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Abstracti Acid deposition is a serious problem throughout much of Asia. Emissions of sulfur
dioxide (S02) and nitrogen oxides (NOX) have been increasing steadily, as nations strive to
increase their levels of economic development. Coal and fuel oil have been the main choices for
powering industrial developmen~ and, until recently, only a few countries (notably Japan and
Taiwan) had taken significant steps to avert the atmospheric emissions that accompany fuel
combustion. This paper discusses trends in emissions of S02 and NO, that have occurred in
Asian countries in the period 1985-1997, using results from the RAINS-ASIA computer model
and energy-use trends from the IEA Energy Statistics and Bakmces database. Emissions of S02
in Asia grew from 26.6 Tg in 1985 to 33.7 Tg in 1990 and to 39.2 Tg in 1997. Though S02
emissions used to grow as fast as fossil-fuel use, recent limitations on the sulfur content of coal
and oil have slowed the growth. The annual-average emissions growth between 1990 and 1997
was only 1.I ‘ZO, considerably less than the economic growth rate, Emissions of NOX,on the other
hand, continue to grow rapidly, from 14.1 Tg in 1985 to 18.7 Tg in 1990 and 28.5 Tg in 1997,
with no signs of abating. Thus, though S02 remains the major contributor to acidifying emissions
in Asia, the role of NOXwill become more and more important in the future.
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1. Introduction

Acid deposition is a serious problem throughout
causes are emissions of sulfur dioxide (S02) and

much of Asia. The primary
nitrogen oxides (NOJ to the

atmosphere from the combustion of fossil fuels. Emissions of S02 and NOX in
Asia are of concern because they are large and growing and because—unlike in
Europe and North America—there are few regulations in place to limit their
release. Though emissions of both species in Asia are large today, the concern
is that they will be much larger in the future—larger than in Europe and North
America combined (Streets et al., 1999). Results from the RAINS-ASIA model
(Downing et al., 1997) have suggested that under conditions of continued
economic development and industrial growth, with no change in environmental
policies beyond those that existed in 1990, annual emissions of S02 in Asia will
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increase from 34 Tg in 1990 to 110 Tg by the year 2020 (Foell et al., 1995).
Even with a strong emphasis on energy efficiency improvements and a shift
away from fossil fuels, 2020 S02 emissions in Asia would still be about 80 Tg
without abatement measures. The prognosis is even bleaker for NOX emissions,
with projections of an increase from 19 Tg in 1990 to 86 Tg by the year 2020
(van Aardenne et al., 1999).

In a recent paper (Streets et al., 2000), we presented a new method to
investigate trends in S02 emissions in Asia from 1985-1997. The emission
trends are obtained by extrapolating emissions from the detailed, base-year,
RAINS-ASIA inventory for 1990 (Arndt et al., 1997; Shrestha et al., 1996),
using energy and fuel-use trends from the IEA Energy Statistics and Balances
data base (IEA, 1997 and 1999), coupled with information on sulfur control
measures that have been introduced since 1990 in the countries of Asia.
Changes were determined in the two major parameters driving emission
estimates: amounts of fossil t%els and biofuels used, and the degree of emission
control (either in the form of reduced sulfur content of fuels or post-combustion
abatement through flue-gas desulfurization). Emissions are determined for
each sector/fuel combination, for each country, using the following equation:

where:

Ei,t = Ei,lgw [Pi,l /Pi,lW]

Eilgw is the fuelhector emissions value from the RAINS-ASIA
base-year inventory, and
P is an appropriate parameter from the IEA data series.

It is known that several countries in Asia took steps in the period 1990-
1997 to reduce the sulfur content of fuels, particularly oil products. These were
usually implemented by regulation. In addition, China’s use of high-sulfur coal
was reduced during this period. A survey was therefore conducted of changes
in sulfur contents of fuels and the year in which the change took effect. These
were then implemented within the framework of the RAINS-ASIA model to
yield adjusted emission estimates. These adjustments significantly reduced SOZ
emissions for China, Japan, the Republic of Korea, Taiwan and Thailand.

2. Results

Results of the emission trend calculations are summarized in Figure 1 for China
alone and for all of Asia. This figure shows trends from the RAINS-ASIA
model interpolated between 1990 and 2000 (dashed line), the emission trends
developed in this work (open circles), and other estimates of Asian SO,
emissions (various symbols). The trends obtained by interpolation of the
RAINS-ASIA values for 1990 and 2000 show Asian emissions growing from
33.7 Tg in 1990 to 46.4 Tg in 1997, an annual-average growth rate of 4.790.
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Figure 1. Trends in S02 emissions in Asia, 1985-1997.

When sulfur-in-fuel restrictions are taken into account, recent emission
trends are significantly lowered. Emissions are now estimated to have grown
from 33.7 Tg in 1990 to 39.2 Tg in 1997, an annual-average growth rate of only
2.2%. Much of the reduction is due to trends in China in recent years. Chinese
emissions grew slower than expected, and emissions in 1997 were actually less
by some 1.2 Tg than in 1996. This can be ascribed to the combination of a
slow-down in the Chinese economy, improved efficiency of energy use, a
marked reduction in industrial coal use, and a rising awareness of the dangers
of air pollution —as manifested in the mining of higher-quality coals and the
closing of some high-sulfur coal mines. This trend is consistent with the most
recent estimates made by SEPA (1998), which show a decline in emissions
between 1995 and 1998 (see Figure 1). Whether this arrest of the increase in
China’s S02 emissions will persist beyond 1998 will depend on the outcome of
competition between renewed economic growth, rationalization of China’s
coal-use policy, and implementation of the “Two-Control-Zone” acid-rain
policy. Recently, new finds of natural gas in China have led to substitution of
gas for oil and coal in domestic, industrial, and power applications, which will
also contribute to a lowering of S02 emissions in the future. Figure 1 shows
clearly that S02 emissions in Asia are no longer inextricably linked to energy
consumption (the RAINS-ASIA pathway), which is a positive development for
acid deposition in the future.
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Figure 2. Trends in NOXemissions in Asia, 1985-1997.

We have now extended the methodology to estimate NO. emissions,
using the same technique to extrapolate emissions by sector and fuel type from
the RAINS-ASIA base year of 1990 to other years, using IEA energy data. In
this case, we developed our own matrices of emission factors by fuel type and
sector. Following the approach of Olivier et al. (1996), we developed different
sets of emission factors for four regions: the Indian sub-continent, East Asia,
the China region, and Japan. The emission factors themselves were selected
judiciously from several sources (Olivier et al., 1996; HASA, 1999; and van
Aardenne et al., 1999) to best reflect the range of technologies in place in the
region. These emission rates were reflective of NOX emission controls already
in place on large stationary sources in Japan and the lower NOX emission rates
from vehicles in the developed countries of Asia. Figure 2 shows that NO,
emissions in Asia continue to rise in step with energy growth, though a slight
deceleration appears to have taken place between 1996 and 1997 due to the
reduction in coal use in China. Overall, we find that NOX emissions grew from
18.7 Tg in 1990 to 28.5 Tg in 1997, an annual-average growth rate of 6.2%.
The increase in coal and oil use for power and industrial development is
compounded by rapid growth in vehicular transport systems to yield a growth
in NO. that is larger than would be expected in S02 emissions, even if sulfur-
in-fuel controls had not been instituted. Penetration of NOX abatement systems
outside of Japan has been almost non-existent.
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TABLE I

Estimates of national SOt and NOXemissions (Gg/yr) for 1990, 1995, and 1997

S02 NO,

Country 1990 1995 1997 1990 1995 1997

Bangladesh 99.7 139.4 144.7 102.7 139.8 144.7

Bhutan

Brunei

Cambodia

P.R. China

Hong Kong, China

India

Indonesia

Japan

Korea, D.P.R. of

Korea, Rep. of

Lao P.D.R.

Malaysia

Mongolia

Myanmar

Nepal

Pakistan

Philippines

Singapore

Sri Lanka

Taiwan

Thailand

Vietnam

Total Asia

1.4

6.1

23.0

22225.3

152.4

4437.2

561.8

833.1

353.3

1706.4

3.4

255.8

80.9

19.2

16.8

664.9

411.8

190.8

26.0

504.6

964.2

113.0

33670.9

1.6

9.1

25.7

25697.7

154.6

5609.5

683.5

782.9

256.8

1219.0

4.6

266.8

74.6

20.8

35.8

908.2

475.6

230.3

38.0

454.1

1249.4

133.0

38471.0

1.7

8.8

26.0

24970.5

140.0

6276.6

990.5

749.8

251.5

1280.3

5.6

312.3

82.1

21.3

33.2

1011.4

660.2

208.4

61.4

348.1

1322.4

273.0

39179.5

2.0

16.5

31.8

7633.3

216.8

3235.5

794.0

2817.6

502.7

929.9

4.2

310.2

38.9

45.6

25.9

344.2

228.9

112.6

47.2

530.8

545.7

133.7

18650.4

2.4

23.7

35.8

10919.9

272.1

4500.4

1117.7

3202.0

349.4

1631.3

6.4

450.1

33.6

55.4

37.5

466.0

298.6

144.5

64.3

780.7

909.5

187.0

25627.8

2.6

23.6

36.2

12230.2

307.0

4924.4

1310.0

3270.2

335.5

1820.7

8.2

544.6

36.8

71.3

37.4

501.3

268.9

138.6

69.5

882.7

1020.0

517.1

28501.4

Table I summarizes national-level emissions for Asian countries for
1990, 1995, and 1997. It is apparent that the restraint on emissions growth has
been particularly strong in East Asia (especially China), though this region still
contributes the majority of total Asian emissions. Growth in emissions in
Southeast Asia has been rapid, despite some restraints imposed in Thailand. Of
particular concern are the large increases in the use of heavy fuel oil and coal in
such countries as Indonesia, Vietnam, and the Philippines in the period 1995-
1997, according to IEA energy statistics. The effects of the economic recession
in Southeast Asia in 1997-1998 should become apparent in fiture inventory
updates. In the Indian subcontinent it appears that there have been very few
attempts to limit releases to the atmosphere—possibly because of the absence
of a clear acid-rain problem-resulting in a steady increase in emissions.
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3. Conclusions

It is apparent from this work that S02 emissions in Asia are not growing as fast
as was thought likely in the early 1990s. Emissions in 1997 (39.2 Tg) are some
7.2 Tg, or 16%, less than was anticipated in the early to mid- 1990s (46.4 Tg).
This has major implications for S02 emissions beyond the year 2000 (see
Grubler, 1998). The implementation of China’s “Two-Control-Zone” policy,
the de-emphasis of coal use, and the spread of environmental awareness from
East Asia to Southeast Asia and ultimately the Indian subcontinent all suggest
that the vision of rapid and sustained growth of S02 emissions in Asia is a thing
of the past. Projections of a doubling or tripling of Asia’s S02 emissions by the
year 2020 must now be regarded as outdated. Examination of Figure 1 with art
eye to the future suggests that annual Asian SOZ emissions could well peak at
something in the region of 40-45 Tg by the year 2020 or before, in contrast to
some of the more dire predictions (80-110 Tg) mentioned earlier, On the other
hand, NOX emissions continue to grow in step with fossil-fuel use, and unless
measures are introduced to improve the efficiency of fuel combustion or
introduce NOX abatement measures for stationary sources and vehicles, the
outlook is not encouraging for acid deposition in Asia.
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