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1. Introduction

China achieved high economic growth by expanding its GDP by 8.8 times during the 24 years up to 2004. On the
other hand, however, it came to face various problems including increased net energy import dependence, domestic environmental
pollution and ecological destruction, cross-border pollution, and a rapid increase in CO, emissions. The Chinese government plans
to quadruple the 2000 GDP by 2020, but this plan involves a risk of further exacerbating these problems.

Meanwhile, the international community has indicated the following concems regarding China’s energy problems.
Firstly, as seen in the electric power supply shortage that has been surfacing since 2003, a lack of energy supply could slowdown
the growth of China’s domestic economy—which is positioned as a driving force of the world economy—and could have an
adverse impact on the world economy as a result. Secondly, the rapid increase in oil import and a decline in coal export could
tighten the supply-and-demand balance of the international energy markets and trigger a fierce competition for resources. Lastly,
the rapid increase in fossil energy consumption centering on coal could further worsen air pollution, acid rain pollution, and global
warming, and deteriorate the basis for sustainable development not only in China, but throughout the whole of Northeast Asia or
even the whole world. Therefore, the current challenge for the interational community is considered to be to identify the energy
and environmental issues facing China and address these problems.

This paper provides simulation analyses of the Chinese economy, energy, and environment up to 2030 by using
econometric models in order to identify problems and examine countermeasures. It also provides a detailed examination of the
progress of motorization (the increase in the car ownership), which is the major factor behind the growth in China’s oil
demand—a development that is currently drawing much attention in the international oil markets—as well as China’s automobile
strategy. In addition, the paper studies the medium to long-term outlook for nuclear power generation in China, which is expected
to become the largest market of the 21st century. Lastly, it attempts to analyze an ideal comprehensive energy strategy for China

and the possibility of international cooperation under the framework of a “Northeast Asian Energy Community.”

2. Energy security problems and environmental problems
2-1 Downslide to the status of a major net energy importer

China entered a high economic growth phase around the end of the 1970s, and compared to the 1980 level, its real
GDP expanded by 8.8 times in 2004 with the average annual economic growth rate reaching 9.5% (see Figure 2-1). In contrast,
the growth of energy demand was far slower than the GDP growth due to the penetration of energy conservation, but still, the
amount of demand was 3.7 times the 1980 level and the average annual growth rate was 5.7%. Considering that the world’s total
energy demand only increased by 1.4 times from 1980 to 2001 with the average annual growth rate of 1.6%, the energy demand
growth in China is extremely high. Consequently, as Table 2-1 shows, China has become the world’s second largest energy
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consumer following the United States, commanding a 10.2% share of the world’s energy consumption, and the third largest
energy producer following the United States and Russia, commanding a 10.1% share of the world’s energy production as of 2002.
In this way, China has grown into a major consuming nation. On the other hand, due to its large population, China’s per-capita
annual energy consumption was only about 0.73 toe (ton of oil equivalent) in 2001, which corresponds to 18% of Japan’s 4.1 toe
and 9% of the United States’ 8.0 toe.

Looking at the supply and demand balance, China has achieved 100% self-sufficiency in oil since the mid-1960s, and
attained the highest-ever net oil export of 36 million toe in 1985. After that, the net export rapidly declined due to stagnation of
production and a surge in demand, and China finally slid down to a net importer in 1993 (see Figure 2-2). Eleven years later, in
2004, the net oil import sharply rose to 150 million toe, and China became the world’s third largest importer following the United
States and Japan. Triggered by the rapid increase in oil import pertaining to oil demand growth, China’s history as a net energy
exporter, which lasted for more than 30 years, finally came to an end in 1997, and energy security problems suddenly began to
surface.

Figure 2-1 Transition in China’s economic growth and energy supply and demand (1971-2004)

Index (1980=100)
1000

883
900

Average annual growth and energy/GDP elasticity for 1980-2004

Real GDP 9.5% Real GDP index
800

Primary energy production 5.2%

Primary energy consumption 5.7%

700

Energy/GDP elasticity of primary energy consumption  0.60
600

500

Primary energy consumption index
400
374

300

200

Primary energy production index
100

0

2004

S = a o
S o o o
T T = B = = ) = S SO S SO S = S SO = O = N = S = O = S < S = < S

Source: Created by Zhidong Li based on “China Statistical Yearbook,” “Statistics Communiqué on National Economic and Social Development in 2004,” and other
materials.



Table 2-1 Characteristics of the world’s top five energy consumers (2002)

Ranking | Country Primary enftrgy Primary epergy Self— Characteristics of energy
consumption production sufficiency supply and demand
(Mtoe) (%) (Mtoe) (%) (%)
@ United 2290|247 Le67| 178 78 Ma'Jor supPher/consumer;
States major net importer
@ China o011 109 1,003 10.7 99,o|Major supplier/consumer; net
1mporter
® Russia 611 6.6 1,028 11.0 168.2|Major supplier/consumer;
major net exporter
@ Japan s11 56 odl 10 19.0 Ma] or consumer; major net
importer
® Germany 346 3.7 135 1.4 389 Major consumer; major net
importer
Whole 9,291/ 100.0 9,365| 100.0) 100.8
world

N.B.: 1. Excluding “combustible and renewable energy.”
2. Self-sufficiency = domestic production/domestic consumption
Source: IEA Statistics 2004.

Figure 2-2: Transition in China’s oil supply and demand balance

350
326
@ China became the world’s second largest oil consumer overtaking Japan with consumption of 276 million tons in 2003.
@In 2004, China’s oil consumption was 326 million tons, oil production was 175 million tons, and net oil import was 151 million tons.
300
250
Apparent
0il demand net export
200
° 175
S
§ M
150
Crude oil production
100
Apparent net export
50
0 P TR R S S T TR SR R L P PRI P P
— o vy o~ [=2) — o vy [on N — [sg] vy [l (=) — o
o~ [l Iy [l o 0 o 0 o 0 D =N =N =N D (= f=3
f=) (=)} [=)} (=)} [=)} N f=) (=)} N (=)} f=) (=)} =)} (=)} (=) (= [=3
- = = = - = - - - - - = - = = Q Q

Source: Data from IEA, “Energy Balances of Non-OECD Countries, 1971-20007; various volumes of China OGP; and other materials.

In addition, the low energy utilization efficiency is also considered to be a major demand-related structural factor that
has caused China to shift to a net energy importer (Figure 2-2). Although the results differ greatly depending on the index used,
when exchange rate-converted GDP is used, China’s energy utilization efficiency (GDP output per unit energy consumption) is
only 13% of that of Japan. This is apparently an underestimation. When combining the evaluation using purchasing power parity
(PPP)-converted GDP and the evaluation based on physical quantities, China’s utilization efficiency corresponds to 60 to 80% of
the developed countries’ level. In short, China’s utilization efficiency is considered to be 20 to 40% lower than that of developed

countries in reality.




Table 2-2 International comparison of energy utilization efficiency

Quantitative index per unit energy consumption China/advanced countries

China Developed countries Unit consumption ratio Efficiency ratio
Energy consumption per unit GDP (toe/thousand PPP dollars) 0.185 (2000) [ 0.153 (Japan, 2000) 120.9% 82.7%
I (toc/thousand 0.859 (2000) | 0.107 (Japan. 2000) 801.2% 12.5%
Thermal efficiency at generating end (gce/kWh)(1) 363 (2000) [ 302 (Japan,2000) 120.0% 83.3%
Unit energy consumption of steel products (kgce/t) (2) 766 (2000) | 646 (Japan. 2000) 118.6% 84.3%
Unit energy consumption of cement (kgce/t) (3) 181.3  (1997) | 125.7 (Japan, 2000) 144.2% 69.3%
Unit energy consumption of plate glass (kgce/box) 257 (1997) | 141 (1997) 182.3% 54.9%
Unit energy consumption of ammonia (kgce/t) (4) 1200 (2000) | 970 (United States, 2000) 123.7% 80.8%
Unit energy consumption of ethylene (kgce/t) 1210 (1997) | 870 (1997) 139.1% 71.9%
Unit energy consumption of oil refining (kgce/t) 31.3 (1997) | 27.8 (1997) 112.6% 88.8%
Unit energy consumption of paper and pulp (kgce/t) 1.57 (1997) | 0.70 (1997) 224.3% 44.6%
Fuel consumption of gasoline-powered freight cars (liter/100 km) 7.55 (1997) | 3.40 (1997) 222.1% 45.0%
Unit energy consumption of home heating (gce/m2 per year) 253 (2000) | 13.51 (2000, Northern Europe) 187.3% 53.4%
NB.

(1) China: thermal power of 6 MW or more; Japan: steam power of nine electric power companies

(2) China: medium-sized and large companies; Japan: whole industry

(3) China: medium-sized and large companies; Japan: whole industry

(4) Large companies using natural gas as raw material

Source: Created by Zhidong Li based on “HF[EREJF T4 “Handbook of Energy & Economic Statistics in Japan™; #SJREZH#4E 2002, No. 1; and other materials.

2-2 Worsening of environmental problems

With regard to environmental problems, according to the “Report on the State of the Environment in China” released
by the State Environmental Protection Administration of China, pollution problems and ecological destruction continued until
1996, worsening every year. However, improvement was observed in some areas in 1997, and the deterioration trend of
environmental pollution came to a halt in 1999. Nevertheless, the situation of ecological destruction is still severe. As for
atmospheric environment, China is the world’s largest pollutant emitter with SO, emission of 21.59 million tons as of 2003. Of the
urban population, 64% or more than 200 million people are exposed to some form of air pollution. Acid rain pollutes more than
30% of Chinese territories and also reaches as far as the Korean Peninsula and Japan. As for the water environment, the discharge
of wastewater amounts to as much as 46 billion tons yearly, polluting 90% of urban waters. Sixty-two percent of rivers are also
polluted, endangering the reproduction of fish and shellfish. As demonstrated by the disintegration of streams in the Yellow River
(Huanghe), water shortages have become serious, particularly in the northem region; more than 400 cities out of 668 experience
insufficient water supply, and the water shortage amounts to 6 billion tons a year. With rural areas combined, the water shortage
amounts to as much as 21.8 billion tons nationwide. While sandstorms have caused damage to Japan, desertification poses a
serious problem as well. Indeed 1.75 million kmz, accounting for 18% of China’s total land area, has already tumed into deserts,
and the areas of desertification are still expanding at the fast rate of 3,436 km” a year. In addition, arable lands are decreasing by
300 to 600 thousand hectares yearly and deterioration of soil is advancing. Natural grasslands are also disappearing by 650 to 700
thousand hectares a year, with 90% deteriorating in quality. Worse, over the last 20 years, CO, emissions grew by 2.1 times, which
caused China’s share in the world total emissions to rise from 8.2% to 13.7%. Environmental problems originating in China have

thus already reached a state of crisis.




3. China’s long-term energy supply and demand outlook up to 2030
3-1 Future prospects for the Chinese economy and society

The most important factors that influence the future energy supply and demand are the macroeconomic trend and
energy policy. By deeming 1979 to be the start of China’s high economic growth, China has already maintained high growth for
more than 20 years. Forecasts of its future economic growth are mostly optimistic as well (Table 3-1). The Chinese government
plans to quadruple the present economic scale by 2020, in which case the average annual growth will be more than 7.2%.

Table 3-1 Comprehensive comparison on medium to long-term outlook for China’s economic growth

Actual Medium to long-term plan/outlook

1980-2000 2000-2010 2010-2020 2020-2030 2030-2050
Overall?? 9.7 5.1-7.0-8.9 4.0-6.0-8.0 3.9-5.1-6.3 3.2-3.4-4.8
Research Task Force on China’s Energy Strategy (Nov. 1996) 8.0-8.2-8.6 5.9-6.0-6.4 4.4-4.6-4.8 3.2-3.4-3.6
Chinese Academy of Engineering (May 1997) 8.0-8.3 5.9-6.1 3.3-35
China Energy Research Institute (Feb. 1999; p. 289) 7.3 6.6 6.3
China Energy Research Institute (2000) 7.2 6.2
Development Research Center of the State Council (Nov. 2003) 7.2 7.2
State Information Center (Dec. 2003) 7.5 7.3 5.5 5.0—4.5
Government plan (Mar. 2003) Quadrupling the 2000 GDP by 2020 7.2 7.2
TEA(1998) 5.8 45
1IEA(2002) 5.7 4.7 3.9
TIEA(2004) (2002-10)6.4 (2010-30) 4.4
EIA/DOE/USA(2001) (1997-2010)— 5.1-7.4-8.9 4.0-6.5-8.0
EIA/DOE/USA(2003) 4.5-7.0-8.0 3.5-6.0-7.0 2.8-5.3-6.3 «—(2020-25)
This study 6.2-7.8-9.0 5.0-6.6-7.7 4.0-5.5-6.5

Sources:

Research Task Force on China’s Energy Strategy: Research Task Force on China’s Energy Strategy, *“HEREIFAEHSH(2000-2005 4F),” China Electric Power Press,
November 1996.

China Energy Research Institute (Feb. 1999): JEJFVEE and JEIHIE: ed., “HHEHREHRERESR.

China Energy Research Institute (2000): China Energy Research Institute, “ FARAH A i 2>

Chinese Academy of Engineering (May 1997): Chinese Academy of Engineering, -] FIRHE S A E M EHE A AR, May 1997.

Development. Research Center (DRC) of the State Council: Development. Research Center of the State Council HEPSEE=ERE (R, JERE, THE—) | EERaRk
IEHELASRAL” November 17, 2003.

State Information Center: %55, “HHIEREF R RAIRIE 5L December 7, 2003,
TEA: IEA, “World Energy Outlook” 1998, 2002.

EIA/DOE/USA: EIA/DOE/USA, “International Energy Outlook,” 2001, 2003.

This study: Result of a 3E-model simulation analysis on China.

The government’s macroeconomic management capacity and future structural factors of the Chinese society are
important points in making a long-term forecast of China’s society and economy.

With regard to the Chinese government’s macroeconomic management capacity, economic growth can be maintained
if the government can resolve problems with price stability, unemployment, bad debt, state-owned company reform, and trade
conflict through appropriate fiscal policy, monetary policy, exchange control policy, and government control. However, if the
government cannot resolve these problems, the economic growth may slow down. However, the Chinese government has
dramatically improved its macroeconomic management capacity by overcoming the two-digit inflation in the first half of the
1990s, circumventing the influence of the Asian monetary crisis in 1997, and after that, overcoming the deflation, resolutely
implementing reform of state-owned companies, and disposing bad debts, as well as carrying out the Western Development and
redevelopment of the northeast region from 2000 onward. In addition, it boldly implemented reform of the state administrative
structure in 2003 toward the economic development goal of quadrupling the 2000 GDP by 2020. By comprehensively



considering these points, it is very likely that the Chinese government’s management capacity will further improve in the medium
to long-term. The govemment’s macroeconomic management capacity is reflected in this analysis by using government

consumption and government investment as policy variables.

Figure 3-1 Income gap between urban residents and rural residents in China
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The structural factors of Chinese society that affect the future social and economic outlook the most are the income gap
between the coastal areas and inland areas, the income gap between urban areas and rural areas, and the income gap between the
employed and the unemployed. However, unless the income gaps between the two compared groups do not suddenly widen, they
are not likely to lead to social uncertainties. Rather, widening of the income gaps pertaining to the rising income level should be
construed as a necessary evil in the initial phase of economic development. As shown in Figure 3-1, the income gaps between
specific groups indeed widened in China over the past 20 some years (FIAf&, 2552 and Z=EE), 2000, BURS and JEZEE,
2001). Accordingto [ and J& (2001), the Gini’s coefficient, which indicates the degree of inequality, increased from 0.35 in
1998 to 0.40 in 1997 among all citizens, from 0.23 to 0.31 among urban residents, and from 0.30 to 0.33 among rural residents,
and illegal conducts such as tax evasion and bureaucratic corruption had the effect of widening the income gaps. Nevertheless, this
development did not induce social uncertainties because the income levels of the respective groups also increased around the same
time. The Chinese government and the Central Committee of the Communist Party also consider the income gaps to be an
important issue, and takes various concrete measures to eliminate the gaps, such as reducing or exempting financial burdens
imposed on rural residents, liberalizing population movement, promoting the Western Development and redevelopment of the
northeast region, reforming the social security systems including unemployment insurance, and supporting reemployment through
vocational training systems. This analysis premises that the income level will rise and the income gaps will not widen. As
compared to the analysis result, a dramatic narrowing of the income gaps could bring about high growth, and a widening of the

income gaps could bring about low growth.

The following outlook for China’s economy and society has been derived as a result of our study based on the
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economy, energy, and environment model (3Es-model).

(1) The population is expected to increase from the 2003 level, which is a little less than 1.3 billion, until the first half of the 2030s,
and start declining after peaking at 1.55 to 1.6 billion. The increase rate will gradually decrease from 1.1% in the 1990s and turn to
negative in around 2040. Aging and urbanization of the population will proceed as a trend.

(i) The economic growth until 2030 is 6.6% for the reference scenario, 7.7% for the high-growth case, and 5.0% for the
low-growth case. The probabilities of the respective cases are 60% for the reference scenario and 30% for the high growth case,
but the probability is about 10% for the low-growth case. In short, it is most likely that an economic growth of about 7% will

continue for the next 30 years.

(iif) The driving force that will support high growth is improvement in the total factor productivity attributable to technological
progress, and its contribution rate will increase from the conventional rate of a little less than 50% to more than 60%. As
represented by the fact that the overall level of the Chinese automobile industry is said to be 20 to 30 years behind the level of
developed countries, it is common knowledge that China’s current technological level is low. However, this has a positive effect

on economic growth, because there is high potential for introducing new technology.

(iv) In terms of industrial structure, the weight of the primary industry will decrease, that of the tertiary industry will increase, and
that of the secondary industry will remain more or less at the present level. While plans to expand facilities for material products
such as iron, steel, and cement were announced one after another in China until March 2004, this is regarded as a “bubble”
situation. The appropriate production scale for iron, steel, and cement is expected to increase to twice the 2000 level and that for

ethylene to five times the 2000 level in the long term.

(v) Due to continued high economic growth and maintained population policy, per-capita income level in purchasing power parity
is expected to increase from 5,800 dollars (1.8 yuan/PPP dollars) in 2004 to 15,000 dollars (4.0 yuan/PPP dollars) in 2030.
Automobiles will come into wider use due to increased income, and car ownership will increase from 27.42 million cars in 2004
to 120 million cars by 2020, and further to more than 240 million cars by 2030. The automobile diffusion rate will rise from 2.1%
to 16.1% in 2030. There is also a view that the diffusion rate will exceed 40% and car ownership will reach a level of 600 million
cars by 2050 (J&/J&, 1999). At the same time, car production is expected to expand rapidly from more than 5.07 million cars in
2004 to more than 7.6 million cars in 2010, more than 16 million cars in 2020, and to more than 32 million cars in 2030. This
figure indeed corresponds to half the present car production in the world. The spread of cars will be achieved by a surge in the

income level, and a rapid expansion in production will serve as a powerful driving force for high economic growth.

3-2 Future energy and environmental situation
3-2-1 Reference scenario

‘What kinds of problems would occur in energy supply and demand and the environment, and what kinds of measures
would be required if the aforementioned economic growth is maintained until 20307 A simulation analysis was conducted by

assuming various cases, mainly reference scenario.



Table 3-2 Concept and major preconditions of reference scenario

Concept: The conventional variation trends and the basic measures that are being planned by the government are generally maintained.

Major preconditions: (2000—2030)

Improvement in thermal efficiency: coal 33%—43%; gas 35%—49%
Improvement in fuel efficiency of automobiles: 8.2—6.6 liter/100 ton-km
Nuclear power: 2.1 million—>50 million kW
Hydraulic power: 79.35 million—254.44 million kW; 66% of the exploitable 380 million kW
operating hours of hydraulic plants: 2,803 h/year—3,000 h/year; potential operating hours: about 5,000 h/year.
New energy generation: 54.2 million kW (wind power: 20 million kW; solar power: 17.5 million kW; biomass energy: 15 million kW) in 2030
Heat supply using new energy sources: 3 million—2828 milliontoe ~ Gas-fired power: 1.37 million—97 million kW
Qil-alternative energy: 25 million toe

The calculation of the reference scenario is based on a premise that the conventional trends and the basic measures
currently planned by the Chinese government will be generally maintained (See Table 3-2). In other words, it assumes that the
energy utilization efficiency will increase by 2.5% annually for the next 30 years, introduction of renewable energy will make
progress, self-sufficiency in coal will be maintained, crude oil production will start to decrease after peaking in 2020, and natural
gas production will increase. As for nuclear power, the installed capacity is expected to expand from the current 6.7 million kW
with nine reactors to 30 million kW with 32 reactors in 2020, and 50 million kW with 52 reactors in 2030 backed by factors
including the near achievement of domestic production, serious lack of electric power, reinforcement of environmental protection,
and maintenance of the nuclear status after the end of the Cold War, though problems such as deterioration of the environment for
introduction pertaining to electric power deregulation, safety issue, and the issue of processing spent nuclear fuel and waste have

been pointed out.

3-2-2 Outlook for primary energy consumption

The primary energy demand will triple from the present level to 3 billion toe in 2030 (see Table 3-3). The amount
exceeds the combined consumption in Japan and the United States in 2000 (2.83 billion toe). This result almost coincides with the
study results on the trend up to 2020, which was released by the DRC of the State Council of China in November 2003. On the
other hand, according to IEA’s outlook released in 2004, the primary energy demand will become 2.3 billion toe in 2030, which is
almost 0.7 billion toe less than our study result. Both IEA’s outlook and our study estimated the energy/GDP elasticity to be about
0.6, but IEA assumed the average annual economic growth rate up to 2030 to be 5.2%, which was 1.4 points lower than our
estimation of 6.6%. This indicates that the difference in the energy demand outlook is attributable to the difference in the prospect
of the economic growth rate.

The energy/GDP elasticity will increase from 0.42 for the 1980-2000 period to 0.54 for the 2000-2010 period, 0.59 for
the 2010-2020 period, and to 0.67 for the 2020-2030 period, rising to a thirty-year average of 0.61. Supposing that the
energy-saving potential will gradually decrease due to the “late-comer interest” and the shift to the market-oriented economy, the
elasticity will inevitably increase after that. Meanwhile, the energy/GDP elasticity in Japan, which boasts the lowest unit GDP
(high energy utilization efficiency), was 1.15 for the 1965-1973 period, 0.29 for the 1973-1979 period, 0.10 for the 1979-1986
period, 0.86 for the 1986-1991 period, and 0.95 for the 19912001 period. Throughout the 36 years from 1965 to 2001, the
elasticity has been 0.842 (“Handbook of Energy & Economic Statistics in Japan 2003”). China’s energy/GDP elasticity of 0.61 for
the 30 years up to 2030 is not at all high even compared to that in Japan, but rather it can be considered to be a daring estimation.

On the other hand, per capita energy consumption in China will increase by about 2.7 times from 0.73 toe in 2000 to
2.0 toe in 2030. As of 2000, per capita consumption was 4.1 toe in Japan, 8.2 toe in the United States, and 4.7 toe in the OECD

average. Thus, China’s consumption level will stay at about half of Japan’s present level, about one quarter of the U.S. level, and
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about 40% of the average OECD even in 2030. This suggests the possibility that China’s energy consumption will increase even

more.

Table 3-3 Outlook for China’s primary energy consumption (reference scenario)

2000/ 2010/ 2020/ 2030/ | 2030/
1980 2000 2010 2020 2030) 1980 2000 2010 2020] 2000
Primary energy consumption Ktoe 412,890 929,329 1,405,717 2,062,751 2,973,983 4.1 42 39 3.7 4.0
Real GDP billion yuan; 1995 value 13,663 87,024 183,726 349,397 594,507 9.7 7.8 6.6 55 6.6
Population thousand persons 98,705 127,000 135,539 144,182 148,556 13 0.7 0.6 0.3 0.5
Primary energy consumption per unit GDP toe/thousand yuan; 1995 value 3.02 1.07 0.77 0.59 0.50 -5.1 -3.3 -2.6 -1.6] 2.5
0.42 0.54 0.59 0.67) 0.61
Per capita energy consumption toe/person 0.42 0.73 1.04 1.43 2.00 2.8 35 33 34| 34
Reference data: IEA (2004)
Primary energy consumption Ktoe 412,890 929,329 1,395,000 1,836,000 2,303,000 4.1 4.1 2.8 2.3 3.1
Real GDP* 6.7 4.9 40 52
Energy/GDP elasticity of energy consumption 0.42 0.60 0.58 0.58 0.59
Reference data: DRC (2003) (For all cases, the growth rate for the 2000-2020 period is 7.2%.) (2020/2000)
Standard: Primary energy consumption Ktoe 910,400 1,510,700 2,342,700 4.8
Energy/GDP elasticity 0.67
Policy adjustment: Primary energy consumption Ktoe 910,400 1,462,300 2,078,700 4.2
Energy/GDP elasticity 0.59
Policy enhancement: Primary energy consumption Ktoe 910,400 1,324,000 1,786,300 3.4
Energy/GDP elasticity 0.48

Sources:

IEA (2004): “World Energy Outlook 2004 DRC (2003): Atticle by #5, &, and T in FPIEPRS R &R
Notes: The values based on the DRC (2003) are different from the original since the IEA standard was applied in converting electric power into primary energy.

InIEA (2004), GDP growth is presumed to be 6.4% for the 2002-2010 period, 4.4% for the 2010-2030 period, and 5% for the 2002-2030 period.

3-2-3 Outlook for primary energy consumption (by energy source)

China’s energy demand will start to move away from coal (see Table 34). However, coal will remain to play the

central role in energy demand, and the coal demand will continue to increase. Looking at primary energy demand by energy
source, the proportion of coal will decrease from 70.5% in 2000 to 51.4% in 2030. On the other hand, coal will increase its

proportion from 23.8% to 31.8%, natural gas from 3.0% to 9.2%, nuclear power from 0.5% to 3.3%, and renewable energy for

power generation and heat supply from 0% to 2.1%. The main sources that will take the place of coal will be natural gas, oil, and

nuclear power. The demand for renewable energy such as wind power and solar power will dramatically increase in quantity, but

it will not become a major alternative for coal because the scale of introduction itself'is small.

Table 34 Qutlook for China’s primary energy consumption structure (reference scenario)

2000/ 2010/ 2020/ 2030/ 2030/
1980 2000 2010 2020 2030 1980 2000 2010 2020 2000
Total primary energy consumption Ktoe 412,890 929,329 1,405,717 2,062,751 2,973,983 4.1 4.2 3.9 3.7 4.0
Fossil energy Ktoe 407,572 905,237 1,323,286 1,912,229 2,748,444 4.1 39 3.8 3.7 3.8
Coal Ktoe 306,565 655,605 878,342 1,158,333 1,528,571 39 3.0 2.8 2.8 2.9
Oil Ktoe 89,047 221,503 365,924 592,056 945,464 4.7 5.1 4.9 4.8 5.0
Natural gas Ktoe 11,960 28,129 79,020 161,839 274,409 4.4 10.9 7.4 5.4 7.9
Nuclear power Ktoe 0 4,362 30,533 61,205 97,728 0.0 21.5 7.2 4.8 109
Hydraulic power Ktoe 5,006 19,128 36,925 53,654 65,645 6.9 6.8 3.8 2.0 4.2
New energy Ktoe 312 4,181 15,691 36,381 62,884 13.9 14.1 8.8 5.6 9.5
(Structure)
Total primary energy consumption % 100 100 100 100 100
Fossil energy % 98.7 97.4 94.1 92.7 92.4
Coal % 74.2 70.5 62.5 56.2 51.4
Oil % 21.6 23.8 26 28.7 31.8
Natural gas % 2.9 3 5.6 7.8 9.2
Nuclear power % 0 0.5 22 3 33
Hydraulic power % 1.2 2.1 2.6 2.6 22
New energy % 0.1 0.4 1.1 1.8 2.1




3-2-4 Outlook for energy supply-and-demand balance

Taking a look at future supply-and-demand balance by energy source, the export capacity for coal will gradually
decline in the long-term, but since there is a potential annual production capacity of 2.5 to 3 billion tons, China is likely to be able
to maintain self-sufficiency in coal. However, there are piles of unpredictable issues, such as: the issue of coal mine construction
and ensuring of safety; protection of water resources in the northern region, which is already facing serious water shortage due to
having only 20% of China’s water resources while having 90% of coal resources, 60% of arable land, and 40% of population;
improvement of transportation infrastructure from major points of demand to the southeastern coastal area; and diffusion of clean

energy technology.

Table 3-5 Outlook for China’s energy supply and demand balance (reference scenario)

2000/ 2010/ 2020/ 2030/
1980 2000 2010 2020 2030 1980 2000 2010 2020
Primary fossil energy consumption Ktoe 407,572 905,237 1,323,286 1,912,229 2,748,444 4.1 3.9 3.8 3.7
Coal Ktoe 306,565 655,605 878,342 1,158,333 1,528,571 3.9 3.0 2.8 2.8
Oil Ktoe 89,047 221,503 365,924 592,056 945,464 4.7 5.1 4.9 4.8
Natural gas Ktoe 11,960 28,129 79,020 161,839 274,409 4.4 10.9 7.4 5.4
Primary fossil energy production Ktoe 423,687 869,718 1,183,005 1,488,253 1,863,383 3.7 3.1 2.3 23
Coal Ktoe 303,874 678,417 922,650 1,158,333 1,528,571 4.1 3.1 23 2.8
Oil Ktoe 107,853 163,172 176,279 190,000 176,279 2.1 0.8 0.8 -0.7
Total oil-alternative energy production Ktoe 0 0 8,000 16,000 25,000 0.0 0.0 7.2 4.6
Natural gas Ktoe 11,960 28,129 76,076 123,919 133,533 4.4 10.5 5.0 0.8
Fossil energy net import Ktoe -19,736 30,377 140,281 423,976 885,061 0.0 16.5 11.7 7.6
Coal Ktoe -2,298 -44,308 -44,308 0 0 15.9 0.0 0.0 0.0
Oil Ktoe -17,438 74,685 181,644 386,057 744,185 0.0 9.3 7.8 6.8
Natural gas Ktoe 0 0 2,945 37,919 140,876 0.0 0.0 29.1 14.0
Dependence on fossil energy net import % -4.8 3.4 10.6 222 322 0.0 12.2 7.7 3.8
Coal % -0.7 -6.8 -5.0 0.0 0.0 11.6 2.9 0.0 0.0
Oil % -19.6 33.7 49.6 65.2 78.7 0.0 3.9 2.8 1.9
Natural gas % 0.0 0.0 3.7 234 51.3 0.0 0.0 20.2 8.2
Total export billion US$ 230 2,796 5,587 13,252 30,259 13.3 7.2 9.0 8.6
Total import billion US$ 238 2,507 5,435 13,170 28,572 12.5 8.0 9.3 8.1
Total payment for energy import billion US$ 44 -133 -371 -1,232 -3,172 0.0 10.8 12.7 9.9
Energy import/total export % 19.3 -4.7 -6.6 9.3 -10.5 0.0 34 3.4 1.2
Energy import/total import % 18.6 -5.3 -6.8 9.4 -11.1 0.0 2.6 3.2 1.7
Amount received for coal export billion US$ 2 24 34 0 0 13.2 34 0.0 0.0
Total payment for oil import billion US$ 42 -157 -399 -1,132 -2,727 0.0 9.8 11.0 9.2
Total payment for natural gas import billion US$ 0 0 -6 -100 -445 0.0 0.0 32.0 16.1
Coal import price (Japan; CIF) US$/toe 90 54 71 100 124 2.5 3.6 2.6 2.1
Oil import price (Japan; CIF) US$/barrel 33 28 30 40 50 -0.8 0.5 2.9 2.3
Natural gas import price (Japan; CIF) USS$/toe 222 193 211 263 316 -0.7 0.9 2.2 1.8

Note: The amount of production and the prices are preconditions (exogenous variables).

Meanwhile, with regard to oil and natural gas, the demand will expand, but the production will be limited due to
resource constraints and other factors. Therefore, the net import of oil will increase from 390 million tons in 2020 to 740 million
tons in 2030, and China will shift from the self-sufficient status to a net importer status for natural gas with net import increasing
from 42.1 billion m” in 2020 to 15.64 m” in 2030. Japan’s oil import and natural gas import (in LNG form) in 2002 were 260
million tons and 73 billion m® respectively. Thus, in comparison, China’s oil import is expected to exceed that of Japan in the first
half of the 2010s and become about three times Japan’s oil import in 2030, while China’s natural gas import will exceed that of
Japan in the first half of the 2020s, and become about twice Japan’s natural gas import in 2030. There are concerns about whether
such large amounts can be physically procured, whether shipping lanes for import can be secured, and whether China can bear the
financial burden. According to estimation, the proportion of oil and natural gas import in China’s total import will be about 11%
even in a normal situation, and if foreign oil supply is temporarily disrupted and the price surges at the same time, the slowdown of
high economic growth that Japan has experienced upon the oil crisis in 1973 could also occur in China. In other words, further

energy security issues will inevitably surface in relation to the increase in oil and natural gas import.
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3-2-5 Qutlook for final energy consumption

The structure of final energy consumption is expected to become modernized (Table 3-6). The most predominant
energy source is coal, but its proportion will decline and the proportion of non-coal energy sources will increase. In terms of the
energy consumption structure by sector, the proportion of the industrial sector will decline and that of the traffic sector and the

civilian sector will increase.

Table 3-6 Outlook for China’s final energy consumption by sector (reference scenario)

2000/ 2010/ 2020/ 2030/

1980 2000 2010 2020 2030 1980 2000 2010 2020

Total final energy consumption Ktoe 312,967 559,109 825,960 1,195,376 1,736,500 2.9 4.0 3.8 3.8
Industrial sector % 60.0 57.0 49.3 40.9 335
Transportation sector % 7.8 13.2 18.5 233 27.8
Agricultural and civilian sector % 29.5 27.3 30.2 34.0 37.2
Non-energy sector % 2.7 2.4 2.0 1.8 1.6
Coal % 69.6 44.2 33.7 243 17.1
Oil % 19.0 32.0 37.5 42.5 47.1
Natural gas % 2.2 32 4.5 6.3 7.6
Electricity % 6.8 16.1 19.5 22.0 233
Heat % 2.4 4.6 4.7 4.9 4.9

3-2-6 Outlook for power source structure

The electric power generated in China will increase from 2.19 trillion kWh in 2004 by 2.9 times to reach 6.26 trillion
kWh in 2030. This amount corresponds to the total of electric power generation in the United States (4.0 trillion kWh), Japan (1.08
trillion kWh), Canada (0.61 trillion kWh), and Germany (0.57 trillion kWh), which makes 6.26 trillion kWh. The total installed
capacity of electric power will surge from about 441 million kW in 2004 to 1.491 billion kW in 2030. The capacity of the new
facilities will be 1.05 billion kW cumulatively, and about 40 million kW annually. As for the power source structure, the
proportion of coal on the basis of the electric power generated will decrease from 78.3% in 2000 to 72.0% in 2030. In contrast, the
proportion of natural gas will considerably increase from 0.5% to 6.8% and nuclear power from 1.2% to 6.0%. The power source
structure, which had been dominated by coal, will be diversified, and the main energy sources that will take the place of coal will
be natural gas and nuclear power. Power generation of renewable energy excluding hydraulic power will increase at an average
annual rate of 14%, but since the starting amount is low, the proportion in the total electric power generated will be only 2.2% in

2030 (Table 3-7).

Table 3-7 Outlook for China’s electric power generated and installed capacity (reference scenario)

2000/ 2010/ 2020/ 2030/

1980 2000 2010 2020 2030 1980 2000 2010 2020

Electric power generated GWh 300,630 1,355,600 2,476,746 4,061,067 6,260,425 7.8 6.2 5.1 4.4
Fossil energy % 80.6 82.2 77.1 77.1 79.6
Coal % 54.6 78.3 71.5 70.2 72.0
Oil % 25.8 34 1.9 1.1 0.7
Natural gas % 0.2 0.5 3.8 5.8 6.8
Nuclear power % 0.0 1.2 4.7 5.8 6.0
Hydraulic power % 19.4 16.4 17.3 15.4 12.2
New energy power generation % 0.1 0.2 0.8 1.7 2.2

Total installed capacity of electric power MW 65,869 319,321 572,515 944,361 1,467,724 8.2 6.0 5.1 4.5
Thermal power % 69.2 74.4 72.4 73.0 75.6
Coal-fired % 46.8 70.9 67.0 66.4 68.3
Oil-fired % 22.1 3.1 1.7 1.1 0.7
Gas-fired % 0.2 0.4 3.6 5.5 6.6
Nuclear power % 0.0 0.7 2.6 33 34
Hydraulic power % 30.8 249 24.0 21.6 17.3
New energy power generation % 0.0 0.4 1.1 2.2 3.7

11



3-2-7 Prospects for energy demand by energy source

Compared to the 2000 level, coal consumption will increase by 870 million toe by 2030, and 72% of the consumption
will be attributable to power generation (see Table 3-8). As a result, the proportion of consumption by the power generation sector
will dramatically increase from 42% in 2000 to 59% in 2030, and the proportion of industrial sectors, mainly iron and steel as well
as building materials will greatly drop from 27% to 15% and the proportion of the civilian sector and the agricultural sector will
considerably decline from 10% to 4%. Coal consumption is expected to change to a structure suitable for dealing with pollution
problems in a centralized manner.

Natural gas consumption will increase from the 2000 level by 250 million toe by 2030, of which 42% will be
attributable to the civilian sector and 30% to the power generation sector. As a result, the proportion of consumption in the civilian
sector will significantly increase from 21% to 39% and that for power generation from 6% to 27%. Since supply infrastructure
such as natural gas pipelines will be rapidly established and improved mainly in the urban areas, and because urban residents can
accept natural gas relatively easily and policy adjustments, including reinforcement of environmental measures and reduction in
the supply price of natural gas for power generation, can be expected, demand is likely to grow in the civilian sector and the power
generation sector. On the other hand, in the industrial sector centering on chemical industry, consumption will double, but the
proportion will decline considerably from 42% to 8%. This is because the low price policy for natural gas for the chemical
industry will expire, and the conditions for competing with coal are likely to deteriorate.

Oil consumption will increase from the 2000 level by 720 million toe by 2030, of which 56% will be attributable to the
traffic sector and 21% to the civilian sector. The largest factor for the oil consumption growth is the increase in demand in the
traffic sector mainly involving roads. In 2000, oil use was 30% in the transportation sector, 24% in the industrial sector, 13% in the
home and service sector, and 5% in the power generation sector. In the future, it will be used in a concentrated manner in the
transportation sector where substitution with other energy sources is difficult and in the home and service sector, which strongly
pursues better convenience and environment. By 2030, the proportion of consumption in the transportation sector will increase to
50% and that in the civilian sector to 18%. The restraints in oil demand in the road transportation sector provided by clean energy

vehicles such as electric vehicles and fuel-cell vehicles will be the key to resolving the oil security issues.

Table 3-8 Outlook for fossil energy demand structure (reference scenario)

Coal Natural gas Oil
2000 2030 Increase 2000 2030 Increase [ 2000 2030 | Increase

Total primary consumption ktoe 655,605 1,528,571 872,966 28,129 274,409 246,280| 221,503 945,464| 723,961
Power generation and heat supply sector ktoe 309,955 1,030,615 720,660 3,047 76,355 73,308 15,785 12,613 -3,172
Power generation sector ktoe 275,303 901,889 626,586 1,573 74,881 73,308 11,612 8,440 -3,172
Final consumption sector total ktoe 247,369 297,629 50,260 17,730 131,496] 113,766 178,707 817,777| 639,070
Industrial sector ktoe 177,623 228,633 51,009 11,771 22,707 10,936 53,729 125,732| 72,003
Transportation sector ktoe 5,746 5,746 0 199 825 626 66,945 469,802 402,857
Road transportation ktoe 0 0 0 199 825 626| 46,596 364,239| 317,643
Other sectors ktoe 64,352 63,250 -1,102 5,760 107,965| 102,205 44,235 195,247| 151,012
Home ktoe 44,530 42,370 -2,160 5,343 105,586| 100,243 13,301 60,368 47,067

(Structure)

Total primary consumption % 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Power generation and heat supply sector % 47.3 67.4 82.6 10.8 27.8 29.8 7.1 1.3 -0.4
Power generation sector % 42.0 59.0 71.8 5.6 27.3 29.8 52 0.9 -0.4
Final consumption sector total % 37.7 19.5 5.8 63.0 47.9 46.2 80.7 86.5 88.3
Industrial sector % 27.1 15.0 5.8 41.8 8.3 4.4 243 13.3 9.9
Transportation sector % 0.9 0.4 0.0 0.7 0.3 0.3 30.2 49.7 55.6
Road transportation % 0.0 0.0 0.0 0.7 0.3 0.3 21.0 38.5 439
Other sectors % 9.8 4.1 -0.1 20.5 39.3 41.5 20.0 20.7 20.9
Home % 6.8 2.8 -0.2 19.0 38.5 40.7 6.0 6.4 6.5
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By type of oil product, diesel oil demand will increase by 4.2 times from 69 million toe in 2000 to 361 million toe in
2030, gasoline demand will increase by 3.2 times from 36 million toe to 163 million toe, naphtha demand will triple from 22
million toe to 87 million toe, aviation fuel demand will increase by 13 times from 5 million toe to 75 million toe, and LPG demand
will increase by 2.7 times from 17 million toe to 63 million toe. As for production structure in 2030, the proportion of diesel oil will
be 43%, gasoline 19%, naphtha 10%, aviation fuel 9%, and LPG 7%. Heavy oil demand will increase by 52% from 33 million toe
to 50 million toe, but its proportion will decline from 16% to 6%.

3-2-8 Outlook for CO; emissions, etc.

CO, emissions are expected to increase sharply and the global warming problems will worsen. As indicated in Table
3-9, CO, emissions will increase from 900 million tC in 2000 to 2.57 billion tC in 2030. This scale, which corresponds to 49% of
the world’s total emissions in 2001 (6.45 billion tC), is an unacceptable level not only for China, but also for the international
community. Meanwhile, per capita emissions will increase from 0.71 tC to 1.73 tC in 2030. As of 2000, per capita emissions were
2.58 tC in Japan, 5.61 tC in the United States, 3.07 tC in the OECD average, and 1.06 tC in the world average. Therefore, China’s
emissions level in 2030 will only be about 67% of the present level in Japan, about 31% of the level in the United States, and about
57% of the OECD average, but it will be 164% of the world average. China is not obligated to reduce CO, emissions at the present
stage. However, this does not mean that a surge in CO, emissions in China can be left as it is. The Chinese government has
declared in its Tenth Five-Year Plan that it will implement policy measures that are effective for curbing global warming, and is

setting up organizations and legal systems for promoting international cooperation under the clean development mechanism

(CDM).

Table 3-9 Outlook and international comparison of China’s CO, emissions (reference scenario)

China International level in 2000
2000 2030 United States | Japan | OECD | World
CO2 emissions (million tC) 900 2,575 1,577 325 3,463 6,407
Per capita CO2 emissions (tC/person) 0.71 1.73 5.61 2.58 3.07 1.06
The percentage of China’s 2030 level to the international level in 2000 30.9% 67.2% | 56.5% | 163.5%

Notes: (1) China’s per capita CO2 emissions are estimated to reach the world average level for 1990 in around 2014.
(2) The Chinese government declared that it would address the CO2 emissions issue in its Tenth Five-Year Plan, and
established CDM-related organizations.

(3) The Chinese government enacted the “Interim Measures for Operation and Management of Clean Development
Mechanism Projects in China” in May 2004.

Sources:
Values for the world: EDMC, “Handbook of Energy & Economic Statistics in Japan”;
Values for China: the reference scenario in this study.

The possibility cannot be eliminated that food problems might arise due to water pollution, desertification, worse water

shortage, reduced arable land, and deterioration of soil quality.
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4. China’s automobile strategy - Outlook for automobile diffusion in China and the automobile industry
development strategy -

Future car ownership in China is currently drawing the attention of the international community. There are concems
that, if a population giant with about 1.3 billion citizens becomes an automobile society, the world map of energy supply and
demand centering on oil will dramatically change, and the problems of air pollution, acid rain pollution, and global warming will
become even worse. On the other hand, automobile companies around the world, which have run into an era of mega-competition,
hold expectations for China to become the largest automobile market of the 21st century. How China can promote its automobile
industry so as to satisfy the needs for automobile diffusion and to minimize the impacts on the energy security issues and the
environmental issues is a future task for China, which aims at sustainable development. Thus, this section analyzes the current
status and forecasts the future of automobile diffusion in China in an attempt to examine the various automobile-related problems

and the automobile industry development strategy.

4-1 Current status and future outlook of automobile diffusion

As of the end of 2004, China’s car ownership was 27.42 million cars, and the diffusion rate was 2.1%. Compared to
the fact that the diffusion rates in developed countries are 77.7% in the United States, 56.9% in Japan, and 26.8% in the Republic
of Korea (2000 actual; based on EIA/DOE/USA, “International Energy Outlook 2001”), the diffusion rate in China is apparently
low. However, China is considered to be on the verge of becoming an automobile society due to the following reasons.

Firstly, car ownership has surged, the style of ownership has shifted from public ownership (owned by private business
operators excluding personal businesses or owned by government-related organizations excluding the military) to private
ownership, and the type of vehicles has changed from freight cars to passenger cars. Ownership had increased at an annual rate of
13.3% mainly involved publicly-owned fieight cars in the 1970s, but after the reform and liberalization—from 1980 to 2004—it
has increased at an annual rate of 12.1% mainly in the area of privately-owned passenger cars. The average annual increase rate
from 1985 to 2003 was 17.6% for passenger cars, which far exceeds the 7.6% for freight cars. In particular, the average annual
increase rate for privately-owned passenger cars reaches 40.2%. Looking at the composition of the vehicle types owned, the share
of passenger cars increased by 37.3 points from 24.7% in 1985 to 62.1% in 2003, and the share of privately-owned passenger cars
increased by 34.9 points from 0.6% to 35.5%.

Secondly, the income level has risen. From 1980 to 2004, China’s GDP growth rate reached 9.5% and per capita GDP
growth rate 8.3%. As a result, in 2004, per capita nominal GDP was 10,502 yuan, which is 1,270 dollars based on the exchange
rate (8.27 yuan/dollar) and 5,834 dollars based on purchasing power parity (1.8 yuan/PPP dollars). As of May 2005, the lowest
price for China’s domestic brand car was 29,000 yuan for a 800 cc car (Chery’s QQ) and 43,200 yuan for a 1300 cc car (Geely’s
Merrie). The prices are about three to four times the average annual income, so families of three can purchase a small domestic
passenger car for one to 1.4 times the average annual income per household.

Thirdly, the automobile industry has begun to develop at a fast pace. Automobile production increased from 222,000
cars in 1980 to 5.07 million cars in 2004.

There are three major views on the future of the diffusion of automobiles in China.

First is a conservative view that “privately-owned cars are far from booming in China” (“Jidosha sangyd handobukku
(Handbook on automobile industry) 2000”). The major basis is the low per capita income level. However, the conservative theory
seems unconvincing in front of the prevalent prediction that the economic growth of more than 7% will continue for about 30

years.
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Second is a view that the diffusion of automobiles will not be so fast. For example, “Chiigoku enerugi senryaku

kenkyti (Study on China’s energy strategy) (2000-2050)” expects the diffusion rate of privately-owned passenger cars to be 1.3%

in 2020 and 6.0% in 2050. The major basis is that tangible problems involving parking spaces and roads, intangible problems

concerning for example the automobile control system, as well as the oil supply and demand problems and environmental

problems will hinder the diffusion of automobiles. However, these are all problems that developed countries have faced in the past

and have already solved or are in the process of solving, so they are not insoluble problems for China.

Third is a view that the diffusion of automobiles will advance at a rapid pace. The major basis is that promotion of the

automobile industry is necessary for maintaining economic growth, and because of this, any obstacles that hinder the diffusion of

automobiles will gradually be removed as in developed countries.

In this study, we hypothesized five cases (Table 4-1) that combine the economic growth rate with various conditions

for purchase, ownership, and use including infrastructure, such as roads, gas stations, and parking spaces, as well as miscellaneous

expenses that arise upon purchase and use, and obtained the simulation results shown in Figure 4-1.

Table 4-1 Hypothesized cases of automobile diffusion

Standard growth case High growth case Low growth case Differences in the

automobile diffusion cases
Standard automobile Standard growth/standard High growth/standard Low growth/standard The  conditions  for
diffusion case diffusion case diffusion case diffusion case purchase, ownership, and
use will gradually improve.
High automobile diffusion Standard growth/high The  conditions  for
case diffusion case purchase, ownership, and

use will rapidly improve.
Low automobile diffusion Standard growth/low The  conditions  for
case diffusion case purchase, ownership, and
use will rapidly deteriorate.

Average economic growth 6.6% (60%) 7.7% (30%) 5.0% (10%)
rate for 2000-2030
(probability)
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Figure 4-1 Simulation results on China’s automobile diffusion
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Looking at the three cases based on standard growth, car ownership will surge from 27.42 million cars in 2004 to about
200 to 300 million cars in 2030, and the diffusion rate will increase from 2.1% to 13 to 20%. On the other hand, in the high
growth/standard diffusion case, car ownership in 2030 will be 370 million cars and the diffusion rate will be 25%. This is
compliant with the estimate released by the China Energy Research Institute indicating that the diffusion rate will be 40 to 60% in
2050, and this should be regarded as the uppermost, extreme case. Meanwhile, in the low growth, standard diffusion case, car
ownership will be 80 million cars in 2020 and 130 million cars in 2030, while the diffusion rate will be 5.7% and 8.8%
respectively. This is lower than the prospect released by EIA/DOE/USA (2001) indicating that the diffusion rate will be 7.2% in
2020. Since the probability for low growth is extremely small, it would be too low to consider this value as the lowermost case of
automobile diffusion.

By summing up these five cases, car ownership in 2030 will be more than 200 million cars and less than 380 million
cars, and the diffusion rate will be at least 13% and 25% at the most. Among these, the most down-to-earth prospect would be the
standard growth/standard diffusion case. In other words, car ownership in 2030 will be 240 million cars or more and less than 250
million cars, while the diffusion rate will be about 16%.

4-2 China’s automobile industry development strategy

China has established the Automobile Industry Policy (1994, 2004) and promoted industrial development in
preparation for the arrival of an automobile society. In the Tenth Five-Year Plan for the Automotive Industry, the government set a
goal to achieve an annual production of 3.2 million cars in 2005, and to achieve car ownership of about 24.65 to 25.45 million cars
by the end of 2005. The actual production for 2004 was 5.07 million cars, which is 1.58 times the target, and the actual ownership
was 27.42 million cars, which managed to exceed the upper limit of the target by 7.7%. How the automobile industry should be
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developed so as to meet the demand for automobile diffusion and to resolve, or at least prevent worsening of, energy security

problems and environmental problems is the central challenge for China’s automobile industry development strategy.

Table 4-2 China’s automobile industry development strategy

Strategy for oil-fueled cars Strategy for clean cars fueled by oil Strategy for electric cars, mainly fuel cell
altematives cars
Car characteristics
Market share Mainstream in near future Not mainstream Mainstream in the medium to long term
Technology Mature Near maturity Under development
Economical efficiency Affordable Slightly expensive Too expensive
Relevance to energy problems High Low Very low
Relevance  to  environmental High Low Almost none
problems
China’s position
Compared with the world level 20 years behind Few years behind Slightly behind
Strategy objective
Promotion of the automobile industry ina Same as the left column Same as the left column
way that harmonizes between energy,
environment, and economic development
Strategy target
Energy problems Reduced Reduced Completely resolved
Environmental problems Reduced Reduced Completely resolved
Domestic market Secured Secured Secured
Overseas markets Exported if possible Exported if possible Secured
World level Catchup Catchup Overtake
Strategy means
Energy problems Better fuel efficiency; structural
adjustment
Environmental problems Structural adjustment; stricter standards
Economical efficiency Scale expansion; intensification R&D R&D
Technology R&D R&D R&D
Government’s role Industrial projects; environmental Industrial projects; environmental High-Technology Research &
standards standards Development
Program (863 Program)
Development Industry Industry + research institutes Universities + government + industry +
research institutes
Time schedule status Short to medium term Transitional Medium to long term

Source: Created by Zhidong Li based on various official documents and online information.

As shown in Table 4-2, China’s automobile industry development strategy consists of three sub-strategies: strategy for
oil-fueled cars; strategy for clean cars fueled by oil alternatives; and strategy for electric cars, mainly fuel cell cars. Timewise, the
strategy for oil-fueled cars is a short to medium-term strategy and the strategy for fuel cell cars is a long-term strategy. The strategy
for clean cars fueled by oil alternatives is a transitional strategy to bridge oil-fueled cars and fuel cell cars. These strategies all have
the common objective of promoting the automobile industry in a way that harmonizes between energy security, environmental
protection, and economic development, but the target differs by strategy. Specifically, the strategy for oil-fueled cars and the
strategy for clean cars fueled by oil altematives aim at easing the adverse impacts on the energy problems and environmental
problems, modemnizing the domestic automobile industry, and securing the domestic market. In contrast, the strategy for fuel cell
cars aims at resolving energy problems and environmental problems, as well as taking the leadership in the world’s automobile

market and strategically entering the international markets.

(i) Strategy for oil-fueled cars
China’s oil-fueled car industry is 20 years behind the world level (for example, H[EREJRHE May 27,2003, /N4
HhEEEEY B September 28, 2002, HifkK). However, there is no doubt that oil-fueled cars play the central part in car

ownership and the car market at present or in the short or medium term. Under such circumstances, the strategic challenge would
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be how fuel-efficient, clean oil-fueled cars could be produced and sold. In the Tenth Five-Year Plan for the Automotive Industry,
the government prioritizes improvement in fuel burning efficiency, adjustment of the vehicle type structure, and reinforcement of

exhaust emission standards.

a) Improvement in fuel and combustion efficiency
The plan indicates a target to improve the average fuel buming efficiency of various cars by 10% in 2005, specifically,

5 to 10% for passenger cars and small freight cars, and 10 to 15% for medium-sized and large freight cars.

b) Adjustment of the vehicle type structure

With regard to the structure of vehicle types produced, the proportion of production of passenger cars, medium-sized
and large freight vehicles, and special cars will be increased. In terms of composition of vehicles types, the proportion of diesel
freight cars and small diesel buses will be increased, and medium-sized cars will all be diesel cars. In 2005, the proportion of
passenger cars in total car production will be raised to more than 35% from 29.2% in 2000, and the proportion of diesel cars will

be raised to around 35% from 29.7%. The priority vehicle types by usage are as follows.

<Passenger cars and taxis>

- (Gasoline) passenger cars: Cars with displacement of 1300 cc or less, which clear the domestic high fuel efficiency standard, are
priced at around 80,000 yuan, and comply with the Euro 2 emission standards, will be intensively developed.

- Diesel passenger cars: Cars that comply with the Euro 2 emission standards or Euro 3 emission standards will be moderately
developed.

- Other passenger cars: CNG, LPG, and hybrid cars will be moderately developed.

- Taxis: Clean energy cars will be intensively developed.

<Freight cars>

- Large (displacement of 9000 cc or more; 300 horsepower or more) diesel fieight cars complying with the Euro 2 emission
standards or Euro 3 emission standards will be intensively developed.

- CNG freight cars and LPG fieight cars complying with the Euro 2 emission standards or Euro 3 emission standards will be
moderately developed.

- Light freight cars and small freight cars will be actively developed.

<Buses>

- Clean energy vehicles will be intensively developed.

¢) Reinforcement of exhaust emission standards

The five-year plan stipulates the following as the target for automobile exhaust emission control in 2005: (i) new
passenger cars, light cars, small cars, medium-sized and large buses, and medium-sized and large freight cars shall comply with
the Euro 2 emission standards; (ii) efforts shall be made to have part of medium-class and luxury-class cars as well as luxury-class,
large and medium-sized buses comply with the Euro 3 emission standards as much as possible; and (iii) the exhaust emission level
of new four-wheeled agricultural vehicles (author’s note: this generally refers to light trucks) shall be gradually improved, and
four-wheeled agricultural vehicles equipped with multiple turbos shall comply with the Euro 1 emission standards. In addition, the

plan provides that the exhaust emission level of the respective vehicles shall be gradually improved to the international level by
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around 2010.

(2) Strategy for clean energy cars fueled by oil alternatives

Clean energy cars fueled by oil alternatives include CNG cars, LPG cars, cars fueled with methanol-blended gasoline,
cars fueled with ethanol-blended gasoline, methanol cars, cars fueled with ethanol-blended diesel, and cars fueled with dimethyl
ether (DME). R&D on clean energy cars was conducted on a worldwide scale in response to the oil crisis in the 1970s, but the cars
have yet to be diffused due to technical problems and the problems in fuel supply infrastructure. Nevertheless, because they have
better environmental performance and can restrain oil consumption compared to existing oil-fueled cars, clean energy vehicles are
used for taxis, buses, mail cars, and garbage trucks.

The Chinese government is considered to be focusing on the right types of vehicles in the right fields in its policy on
clean energy cars fueled by oil alternatives.

In the Tenth Five-Year Plan for the Automotive Industry, the govemment hammered out a strategy to: (i) intensively
develop taxis and buses; (i) moderately develop CNG, LPG, and hybrid cars as passenger cars; (iii) moderately develop CNG
freight cars and LPG freight cars; and (iv) limit development of bi-fuel (gasoline + CNG; gasoline + LPG) cars as being a
transitional existence.

At the same time, in the Tenth Five-Year Plan for National Economic and Social Development and the plan for energy,
the government indicated a policy to promote the development of alcohol fuel. In line with this, production projects were set up in
some regions, and the national standards for “denatured fuel alcohol”” and “alcohol gasoline for automobiles” were formulated.
Nevertheless, the problem of raw material supply in the case of using food as raw materials, the problem of cost competitiveness,
and the problems of car engine development have been pointed out (F[EREJFHE August 1, 2001, HE(L T#RFCE; ibid,
March 15,2002, JCESF IS BAPEERRFIRIERD).

(3) Strategy for fuel cell cars

In China, R&D of fuel cells started around the mid-1950s and full-fledged R&D of fuel cell cars started after the
adoption of the High-Technology Research & Development Program (863 Program).

The 863 Program is known as a technological development plan to be intensively promoted by the government with
respect to the priority technologies in national strategy. The program was launched in March 1986 under the leadership of the late
Deng Xiaoping. The technological development project of electric cars including fuel cell cars, pure electric cars, and hybrid cars
was formally adopted as a key project of the 863 Program in the Tenth Five-Year Plan for Science and Technology, and the
project has been initiated. In particular, R&D of fuel cell cars is positioned as a priority task.

Why is China promoting the R&D of cutting-edge fuel cell cars? One of the reasons is that fuel cell cars are important
technology for a hydrogen society, which is expected to arrive in the future, and they can resolve energy problems, environmental
problems, and economic development problems all at once. More important, however, is the Chinese government’s awareness
that if the R&D is promoted as a national effort, China may achieve remarkable success just as it has once succeeded in manned
space flight. In other words, the development of fuel cell cars is the one and only field in which the Chinese automobile industry
can compete with automobile companies around the world, and has a chance of success.

The following section introduces the brief outline and progress status of the key project on electric cars, mainly fuel
cars, under the 863 Program, based mainly on electronic data (-PERE]FE, HHEEEHE) F BhHHE, etc.).
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a) Project outline

Development framework: (i) government + industry + universities + research institutes; (ii) divided into six sub-projects; and (iii) a
competitive development mechanism introduced.

Budget for development: 2.4 billion yuan during the Tenth Five-Year Plan period (State: 880 million yuan)

Budget for diffusion: Besides 2 billion yuan for the Beijing Olympic Games in 2008, independent measures will be taken by local
governments such as Shanghai and Guangong,

2005 target: achieve industrialization of pure electric cars and mass production of hybrid cars, and develop a model car for

commercialization of fuel cell cars.

b) Project progress status
The production of pure electric cars and hybrid cars was launched in 2004. As for fuel cell cars (passenger cars), the
first-generation experimental model car “Chao Yue I’ was released in August 2003. The main specifications are as shown below.
Vehicle weight: 1.6 to 1.7 tons
Fuel cell: 40 kW
Acceleration: 80 km/h in 14 seconds
Top speed: 110 kmvh
Cruising distance: 210 km

Lastly, the Japanese automobile industry, which has a competitive edge in the world, is not necessarily demonstrating
its advantage fully in China. This is because in the 1980s when Europe and the United States actively advanced to China with eyes
to the potential of the Chinese market, Japan had judged it to be too early. There is a good possibility that Japan, which is currently
ahead in fuel cell car development, might dominate the world in this field if it promotes the establishment of international standards
and cost reduction by using China’s potential market through cooperation with China. Japan-China cooperation in this field will
become part of the future agenda.
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5. China’s nuclear power strategy - Medium to long-term outlook for China’s nuclear power

development —

China’s nuclear power development is drawing the attention of the international community. Today when the world’s
nuclear power development is slowing down, the nuclear power companies throughout the world, mainly in developed countries,
hold expectations for China to become the largest market of the 21st century. On the other hand, there are concerns that, as seen in
the past, rapid introduction of nuclear power generation centering on overseas technology would involve various problems in the
areas of safety, cost competitiveness, and lack of employment opportunities, as well as delay domestic production of the
technology, and consequently hinder development of nuclear power generation in China. In addition, many people do not
understand why China, which has considerably high potential for energy conservation and development of renewable energy such
as hydraulic power and wind power, fails to produce such energy intemally and rather implement nuclear power generation that
still involves the problem of safe waste disposal. This section clarifies the current situation of the development of nuclear power

generation in China, and outlines its medium to long-term outlook and the related issues.

5-1 Current situation of the development of nuclear power generation

Immediately after the national foundation in 1949, China established the China Institute of Atomic Energy (CIAE),
concluded an agreement on nuclear cooperation with former Soviet Union in 1955, and established a competent government
organization in 1956. Later, prompted by a confrontation between China and the Soviet Union, China launched independent
nuclear power development for military purpose in 1960. After the success of the development for military purpose, China
established the Shanghai Nuclear Engineering Research and Design Institute in 1972, and started designing the Qinshan nuclear
power plant (300,000 kW; pressurized water reactor (PWR)). The construction plan for the Qinshan nuclear power plant was
included in the Sixth Five-Year Plan (1981-1985) for National Economic and Social Development, which was formulated in 1982.
The construction started in March 1985, test operation was launched in December 1991, and commercial operation was initiated in
May 1994. This event signifies the start of China’s nuclear power industry.

With construction of the Qinshan nuclear power plant as a start, the Chinese government hammered out the following
policies and promoted nuclear power development based on the respective national programs: “build nuclear power plants
intensively and in a phased manner” in the Seventh Five-Year Plan (1986-1990); “build large and medium-sized power plants of a
certain scale, including nuclear power plants, in an organized manner, and build the Qinshan I nuclear power plant in an intensive
manner” in the Eighth Five-Year Plan (1991-1995) and the Ten-Year Program; “achieve remarkable progress in industrialization
of advanced technology such as nuclear power and appropriately develop nuclear power generation” in the Ninth Five-Year Plan
(1996-2000); and “moderately develop nuclear power generation” in the Tenth Five-Year Plan. As a result, the installed capacity
became 8.7 million kW with 11 reactors at the end of April 2005, including the 2 million kW of the two reactors under
construction. The share of nuclear power in total installed capacity became 1.5% (end of 2004) and the share in total power
generation became 2.3% (2004).

5-2 Medium to long-term outlook for nuclear power development
In China, many plans and concepts have been announced on the construction of nuclear power plants mainly in coastal
regions (Table 5-1) in order to respond to the high economic growth and active electric power demand pertaining to reform and

liberalization. Half of them were announced before the mid-1990s and the rest were announced in recent years when electric
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power shortage became a problem once again.

The two reactors (2 million kW) currently under construction will complete by the end of 2005 to make the total
installed capacity 8.7 million kW with 11 reactors.

At present, construction of 66 reactors (65.3 million kW) is being considered for the future. Among these, construction
of eight reactors (7.3 million kW) has been approved as part of the Tenth Five-Year Plan. Since the construction period is around
six years long, at least three reactors (2.65 million kW) may be completed by 2010. As a result, the capacity may become 11.35
million to 16 million kW in 2010. With regard to 2020 onward, former Ministry of Nuclear Industry (MNI) of China (currently
China National Nuclear Corporation (CNNC)) released a prospect for very large-scale development as follows in 1994: 64 million
to 84 million kW by 2020; 135 million to 170 million kW by 2030; and 300 million to 350 million kW by 2050. However, it has
adjusted its prospect downward to more than 40 million kW by 2020 (Zhao, 1994; Z=7E ML, 2000). On the other hand, foreign
views on China’s nuclear power development are far lower than the prospects indicated by Chinese relevant organizations. The
IEA (2004) sees that the capacity will be 22 million kW by 2020 and 35 million kW by 2030. Meanwhile, the DOE/EIA/USA
(2003) presented a considerably low prospect that the capacity in 2020 will be 21 million kW at the most, and will remain at 12.6
million kW if low.

Table 5-1 Situation of operation, construction, planning, and consideration of Chinese nuclear power plants (as of the end
of April 2005)

No. of reactors | Capacity per reactor | Total capacity

To be in operation by the end of 2005 11 870
Operating as of the end of April 2005 9 670](1) Ratified in or before the Ninth Five-Year Plan
Dayawan (Guangong) 2 90 180((2) Main purpose: to eliminate electric power shortage
Qinshan I (Zhejiang) 1 30 30((3) Low domestic production rate; high import rate
Qinshan TI-T 2 60 120((4) Inconsistent supplier countries and reactor types
Qinshan IIT 2 70 140((5) Concentrated in three provinces in the southwestern coastal areas
Ling’ao I (Guangong) 2 100 200
To launch operation by the end of 2005 2 200
[Tianwan I (Jiangsu) 2 100 200
Planned or under consideration as of the end of April 2005 66 6530|(1) Considered in the Tenth Five-Year Plan
Project candidates for the Tenth Five-Year Plan 8 730(2) Main purpose: to realize domestic production
Sanmen (I, Zhejiang) 2 100 200|(3) The reactor type very likely to be unified to PWRs
Yangjiang (I, Guangong) 2 100 200((4) Low rate of imported facilities
Qinshan II-1T 2 65 130|(5) Concentrated in the southwestern coastal areas
Ling’ao II 2 100 200
Project candidates for the Eleventh Five-Year Plan 42 4200
Haiyang I - III (Shandong) 6 100 600|(1) Follow-on project after achieving domestic production
Tianwan II - TIT 4 100 400((2) Possibility for introducing an improved PWR
Sanmen IT - TIT 4 100 400((3) Very likely to unify reactors to PWRs
Yangjiang II - TIT 6 100 600((4) Low possibility for importing facilities
Hui’an I - III (Fujian) 6 100 600|(5) Further concentration expected in the southwestern coastal areas, but
Rushan I -III (Shandong) 6 100 600|introduction in inland areas also probable
(Hongyang Reservoir??/Hongyanhe??) I - III (Liaoning) 6 100 600
Jingan I - II (Jilin) 4 100 400
Other prospective projects under application/consideration 16 1600
Fuling Baitaozhen (Chongqing) 4 100 400
Huarong xiaomoshan/Taoyuan jiulongshan (Hunan) 6 100 600
Fanchang/Dongzhi (Anhui) 6 100 600
Total 77 7400

Sources: Created by Zhidong Li based on various materials including “fEREIF 4 “rPIEREFEREGE 2001, “FERZRERTPEFIN 1) S8R L <8 ) T
36 T B < SRR PRI R S {8 A R oA e B R <o A\ RN R A s BT AR RS etal, /7%
BE 1 ZEBIEE 4 O JFf4H DRSS newspapers, magazines, and electronic data.

Notes:

(1) There are other projects in Hubei, Jiangxi, Hainan, Gansu, and Sichuan that are currently under consideration, but their scale and location are unknown.

(2) It has been reported that there is a plan to construct 20 high-temperature gas-cooled reactors of 200,000 kW each (total of 4 million kW) in Rongcheng in Shandong.
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Table 5-2 Comprehensive comparison of forecasts for China’s nuclear development

2000 2005 2010 2015 2020 2030
Scope of forecasted capacity 2.1~2.7 5.3~8.7 8.6~20 9.6~32 11~51 31~90

(1) China National Nuclear Corporation (2000) 2.1 8.7 14.7~16.7 40~

(2) Ministry of Electric Power (November 2000) 2.1 20 40~50

(3) EIA/DOE/USA (2001) 22 53~6.6 | 8.6~11.6 | 9.6~18.7 | 10.6~20.7
EIA/DOE/USA (2003) 2.2 6.6~8.6 | 8.6~11.7 | 9.6~17.7 | 12.6~20.7

(4) IEA (2002) 2.1 11 21 31
1EA (2004) 2.1 10 22 35

(5) China Atomic Energy Authority (2003) 2.1 8.7 15

(6) EH4E (April 2003) 2.1 8.7 13.7 23.7 40

(7) iR 7B#9 (September 2003) 2.1 8.7 12.7 22.7~25.7 | 32.7~43.1

(8) Development Research Center of the State Council (November 2003) 2.1 9~15 31~40

(9) This study (April 2005) 2.1 8.7 11.4~16.0 | 16.0~31.0 [ 21.0~50.0 | 40~90
Standard case 2.1 8.7 12.4 22.0 31.0 50.0
High case 2.1 8.7 16.0 31.0 50.0 90.0
Low case 2.1 8.7 11.4 16.0 21.0 40.0

Sources: Created by Zhidong Li based on the following materials.

(1) China National Nuclear Corporation (A= L), “F&EZ T35, HBHED), 5@ AR CNNC website, 2000.

(2) Ministry of Electric Power (J&1/)\a#f), “ FIEl /) T35 EAMR,” HIEREEAE, 2000.

(3) EIA/DOE/USA, International Energy Outlook 2001, 2003.

(4) IEA, World Energy Outlook 2002, 2004

(5) China Atomic Energy Authority, “Essentials of the Tenth Five-Year Development Plan for Peaceful Use of Nuclear Energy in China,” HFIEREIR] 5, 2003.
(6) ST, Ak 2 OFRZERVAIIER FIEREFUEHE, 2003.

(7) IR, ARSI RO RA IR, SEIRBERATSE, 2003, fifth period.

(8) HHEP#E S =R, Development Research Center of the State Council, “[EISZAEIFHIIE ANEAE” HHEREIFRAE, November 17,2003.

This study considers it likely that installed capacity will increase to 31 million to 50 million kW by 2020, and from 50
million to 90 million kW by 2030 backed by factors including the likelihood of achieving domestic production, worsening of an
electric power shortage, and reinforcement of environmental protection, although back-end problems such as deterioration in the
environment for introduction pertaining to electric power deregulation, safety issues, and the issue of processing spent nuclear fuel
and waste have been pointed out. In addition, it is hardly probable that the current scale of development will be reduced, because of
the need to improve the R&D level, secure human resources, and maintain the nuclear status, so it is unlikely for the installed

capacity to be lower than 40 million kW in 2030 (Table 5-2).

5-3 History and challenges of China’s nuclear power development strategy

While the opinion supporting the introduction of nuclear power is prevalent in China, there had been twists and turns
over whether or not nuclear power should be introduced in pace with the progress of domestic production. In the initial phase, the
Chinese government aimed at achieving domestic production and selected a “steady path” of which basic policy was to achieve
domestic production. However, on December 24, 1990, Deng Xiaoping indicated that “the development issue should be resolved
by actively seizing opportunities,” and “China should develop nuclear power generation” (“&F//\F-3G2,” vol. 3). This prompted
the Chinese government to shift from the “steady path” to a “rapid expansion path.” Nevertheless, from the Ninth Five-Year Plan
(1996-2000) onward, the government indicated a policy to appropriately develop nuclear power, and re-shifted to the “steady
path.”

The “Essentials of the Tenth Five-Year Development Plan for Peaceful Use of Nuclear Energy in China” summarizes
the major problems in conventional peaceful use of nuclear energy as follows. Due to lack of guidance on a long-term

development plan, technological development of nuclear power generation and domestic production of facilities have been slow,
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the industry size is smaller and the technological level is behind that of developed countries. Also, because of a serious lack of
funds for basic research and technological development, the facilities are old and there is a notable outflow of human resources, so
there is a relatively large gap with other countries in terms of core technology. This can also be considered the main reason for
taking the “steady path’ that emphasizes domestic production again.

On the other hand, though hardly any official documents squarely oppose to the introduction, there are views
emphasizing that the introduction should be considered more carefully (for example, {E K52, Institute of Geology and
Geophysics, Chinese Academy of Sciences, December 19, 2002). According to these views, firstly, China has extremely high
potential for energy conservation (energy utilization efficiency is roughly 20% to 40% lower than that of developed countries) and
potential for development of renewable energy such as hydraulic power (hydraulic resource: 380 million kW; installed capacity in
2003: 90 million kW), so efforts should be made in these areas first. Secondly, nuclear power safety issues, particularly the
problem of the disposal of highly radioactive nuclear waste, remain unsolved. Thirdly, there is a need to reconsider whether or not
nuclear power generation will contribute to energy security. It cannot be denied that accidents and incidents such as hiding
problems could induce movements against nuclear power and bring about an electric power supply crisis. Fourthly, economical
efficiency of nuclear power generation has yet to be sufficiently established. In the case of Guangong, which has the Dayawan
nuclear power plant, the electric charge for nuclear power transmission is 0.53 to 0.54 yuan/kW, which is 32.5% to 35.0% higher
than the average charge for thermal power transmission of 0.40 yuan/kW (J& and 55, 1999; F and fifl, 1999). A successful
domestic project, the Qinshan II nuclear power plant, boasts a record low transmission charge at 0.414 yuan/kW, but it is still
higher than coal-fired thermal power that uses desulfurization equipment (0.4 yuan/kW) (7€ 5, 2005). The Essentials of the Tenth
Five-Year Development Plan presents a target to lower the nuclear power transmission charge to a level that can compete with
coal-fired thermal power using desulfurization equipment in the coastal region. However, in the cost calculation process, it does
not take into consideration the cost for disposal of highly radioactive nuclear waste.

Many of the above indications also apply to nuclear power generation development in other countries as well, but for
late-comer China, these are all challenges that must be addressed seriously. It will become increasingly important for China, a
major energy consumer, to formulate an optimum nuclear power development plan that will overcome these problems and

contribute to resolving energy security problems and global environmental problems at the same time.
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6. China’s comprehensive energy strategy and the Northeast Asian Energy Community

The energy problems originating in China may not only undermine China’s foundation for sustainable development as
a matter concerning a single country, but could also become a threat to the international community. In order to prevent this
universal threat, China’s independent efforts are basically required, but cooperation of the international community is also

indispensable.

6-1 Obstacles for resolving the energy problems and the expected measures for independent efforts

In the Tenth Five-Year Plan, the Chinese government hammered out an energy strategy composed of four items: (i) to
diversify the energy supply and demand structure; (ii) to achieve energy security; (iii) to improve the energy utilization efficiency;
and (iv) to promote environmental protection. Furthermore, it has taken the following energy security measures: (i) to promote
domestic development of oil and natural gas, and maximize production; (ii) to import oil and natural gas from multiple countries in
order to reduce the supplier risks; (iii) to have Chinese companies participate in overseas resource development projects for oil and
natural gas, and promote the import of resources developed abroad by securing overseas resources; (iv) to improve the
transportation infrastructure for oil and natural gas; (v) to promote development of oil-alternative energy, mainly coal liquefaction
and fuel alcohols; and (vi) to improve the oil stockpiling system. Furthermore, in response to the electric power shortage and
concerns over coal supply in recent years, the National Development and Reform Commission (NDRC) formulated a draft of the
medium to long-term energy development plan (2004-2020) in June 2004, and gained the approval of the State Council. The plan
contains eight priority measures including attaching primary importance to energy conservation. Accordingly, the NDRC
formulated and announced a medium to long-term energy conservation plan (Chinese title: SiFE - EHASFIEEIH) in November
2004 as a concrete plan for energy conservation.

These measures have all achieved results to a certain extent. In particular, notable success has been observed in
importing resources from multiple countries and conducting overseas development. The oil suppliers were diversified to about 40
countries and regions, and the dependence on Middle East oil is currently held down to 50% as a result. In addition, the overseas
development locations have expanded to 50 countries and regions. Meanwhile, efforts are presently being made with regard to
improvement of the stockpiling system and development of oil-alternative energy.

However, the above energy strategy and energy security measures were formulated in the absence of a government
office for comprehensive energy administration. From April 1993 to March 2003, energy administration had been jointly
undertaken by the National Development and Planning Commission, the State Economic and Trade Commission, the Ministry of
Science and Technology, the China Atomic Energy Authority, the Ministry of Agriculture, the Ministry of Land and Resources,
and the National Bureau of Statistics. In April 2003, administrative reform was implemented, and the Energy Bureau was set up in
the newly established NDRC. However, there is still no government office for comprehensive energy administration befitting a
country that is the world’s second largest energy consumer and the third largest energy supplier.

The absence of a government office for comprehensive energy administration may become an institutional hindrance
to resolving energy supply-and-demand problems and the related environmental problems (see ¥, September 2002; =, October
2002; and Andrews-Speed et al., 2002). Therefore, in order to resolve the problems, an administrative organ for comprehensive
energy control must be first set up to carry out comprehensive energy administration such as the establishment of statistical data
and formulation of supply-and-demand plans, as well as formulation, implementation, and supervision of energy strategies
centering on the energy security strategy in a centralized manner. Next, in formulating energy strategies, sufficient consideration

must be given to ensuring energy security, ensuring economical efficiency, and resolving environmental problems.
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This study conducted simulation analyses of various countermeasure cases in addition to the aforementioned reference

scenario, and examined the energy security effects and the environmental effects of each measure (Table 6-1).

Table 6-1 Comparison of effects of the measures

Energy Measures to Measures to Measures to adjust the Introduction of Promotion of oil altematives
conservation expandnuclear | expand gas-fired transportation environmental tax
measures power and power structure (restraint on
renewable road transportation)
energy
Biomass Coal
Effect to restrain Effective Effective Effective Effective Effective Effective Reverse effect
fossil energy
consumption
Effect to reduce Effective Effective Effective Effective Effective Effective Reverse effect
SO, and CO,
emissions
Effect to restrain Effective Neutral Reverse effect Effective Reverse effect Effective Effective
energy import
Remarks Food problem in Water problem
addition to in addition to
technological and technological
economical and economical
efficiency problems efficiency
problems

Individual measures such as the promotion of energy conservation, encouraging the introduction of non-fossil energy,
expansion of gas-fired power, making adjustments to the transportation structure, and introduction of an environmental tax would
be effective for restraining a surge in energy demand and environmental deterioration, but it would be more effective to combine
some of these measures. The most effective way is to take a comprehensive measure to promote all of these measures at the same
time. Meanwhile, promotion of energy conservation, measures to adjust transportation structure, and promotion of oil alternatives
are effective as individual measures for restraining energy import, but encouraging the introduction of non-fossil energy has a
neutral effect and measures to expand gas-fired power and introduction of an environmental tax have reverse effects. The reason
for the reverse effects is that the demand for self-sufficient coal will be restrained while the demand for overseas-dependent oil and
natural gas will increase.

This study takes the stance that the Chinese government should have a comprehensive policy centering on promoting
energy conservation and developing renewable energy as a strategic concept. Although there are also discussions on
environmental tax and carbon tax, their introduction should be carefully considered because they may worsen energy security
problems. Many environmental problems are attributable to direct coal firing, so efforts should be made to introduce and diffuse
clean coal technology, which also has the effect of promoting environmental industries. Even if cutting-edge technology in the
R&D phase is quickly introduced, it could be economically inefficient as well as incomplete in various ways and could hinder
diffusion. So the policy should be changed so as to intensively diffuse advanced technology that is already commercialized, on a
global scale. The keywords for energy security measures are diverse. It is necessary to consider various measures at the same time,
such as demand measures and supply measures, as well as improvement of not only domestic but also international environment
including cooperation and alliance with Japan and other Asian countries, and dialogues with or support of 0il exporting countries.

To this end, an energy ministry should be established first as a government office for comprehensive energy
administration, and comprehensive policies mainly involving the promotion of energy consumption and development of
renewable energy should be formulated in that framework in order to achieve stable supply, environmental conservation, and
economical efficiency. Also, since many environmental problems are attributable to direct coal firing, efforts should be made to
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introduce and diffuse clean coal technology, which also has the effect of promoting environmental industries. The keywords for
energy security measures are diverse. It is necessary to consider various measures at the same time, such as demand measures and
supply measures, as well as improvement of not only domestic but also international environment including cooperation and

alliance with Japan and other Asian countries, and dialogues with or support of oil exporting countries.

6-2 Northeast Asian Energy Community

International cooperation, particularly regional cooperation through the Northeast Asian Energy Community, would be
important in forecasting China’s future energy strategy. Northeast Asian countries are facing similar energy-related problems,
though there are differences in priority. Also, while Japan has the world’s most advanced energy conservation technology and
environmental technology as well as affluent funds, China has a comparative advantage in terms of market capacity, cost
competitiveness, and resources. It would benefit the entire region if the countries could make the most of their respective
advantages and cooperate to complement each other, and avoid the disputes over import through the east Siberian oil pipeline and
offshore gas development.

Figure 6-1 indicates the common energy-related problems facing Japan and China and the cooperative frameworks for
Japan and China, which are positioned as key countries in the Northeast Asian Energy Community. Important areas of
cooperation include cooperation in diffusion of clean coal technology, cooperation in promoting substitution of fossil energy by
renewable, and joint promotion of imports through the natural gas pipeline. Meanwhile, cooperation towards a stable supply of
energy and energy security includes establishment of a joint stockpiling system as well as joint development with and
development support of China, and cooperation toward resolving environmental problems includes transfer of pollution control
technology and joint development of CO, recovery technology. The following section briefly examines the main areas of

cooperation.

(1) Cooperation in energy conservation

Energy conservation can contribute to resolving all problems by restraining consumption of fuel energy. Compared to
Japan, the energy utilization rate in China is low and its potential for energy conservation is high in almost all fields. Therefore,
there are expectations for Japan-China cooperation in areas centering on technology transfer, human resources development,
establishment of countermeasure systems, and institutional design. In the power generation field, a large energy conservation effect
could be expected if China liberalizes the market entry of independent power producers (IPP) and if Japan, which has technology
and funds, can independently operate thermal power plants in China.

(2) Cooperation in diffusion of clean coal technology (CCT)

Although China is the world’s largest coal producer and consumer, it lags behind in clean utilization of coal. On the
other hand, Japan, which faces resource constraints and environmental constraints, achieves the world-level CCT. Japan’s
cooperation with China in areas centering on technology transfer, technological development in China, and human resources
development will not only contribute to resolution of air pollution, cross-border acid rain pollution, and global warming through
restraint of coal consumption, it will also contribute to a stable supply of coal in Japan. In addition, since China has a large resource
of coal seam gas, Japan-China cooperation in development and utilization of such gas will have high potential and are extremely
beneficial for both countries. Furthermore, one way to reduce emissions of CO,, SOx, and pollutants throughout the Northeast
Asian region would be to reduce low-efficiency coal-fired power plants in China and expand cutting-edge coal-fired power
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adopting CCT in Japan

Figure 6-1 Common energy-related problem for Japan and China and areas for cooperation
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Environment-related mutual cooperation

- Joint measuring and route identification of cross-border pollutants

- Support of China’s development of pollutant prevention technology
- Joint development of water-saving technology and systems

- Support of China for afforestation projects

- Mutual cooperation toward establishment of environmental protection systems
- Development of human resources related to environmental protection

(3) Cooperation in diffusion of renewable energy

The introduction of renewable energy can contribute to resolving all problems by substituting fossil energy. The
Chinese government is making efforts to introduce renewables, such as hydro electric power and wind power, in its Tenth
Five-Year Plan and medium to long-term energy development plan (2004-2020). It also established a related law in February
2005. However, development is delaying, with the existing installed capacity of hydro power being only 108 million kW despite
the presence of the developable resource of 380 million kW in 2004. Japan is also promoting the introduction of renewable, but it
is facing resource constraints and constraints in market capacity. To date, Japan and China have introduced nuclear power as one
of the trump cards for restraining fossil fuel consumption, but they face various problems such as nuclear power security.
Therefore, they would be able to somewhat ease the nuclear power-related problems through the development and introduction of
renewables.

Moreover, while Japan and China are both striving to develop fuel-cell cars as clean energy cars, they have not
sufficiently considered securing hydrogen to be used as the fuel. It would benefit both Japan and China to jointly establish and
operate hydrogen manufacturing and supplying stations based on Chinese renewables such as hydro power and wind power in the

long term.
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(4) Cooperation in diffusion of natural gas

Natural gas is cleaner than coal and oil, so its introduction will contribute to resolving environmental problems. In
addition, since abundant natural gas resources exist in Sakhalin, East Siberia, West Siberia, and Central Asia, which are
geographically close to Japan and China, introduction of natural gas will also contribute to a stable supply of energy and energy
security. At the present stage, Japan is mainly considering import through the natural gas pipeline of the Sakhalin route and China
mainly through the transcontinental route, but from the viewpoint of fund procurement, economical efficiency, and price
negotiability, joint promotion including consolidation of the routes would be necessary. Furthermore, gas demand must be
expanded in order to realize an international pipeline network, and the most effective way to create demand would be to introduce
gas-fired power in electric power supply as a bulk user. In cooperating within Northeast Asia—mainly between Japan and
China—the most beneficial measures by Japan, in addition to technology transfer of gas combined cycles and cooperation in gas
development, would be to promptly establish a domestic trunk pipeline network similarly to the Republic of Korea, to actively
participate in the feasibility study (FS) of multilateral pipeline projects, and to reform the current parallel structure where the power
industry and gas/oil industries exist independently into a tandem structure (Hirata and Hoshino, 1999).

(5) Establishment of a joint oil stockpiling system

Oil stockpiling contributes to a stable supply of energy and energy security as a means to deal with emergencies, such
as oil crises. Japan has total oil stockpiling for 169 days (fiscal 2002) in the public and private sectors combined, and can share oil
with OECD countries. Meanwhile, as its first phase, China has been reported to have a plan to establish a stockpiling system for 90
days of import volume by investing about 100 billion yuan over the next 15 years and to build stockpiling bases for supply for 30
days in four ports located in Zhoushan City in Zhejiang and other areas by 2005. However, whether or not this is a government
plan cannot be confirmed.

Yet it is a fact that the government has been promoting the establishment of a stockpiling system, prompted by the
rapid increase in oil import. It would be important to establish a joint stockpiling system, in which China utilizes Japan’s
stockpiling bases or Japan domestically holds the minimum stockpiling required and shares a part of China’s stockpiling by
helping China establish the stockpiling system, or to establish an emergency oil sharing system.

In the case of building joint stockpiling bases in China, the bases must be located in the eastern regions, which are
geographically close to Japan. In addition, even if China becomes an oil importer, it has domestic oil resources, which also serve
the role of oil stockpiling. In that sense, establishment of a Japan-China joint stockpiling system that takes China’s oil resources

into consideration will be considerably beneficial for the energy security of Japan and China.

(6) Utilization of the clean development mechanism (CDM)

One of the most contributory means of Japan-China cooperation is utilization of the CDM. It is said that, in order for
Japan to achieve the targeted reduction in the greenhouse gas emissions promised under the Kyoto Protocol (reducing the average
annual emissions from 2008 to 2012 by 6% compared to the 1990 level), it needs to conduct emissions reduction projects overseas
and use the generated credits to a certain extent. The emissions reduction method to be applied in these projects would be an
important choice that affects Japan’s national interests. As indicated in Table 6-2, considering the economic effect, the effect of
improving the environment in the Asian region, and the securing of Japan’s leadership in Asia, implementation of CDM in the

Asian region, such as China, would be more advantageous for Japan than CDM cooperation with other developing countries,
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cooperation in joint implementation (JT) with developed countries or countries shifting to a market-oriented economy, or emissions

trading (ET) in the CO, emissions market.

Table 6-2 Importance of CDM in Japan

Kyoto mechanism Place of Effect to Economic Effect of Effect of Effect of Total
implementation lower the CO, effect improving the increasing the securing effect
reduction cost environment in presence in resources
Asia Asia
Clean development | China O O O O O ©
mechanism (CDM) | Other Asian countries O O O O O ©
Other developing O O X X Middle East O
countries
Joint OECD countries O ? X X X AN
implementation (JI) | Russia, etc. O ? ? X O O
Emissions trading | CO, market O X X X X A
(ET)

Note: The order of total effect = the order of choice: ©>O>/A>A

Lastly, in the process of resolving energy problems, huge business opportunities are expected to emerge centering on

energy conservation business, environmental business, and business of expanding supply capacity and improving infrastructure.

The industrial sectors of Northeast Asian countries are expected to strengthen cooperation in private businesses by securely seizing

these opportunities, and to play the role of encouraging government-level negotiations toward formulation of the Northeast Asian

Energy Community.
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