. 1992.

Table A6.4: Transmission and Distribution Lines Length (Circuit Kilometers)

kV 66/69170 110/115 1501154 220t230 330/345 500 Total
& below 132 187 400

China 261.805 117.602 179 4,023 7,117 463,677
56% 25% 0% 1% 2% 100%

India 65.754 55,395 10.005 131,154
50% 42% 8% 100%

Indonesia 6,923 8,579 1.061 16.563
42%o 52% 6% 100%

Karca 3,877 10,609 4.935 19,432
209% 55% 25% 100%

lhailand 1,167 9.810 7,060 533 11,570
6% 53% 38% 3% 100%

Japan 82,148 30.250 23,814 7,961 144. 3
57% 21% 17% 6% 100%

Note: As of 1990: India as of March 31. 1989.
Somuc: "Electric Utilities Databook" Asian Development Bank, January. 1993.

Teri Energy Data Directory & Yearbook (1990/91).
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Tablc A7. 1: Summary of Price and Income Elasticitics from Previouts Studies, Transpornation Scctor

Study Country Dependlent Variable Price Income I criodm
Elasticily Elasticity

McRae (1994) India Gnsolinc consumption -0.32 1.38 1973-87
Indonesia *0.20 1.69
Korea -0.50 0.71
Taiwan 0.02 0.81
Thailand .0.30 1.77
II Asian developing countries Gasoline consumption (static) .0.12 0.62

(Almon lug short-ruin) .0.14 0.44
(Alimion lag long-riun) -0.26 0.66

Birol & Guerer (1993) Thailand Gasoline consutm1plion -0.29 0.44 1970-90
Diesel consumption .0.38 1.63

Garbacz (3989) Taiwan Gasoline consumplion (log flow modcl short-run) -0.33 0.33 1954-85
(linear flow m(xoel short-run) -0.16 0.55
(linear flow model long-run) .0.48

Motorfuel consumption (log fow model short-run) -0.34 0.49
(log flow model long-run) -1.65 2.46

Dunkerley & Hoch (1987) All developing Per capita consumption transportation fuel -0.15 1.2
Low-income developing 0.0 0.85
Middling-income developing -0.2 1.3
High-income developing -0.6 1.3

All developing Per capita consumption gasoline -0.4 1.4
Low-income developing -0.5 1.2
Middle-income developing -0.4 1.4
High-income dcvcloping -0.3 1.2

Miklius (1986) 7 Asian countries Gasoline & diesel consumption (short-run) -0.13 0.08 1974-81
(long-run) -2.72 1.59

Gasoline consumption (short-run) -O.54
(long-run) *1.56



Table A7.2: Summary of Price and Income Elasticities from Previous Studies, Industrial Sector

Study Country Dependent Variable Price Elasticity Period
Borges & Pereir (1992) Ponlugal Energy consumption in manufacturing -1.26 1978

Sterner (1989) Mexico Electricity consumption In manufacturing -0.50 1966-81

Kim& Labys (1988) Korea Energy consumption manufacturing -0.30 1970
-OA7 1980

Energy consumption Industry -1.01 1980

Slddayno et al (1987) Bangladesh Encrgy consumption textilc industry -0.31 1970-80
Philippines -1.25 1970-77
Tbailand -1.71 1974-77

Philippines Energy consumption food processing industry -0.52 1974-78
Thailand -2.26 1974-77

Pitt (1985) Indonesia Energy consumption industry -0.56 1977

Glapke & Fazzolua (1985) Ivory Coast Electricity consumption industrial & commercial -0.66 1960-77
Ghana -OA6
Nigeria -0.67



Table A7.3: Summary of Price and Income Elasticities from Previous Studies, Residential & Commercial Sector

Study Country Dependent Variable Price Income Period
Elasticity Elasticity

Ang el al (1992) Singapore Residential electricity consumption (short-run) -0.10 0.30 1975-90
(long-run) -0.35 1.00

Westley (1992) Costa Rica Resluentlial electricity consumption -0.60 0.25

Paraguay Residential & commercial electricity consumption -0.63 0.33

Donates & Mergos (1991) Greece Residential electricity consumption (short-run) -0.21 0.53 1961-86
(long-run) -0.58 1.50

Rarncharran (1990) Jamaica Residential electricity consumption 0.11 1.21 1970-86

-4Small industry & commercial electicity consumption -0.26 0.34

Large industry & commercial electricity consumption -0.19 0.34

Pitt (1985) Indonesia Rural kerosene consumption -1.00 0.54

Urban kerosene consumption -1.00 0.27

(llapke & Pazzolare (1985) Ivory Coast Residential electricity consumption -0.78 0.28
Ghana -0.20 1.07
Nigeria -0.31 0.63



Table A7.4: Sumnary of Price and Income Elasticilies frmm Previous Studies, Aggregate

Study Country Dependent Variable Price Income Period
Elasticity Elasticity

Tang & La Cmix (1993) China Per capita energy consumption 1.0 1985-89

Huang (1993) China Pcr capita eleciricity consumption 2.72 1950-S0
3.52 1950-70
1.56 197G-80

Pourgeruni & von Hischhausen (1991) Bangladesh Per capita energy consumption (short-run) -0.20 0.40
(long-run) *0.76 1.56

India (short-run) -0.34 0.27
(long-run) -1.33 1.04

Pakistan (short-run) -0.22 0.35
(long-run) -0.83 1.30

Santos (1991) Philippines Per capita energy consumption -0.17 1.29 1965-73
-0.12 0.94 1973-81

Chongpeerapien (1991) Thailand Per capita energy consumption 1.23 198089

Ibrahim & Hurst (1990) India Per capita energy consumption 1.56
Indonesia 1.19
Korea (short-run) -0.11 1.22

(long-run) -0.24
Pakistan (short-run) -0.25 1.33

(long-run) -0.25
Philippines (short-run) -0.17 1.14

(long-run) -0.17
Taiwan (short-run) -0.24 1.24

(long-run) -0.53
Thailand (short-run) -0.11

(long-run) -0.15 1.08

contld.



Table A7A-Continued: Summary of Price and Income Elasticities from Previous Studies, Aggregatc

Study Country Dependent Variable Price Income Period
Elasticity Elasticity

Ibrahim & Hurst (1990) Indonesia Per capita oil consumption 1.03
Korea -0.26 1.09
Pakistan *0.34 0.62
Philippines *0.14 0.85
Taiwan -0.64 1.33
Thailand .0.72 0.73

Koshal (1990) Korea Per capita energy consumption (short-run) *0.76
(long-run) -0.19??

Philippincs (short-run) -0.37
(long-run) -1.35

Tzeng (1989) Taiwan Per capita energy consumption (short-run) -0.12 0.67 1962-84
(long-run) -0.19 1.04

Ang (1988) Malaysia Per capita electricity consumption -0.11 1.69 1960-84
Singapore -0.35 1.39
Taiwan -0.25 1.41
Thailand -0.64 2.63

Fiebig et ai. (1987) India Per capita energy consumption -0.87 1.64
Korea -0.73 1.38
Malaysia -0.74 1.39
Pakistan *0.82 1.55
Philippines -0.76 1.44
Sri Lanka -0.80 1.51
lTbailand -0.76 1.44

Koshal (1990) Komea Pe-r capita energy consumplion (short-run) -0.76
(long-run) -0.19??

Philippines (short-run) -0.37
(long-run) -1.35

Rahmau (1982) India Per capita electricity consumption -0.59 1.71 1960-78
Per capita liquid fuel consumption -0.25 1.45
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