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Mitigation Country Study — China

1 Energy profile and trends in China

Because of rapid economy growth, total primary energy consumption increased from
400Mt-Ce in 1978 to 1970 Mt-Ce in 2004, with an annual average rate 5% (see figure
1). Coal is the major energy in all energy use, taking share of 70.7 in 1978 and 67% in
2004 in total primary energy use (see figure 2).

Figure 1. Energy production in China
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China is the largest coal producing and consuming country of the world. Between
1980 and 2004, total raw coal output increased from 620 Mt to 1970 Mt, the average
annual growth rate is 5%. China’s coal consumption accounts for 29.6% of the world
total in 2000. Coal plays an important role in the development in China. It is not only
the main fuel of industrial sectors, but also important residential energy and chemical
feedstock. In China, coal is mainly used as electricity generation, heating supply,
cooking, residential living, chemical industry, building material etc.

From 1980 to 2004, total installed capacity increased from 66 GW (of which
hydropower is 20 GW, accounting for 31%) to 420 GW (of which hydropower is 110
GW, accounting for 25%). In the same period, electricity output increased from 300
TWh (of which hydropower is 58 TWh, accounting for 19%) to 220 TWh (of which
hydropower is 310 TWh, accounting for 17%). During this period, both the average



growth rate of installed capacity and electricity consumption reached as high as 8.3%
per year. The major consumers are industry, residential living, agriculture, commerce,
transportation and communication, and construction, in 2004, their shares were 74%,
11%, 4%, 2%, 2% and 1% respectively.

Figure 2. Primary energy use in China by energy
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The electricity industry made a considerable achievement in energy conservation.
During the 1985-2004 period, specific coal consumption for electricity supply and for
electricity generation decreased from 431 gce/KWh and 398 gce/KWh to 380
gce/KWh and 360 gce/KWh.

China’s nuclear power industry is at the beginning stage, at present, there are 3 units
that are operating. The total installed capacity is 2100 MW. One of the three units is in
Qinshan Nuclear Power Station (first stage), which capacity is 300 MW, and the other
two are in Dayawan Nuclear Power Station, which capacity is 900 MW each. In 2004,
nuclear electricity output is 14.2 TWh. There are 8 units with total capacity of 6600
MW which are ongoing constructing.

Between 1980 and 2004, total crude oil output increased from 106 Mt to 167 Mt
(average annual growth rate is 2.1%). Of the total oil output in 2004, 149 Mt is
produced in land, and the rest 18 Mt is produced in offshore. Crude oil output in China
accounts for 4.7% of the world total.



In 2004, total natural gas output in China is 33 billion m® Total natural gas final
consumption is 27 billion m*, of which 6.00 billion m®is used for producing chemical
fertilizer and other chemical products, 14.5 billion m?, is used as industrial fuel and 5.2
billion m* is used for urban residential uses.

Two-thirds of China’s energy is now supplied by coal, which when burned releases
sulfur and particulates causing severe air pollution problems. Coal use, of course,
releases twice as much carbon dioxide per unit of energy than gas combustion. China
has abundant coal resources and has for a long time used this fuel to provide the bulk
of the nation’s energy needs. But in order to take advantage of cleaner-burning, more
efficient fuels, China is reducing coal’'s dominant position by increasing the share of
natural gas, oil, hydropower, nuclear power, and renewable energy. The current
five-year plan sets goals of improving the energy infrastructure, increasing the share
of energy provided by natural gas, and reducing coal use through various measures.
This shift will directly reduce greenhouse gas emissions, compared to using coal to
provide the same amount of energy.

Figure 3. Wind Development Review in China (MW)

3000.0
2500.0 -

2000.0 -

1500.0 -

1000.0

500.0

0.0
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

‘DAccumuIated B Annual ‘

Source: Li Junfeng & others, China Renewable Energy Status Review, China
Power, 2006, Volume 12.

The use of renewable energy resources plays a strategic role in maintaining balance
between energy supply and demand in China; and the Chinese Government has
therefore consistently promoted the development of renewable energy. China enjoys
very rich renewable energy resources. At present, traditional, non-commercial
renewable energies (e.g. fuel wood) provide China with energy of over 210 million
tons of standard oil equivalent (toe) annually. Small hydropower installations provide



about 100 billion kilowatt hours (kwWh) of power annually, accounting for five percent
of China’s total electricity output. Adding in other renewable resource applications,
China’s total annual use of renewable surpasses 12,000 Petajoules (PJ), accounting
for 15% of the nation’s total energy use. And the commercial based renewable energy
took only about 7.5% of the total national energy use. After the Renewable Energy
Law to be effectiveness on January 1 of 2006, all the redeemable energies have been
developed very fast. Such as the wind, it was doubled in 2006 compare with 2005.
See Figure 3.

2 Current emission status & trend
2.1 National greenhouse gas inventory

The National Greenhouse Gas Inventory for China in the year 1994 includes
estimated net anthropogenic GHG emissions from the energy sector, industrial
processes, agriculture, land-use change and forestry, and wastes, and reports on
emissions of such gases as carbon dioxide (CO,), methane (CH,;) and nitrous oxide
(N2O).

The energy activities inventory mainly covers emissions of CO, and N,O from the
combustion of fossil fuels, emissions of CH, from coal mining and post- mining
activities, fugitive emissions of CH,4 from oil and natural gas systems, and emissions
of CH,4 from the burning of biomass fuels. The industrial processes inventory includes
emissions of CO, in the production processes of cement, lime, iron and steel, and
calcium carbide, as well as emissions of N,O in the production process of adipic acid.
The agricultural activities inventory covers emissions of CH4 from flooded rice paddy
fields, animal enteric fermentation and manure management as well as emissions of
N,O from croplands and animal waste management. The land-use change and
forestry activities inventory mainly covers changes in the stocks of forests and other
ligneous plants as well as emissions of CO, due to the conversion of forests to
non-forest land. The waste treatment inventory mainly covers emissions of CH,4 from
treating municipal solid waste and that from treating municipal domestic sewage and
industrial wastewater.

The 1994 Inventory has been prepared with methods provided by the Revised 1996
IPCC Guidelines for National Greenhouse Gas Inventories and using IPCC Good
Practice Guidance and Uncertainty Management in National Greenhouse Gas
Inventories as a reference. The inventory agencies established the technical
approaches for developing the 1994 National Inventory on the basis of defining
China’s sources of emissions, ascertaining the key sources of emissions, the
availability of activity data and emission factors and analyzing the applicability of the
IPCC methodologies.



According to the estimated results, China’s total net emissions in 1994 are: CO,, 2666
million tons (728 million tons of carbon equivalent), among which emissions from
energy activities amount to 2795 million tons and emissions from industrial processes
amount to 278 million tons whilst emission removals by sinks from land-use change
and the forestry sector amount to 407 million tons; CH,4, 34. 29 million tons, among
which emissions from agricultural activities amount to 17.2 million tons, emissions
from energy activities amount to 9.37 million tons and emissions from waste treatment
amount to 7.72 million tons; N,O, 850,000 tons, among which emissions from
agricultural activities amount to 786,000 tons, emissions from industrial processes
amount to 15,000 tons and emissions from the energy sector amount to 50,000 tons.
Calculated according to the Global Warming Potential (GWP) values provided by the
IPCC'’s Second Assessment Report, China’s total GHG emissions in 1994 was 3650
million tons of CO, equivalent, with CO,, CH, and N,O contributing to 73.05%,
19.73% and 7.22% of the emissions respectively.

2.2 GHG emissions change trend

With the rapid economic growth, environment problems have occurred in many cities
and regions. Air pollution, water pollution, soil degradation etc. are the most serious
problem in China. Because of large amount coal use, China is the largest emitter of
SO,. More then eleven provinces suffered acid rain damages.

China has begun to make environmental protection a policy priority. Sustainability has
become a key concept for Chinese government, and the government has formulated
policies and measures toward goals of sustainable development.

China has also increased its attention to matters directly related to climate change.
The government established the inter-ministerial National Climate Change Policy
Coordinating Committee in 1990, making it responsible for policies and measures to
address climate change. China signed and ratified the United Nations Framework
Convention on Climate Change in 1992, and ratified the Kyoto Protocol. The
government has cooperated with other governments and multilateral organizations in
a number of international programs in the broad field of climate change. For example,
there have been five “joint implementation” projects conducted in cooperation with
Japan, Norway, and the United States.

China ranks second among nations in greenhouse gas emissions, mainly as a result
of fossil fuel combustion. This fact is mainly comes from the context of China’s large
population, which is more than four times that of the United States, the world’s largest
emitter. Chinese decisions nevertheless profoundly affect global emissions growth,
and these decisions are, as elsewhere, driven by trends in economic development,
local environmental protection, and technological change. Development policy in
China has reduced its emissions growth well below expected levels, however, and a
convergence of environmental issues with development imperatives offers an ongoing



if uncertain opportunity to continue to slow emissions growth.

By using IPCC emission factors and some revised emission factors in China, CO,
emission in energy sector was calculated and is shown in figure 4.

Figure 4. CO, Emission through energy use
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The trend of Carbon emission from energy sectors was as following: Before 1980, the
carbon emission growth rate was above 10%, in average; During 1981 to 2002, due to
the energy conservation, the carbon growth rate was 5% or below; Especially during
1987 to 2001, the emission growth rate even below than 5%; However, after 2002, the
emission growth rate in higher than 5%, especially in year 2003 and 2004, the
emission growth rate as high as was 15%. In the year 2005, Chinese government
recognized the serious situation of energy consumption growth, a 20% reduction of
GDP energy use had been proposed and the energy growth rate in 2006 became to
slower than it was in 2003 and 2004.

3  Projection of carbon emission
3.1 Development projection in China
In 2005, new economic development targets have been made by Chinese

government through the national development strategy and planning. It was planned
to be quadrupled of the GDP of the year 2000 by 2020, with a well-off society in an



all-round way. It is first time sustainable development appeared in the documents of
Chinese government.

Studies for population growth in China suggested it will be around 1500 million by
2030. Scenario assumption for population from selected studies is shown in table 1.

Table 1. Population projection in China (million)

1990 2000 2010 2020 2030

Population in IPAC 1141 1284 1393 1472 1539
Urban population in IPAC 302 413 531 633 754
Rural population in IPAC 840 872 862 839 785
Population from CASS 1141 1330 1480 1518 1550

Urban 302 500 735 870

Rural 840 830 783 680
Population from Chen Xi 1141 1282 1400 1500 1560
Kang:

Medium Case

High Case 1141 1297 1420 1530 1595

Low Case 1141 1276 1380 1470 1520
Population from ERI 1141 1304 1415 1496 1558

Source: Low carbon emission energy scenarios analysis, ERI publications, 2003

For the GDP development trend presented, there are various studies by many
institutions, such as ERI, IEA and other. All studies show GDP growth in will keep fast
for next several decades. Basic trend follows government targets, which aimed GDP
per capita will reach the level of OECD countries at beginning of 1990s by 2050. And
more recently in the beginning of this year, Chinese government announced economy
development goal by 2020 as four time of GDP compared with that in 2000. That
means the average GDP growth rate will be 7.18% for next twenty years, giving China
one of the rapidest countries in the world.

3.2 Energy demand projection in China

China is a developing country so that economic development is its first objective.
Various forecasts show that in the future time of period, the economy will continue to
grow. The ERI analysis shows that by 2020, when the overall well-off society is
realized through structure optimization and benefit improvement, the GDP will reach
4300 billion US$ with the annual growth rate averaged at 7.2% and the per capita
GDP will reach or exceed 3000 US$. At that time, the overall national power and
international competitiveness will grow significantly, industrialization will be achieved
and the share of city and township population will increase greatly.



In the meantime, China is still in the process of industrialization thus the industry is
playing a key role in the economic development. The high-input and high output
growth pattern will sustain for a certain period of time. Although in the past, present
and future, energy conservation has always been the focus of the national
government which strongly promote energy saving and efficiency improvement,
energy demand will grow inevitably. When in 2020 the GDP quadruples compare to
the 2000 level, the iron and steel, non-ferrous industry, petrochemical, chemical and
cement industry will accelerate; automobiles and household electric appliances will
flood into households as the result of improvement of living standards; the
urbanization will progress rapidly and energy use for buildings and domestic purposes
will grow considerably. Based on the energy consumption growth pattern for the past
three years, by 2020, the annual energy demand will be as high as 4 billion tce. The
huge demand will impose serious problems on coal, oil and electricity supply as well
as energy security. Based on the energy mid and long term development plan which
takes fully into account energy saving, by 2020, energy consumption will still reach 3
billion tce. The per capita energy consumption will be around 2 tce, close to the world
average per capita level then.

There are several energy scenario studies in China. However, there is now official
public energy projection available and the follow results are only the projection
calculated by the authors. The two scenarios are defined as follows:

¢ Baseline scenario: This scenario gives a basic trend to describe future
economic activities. There will be better international trading and China’s
economy will be part of global economy. Therefore China could rely on
international markets and energy resource imports to meet part of its energy
supply needs. Primary energy demand in the baseline scenario could go to 3
billion tce in 2010 and 4 billion tce in 2020 in the baseline scenarios.

+ High efficiency demand scenario: This scenario presents a high efficiency
demand for energy in the future. The major driving force is China's 20%
reduction of per GDP energy use regulation, which indicated that by 2010,
the per GDP energy use will be reduced 20% compared with the level of
2005. Base on this assumption, the primary energy demand in the baseline
scenario could go to 2.8 hillion tce in 2010 and 3.4 billion tce in 2020. As the
contrast, the total energy use reduction in high efficiency scenario will be 200
and 400 million toe respectively in 2010 and 2020, compared with the
baseline scenario.

3.3 General projection of carbon emission in China

Besides the high efficiency programs, Chinese government has also launched a
renewable energy development program and indicated that the renewable energy use
rate will be increased from 7.5% in 2005 to 10% in 2020 and 16% in 2020 respectively.
The two policies will be the major driving force for the reduction of carbon emission in



China. The total carbon emission in 2010 and 2020 will be about 5930 and 6757
million ton of CO, by 2010 and 2020 respectively.

3.4 Carbon emission projection by sectors
3.4.1 Sector analysis of emission reduction

China is in the period of industrial development, the resource consumption proportion
of the second industry reach to 50%, compared with 30% of those in developed
countries and 34.7% of world average. Nowadays, China is with highest energy
consumption per average GDP, which is higher than those in developed countries and
at the same time, higher than those in developing countries though they are with the
same average GDP as China. The status of China is with low energy efficiency,
laggard whole economic and technical level, and unit energy consumption of main
industrial products is 140% of those in developed countries. Meanwhile, compared to
developed countries, Chinese energy exploitation efficiency is 30% less, energy
process and transform efficiency is 5%, terminal energy efficiency is 10% less than
those in developed countries. Therefore, energy conservation, energy efficiency
improvement and renewable energy development become the main technical
measurements to achieve the target of emission reduction.

Electric power department, industry department and transport department are the
main departments to reduce emission in the next several years of China. In the next
20 years, the technical potential of emission reduction in these departments will be
approximately 70% of whole technical potential. Compared with traditional technology,
adopting advanced technology and low carbon emission technology will be with great
potential to reduce CO, emission. However, in order to achieve these technical
potentials, it is needed to pay huge efforts and to overcome several barriers from
technology, economy, politics, culture, society, behavior and (or) system.

3.4.2 Electricity power sector

With the high-speed development of economy, electric power demand of China has
grown rapidly in the past 20 years. By the end of 2005, total installation capacity
reached to 0.52 billion KW. Because coal will conduct electric power and thermal
power generation in the future, it is obviously that this department will be the main
department to reduce emission. The target not only reducing emission but also
improving environment, will be reached by adjusting system stature, improving
efficiency of generator and utilizing new, clean and high efficiency technologies, such
as CFBC, IGCC, PFBC, APFBC and GTCC. Up to 2020, total installation capacity of
coal generator will reach to 600 GW from 330 GW 2005. Unit coal consumption will
decline 18.8%, from 392 gce/kWh in 2005 to 320 gce/kWh in 2020. Compared with
2000, in 2020, the potential CO, emission reduction of coal generator will be 0.15
billion t-C.



3.4.3 Industry sector

Industry department is one of main energy consumption department of China with
energy consumption in 2005 of 1.4 billion tce, where the energy consumption of
chemical, iron and steel, and building materials was 0.8 billion tce, amounting to over
50% of total energy consumption of industry department. Though unit energy
consumption is declined obviously in recent years, there is a big gap compared with
international advanced level.

In the past many years, because coal consumption is the main part of Chinese energy
structure, the whole energy industry system lagged international level. From 1980s,
industry facilities increased rapidly. Except for some facilities with advanced
international technical level of 1980s, most of them were with technology out of date,
which, therefore, caused lower energy efficiency than energy efficiency in developed
countries. Hence, the main strategy of CO, emission reduction is to increase the
utilization efficiency of energy and its raw materials, to import advanced manufacture
processing and technologies, to improve energy consumption structure, and to
recycle CO, and other useful gas from waste gas. According to result from national
R&D institute, up to 2020, whole industry energy conservation of China will be 0.6
billion tec, which equal to reduce 0.39 billion t-C of emission.

3.4.4 Transport sector

The increasing energy demand of transport department of China will keep a high
speed and will impact whole national energy demand and environment protection
issue. The reasons are continuous increase of Chinese economy, speedup transform
trend from rural area to township and city, improvement of resident income and living
quality, and speedup trend of private car. In the period of 2000 to 2004, the amount of
Chinese automobile has increased with the annual rate of 11%. Meanwhile, private
car’s annual increasing rate is 22%. It is predicted that the amount of Chinese
automobile will keep increase in the next several decades.

In 2005, crude oil import of China exceeded to 0.1 billion ton and reached to 0.12
billion ton, which increased 34.8% compared with the amount of 2003. Besides import
crude oil in 2004, China also imported 37.88 million tons of other petroleum products,
which increased 34.1% compared with the amount of 2003. It is predicted that, up to
2020, petroleum demands of China will reach to 0.6 billion ton, however, domestic
supply will be no more than 0.2 billion ton. Therefore, 60% of petroleum will depend
on import. As same as building materials, in 2020, transport department will become
one of main priority emission reduction field and main green-house gas emission
factor.

Because road transport is main consumption part of transport sector, there are two
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measurements to reduce green-house gas emission. One is to improve engine
technologies therefore to increase energy efficiency and conserve energy. The other
is to use substitute fuel such as natural gas, liquefied petroleum gas, and electric
motor, therefore to reduce the dependence on petroleum. According to the research
results from national R&D institute, in 2020, compared with 2000, its CO, emission
reduction potential will be more than 40 million t-C.

3.4.5 Building sector

Average housing area per person can indicate the economic development level of its
country. It is shown from experiences all over the world, when the average GDP per
person reach to $800, the building industry will come into the period of rapid
development. Before reaching 30 to 35 m2 per person, this demand will keep for a
long time. In 2004, average GDP per person of China exceeded to $1000, and the
development of building industry is on the way of a blooming period. According to the
forecast from the World Bank, at the year of 2020, 70% of the amount of Chinese civil
buildings will be built after 2000.

Some building energy consumption facilities, such as heating, air conditioning, lighting,
hot water and home appliances, will increase rapidly in the future. The reasons are
the increase of building area, the improvement of civil living conditions and civil
housing, the increased use of home appliances such as heating and air conditioning,
and the increased demand for a comfortable indoor environment. Besides, with the
development of the third industry, the amount and energy consumption of those apart
from civil buildings will increase continuously. It is shown from the information of
building department, in 2003, energy consumption related to buildings reached 0.376
billion tce which occupied 31% of the whole terminal energy consumption of China.
This figure was near to that in developed countries. In all building area, 60% are for
living, in which 75% energy consumption is from heating, air condition and lighting.
Therefore, building department has become a new energy consumption and high
quality energy demand department.

In 2005, person average living area is 27 m? which is 45-60 m? in developed
countries. According to the research of the building department, the living target of a
overall welfare society is 35 m2 per person. Therefore, up to 2020, the living area of
whole China will reach to 50 billion m2. If the present building energy consumption will
be kept, in the year of 2020, the total building energy consumption will exceed to 0.8
billion tce, which is the whole terminal energy consumption of China in 2000.
Therefore, it is obviously that building department will become one of the prior
department to green-house gas emission resource and emission reduction.

The development targets for future building energy technology are to utilize advance

energy service technologies and to invest environment protection with low costs. It is
shown in IPCC research, there are more than 200 new technologies and energy
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conservation technologies can be used in the building department. Most of them have
been commercialized, though they are not used properly. Some of latest technologies
include building complex design, PV building integration system, building distributing
generation system and traditional energy utilization technologies, such as cooking,
heating appliance and other home appliance. High efficiency, clean heating
technology, solar thermal utilization and biogas technologies are main trend in the
future. The utilization of these technologies will reduce emission. According to the
research from relevant R&D institute, compared with 2000, in 2020, the CO, emission
reduction potential will exceed to 0.1 billion t-C.

3.4.6 Summary

The targets will be reached by taking above measures. The detailed targets are: in the
year of 2010, the energy consumption of GDP per 10000 Yuan will decrease to 2.25
tec from 2.68 tec in 2002. From 2003 to 2010, annual energy conservation rate will be
2.2%, which will save 0.4 billion tec. In the year of 2020, the energy consumption of
GDP per 10000 Yuan will reduce to 1.54 tec. From 2003 to 2010, annual energy
conservation rate will be 3%, which will save 1.4 billion tec, equaling to 111% of the
planning energy generation increment (1.26 tec) of this period. 21 million ton CO,
emission will be reduced. In the year of 2020, 0.7 billion ton carbon equivalent will be
reduced this year. Industry is the major energy consumer is China and total energy
use in industrial sector takes about 70% and the energy use in transportation sector
currently is relatively small and it took only about 7.5% in 2004 and the residential &
other takes about 25%. However, based on the industrial structure changes, the
energy use by sectors will be changed to about 56% of industry, 15% of transportation
and 29% of residential and others. Therefore, the emission by sectors will calculated
based on total energy use and energy structures.

4  Government policy for reducing the carbon intensity of growth and overall carbon
emissions

4.1 Issues and challenges of development in China

China is the most populist country in the world with fragile ecological environment,
significant climate variation and vulnerable to the adverse effect on climate change.
The coal dominant energy structure, urbanization, industrialization and improvement
of people’s living standards will cause GHG emissions continue to grow. China has
faced unprecedented serious challenges which are:

1) Pressure on China to limit its GHG emissions from developed countries is
intensified. After the Kyoto conference, some developed countries argued that the
Kyoto Protocol sets reduction targets from developing countries, therefore demanding
actions from major developing countries such as China and India. The US even
clearly positioned that developing countries’ participation is one of their conditions for
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ratifying KP and should be linked to financial mechanisms under the Convention.

2) Challenge to the existing development and consumption patterns. The
conventional consumption and production pattern in China is resource intensive and
unsustainable and impose threat on social and economic development. Although
each country has the choice of development path, there is no exception in the world
about the law of development process. The history and trend in every country in the
world show that there is a clear link between per capita commercial energy
consumption and the level of economic development. The current technology level
and consumption pattern can only allow high per capita energy consumption level in
order to achieve the development of industrialized countries. There is ho precedent in
the world until now that high per capita GDP level can be supported by low per capita
energy consumption. Hence, it is a great challenge for China to explore a new
sustainable consumption and production path.

3) Challenge to the existing coal dominant energy structure. China is one of the few
countries in the world that relies on coal which accounts fro 67% of national primary
energy consumption. Compared to oil and gas, the per unit heat value CO, emissions
of coal is 36% and 61% higher respectively. On the other hand, energy structure
improvement is dependent on energy resources and energy use efficiency
improvement is constrained by technology and capital availability. The existing energy
resource and consumption structure impose significant challenge on CO, emission
control in China.

4) Ecological environment is vulnerable and susceptible to adverse effects of climate
change which challenge the adaptation to climate change. It is observed that the
effects of climate change on China are: sea level increase, reduction of glacial in the
northwest, the decrease of tundra in Tibet, early spring, the expansion of drought area
in the north, more floods in the south and bleaching of coral reefs. The future climate
change will continue to affect the natural ecological system as well as social and
economic development. The most significant effects are on agriculture and husbandry
production, forestry and grassland, water resources and coastal environment and
ecological systems, characterized by negative effects of which some are irreversible.

4.2 Sustainable development related national policy

In order to address the above-mentioned conflicts, the national government has
adopted three measures in energy field, namely enhanced energy conservation that
result in significant improvement of utilization efficiency of energy and various
resources; use international resources such as oil and natural gas and acceleration of
renewable energy development. To realize these measures, a series of laws,
regulations and policies have been formulated which contain the following that are
most relevant to sustainable development and climate change.
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1) A science directed development path is adopted and resource conservation and
environmentally friendly society shall be established: The economic growth pattern
shall be changed quickly. The national policy stated that resource conservation is the
basis, a circular economy should be pursued, ecological environment should be
protected, harmonious development between economy, population, resource and
environment shall be promoted in order to establish a resource conservation and
environmentally friendly society. A new type of industrialization process shall be
consolidated and development shall focus on conservation, clean, security and
sustainability.

2) Formulate and complete various laws and regulations in order to promote energy
conservation and renewable energy development: In 1998 and 2005, the government
promulgated the Energy Conservation Law of PRC and Renewable Energy Law of
PRC respectively. The two laws provide legitimacy of energy conservation and
renewable energy development in the country. At present, the government is
considering the formulation of Energy Law and amending Energy Conservation Law
and Electric Power Law. These activities will benefit energy conservation and
renewable energy development.

3) Government planning that directs companies and the entire society to conserve
energy, increase energy efficiency and develop renewable energy: In 2004, the
national government promulgated the Energy Conservation Mid and Long Term Plan
with the targets for 2010 and 2020. At present the government is formulating the
Renewable Energy Mid and Long Term Plan which will put forward the objectives and
measures of developing renewable energy in 2010 and 2020. A target of 10% and
16% of renewable energy will be deployed in China by 2010 and 2020 respectively.
The recently published the Outline of Tenth Five-Year-Plan for National Economic and
Social Development for the first time included the targets such as “the energy use per
GDP shall decrease 20%”", “encourage the production and consumption of renewable
energy of which share in the primary energy consumption shall be increased”. These
provisions will consolidate the implementation of energy conservation law and
renewable energy law.

4) Build new villages and close the gap between urban and rural areas as well poor
and rich: The state will implement an integrated social and economic development in
urban and rural areas as the basic strategy. In the course of urbanization, the new
rural society shall be promoted characterized by production and development, well-off
living, rural civilization, tidy environment and democratic management. There are
special requirements on energy saving and renewable energy with regard to the
building of new villages such as conserve land use, energy saving and environmental
protection, sound rural and village planning. House building shall be guided by the
principle that traditional style shall be preserved, while biogas, straw for power
generation, small hydro, solar power and wind power shall be promoted actively.
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5) Develop regional and global cooperation program for clean energy: Currently,
China is the member of APP ( Asian and Pacific Clean Development Partnership),
member of GBEP (Global Biomass Energy Partnership) and member of IPHE
(International partnership of Hydrogen Energy) and others. Especially, Chinese
government already spent about 2 billion Chinese Yuan for hydrogen energy and
other related programs. 4 fuel-cell buses have been running in Beijing and Shanghai.
China is also interested in the international cooperation of carbon sequestration.

6) China ratified the Kyoto Protocol in 2002 and it is one of the largest CREs sales in
the world. Currently about 300 projects of CDM have got the letter of approval (LOA)
and more then 40 projects have been successful got the registration in the EB of
UNFCCC. The total CERs is around about 100 million tons CO,.

5 Financial and technological constraints restricting
5.1 Technical and financial risks of decarburization

The technical and financial risks of decarburization in different technologies are quiet
different. Here is the detailed analysis of the technical and financial risks for the major
technologies for the carbon reduction.

5.1.1 Renewable energy

Renewable energy utilization plays an important role in balancing Chinese energy
supply and demand. Chinese government’s attitude towards RE is quite positive and
supportive. Currently, the total amount of traditional renewable energy utilization is
more than 0.3 billion tce. Small-hydro power capacity is about 100 billion KWh, which
accounts for 5% of the total electric power capacity in China. Taking into
consideration of the new renewable technology, the total renewable energy utilization
will exceed 12000 PJ, equivalent t015% in Chinese energy structure. Emission
reduction potential from renewable energy sector goes as follow:

1) Wind power

With vast territory and extended coastline, China is a country with abundant of wind
energy resource. According to the assessment from China Meteorology Science
Research Institute, available terrestrial wind power is about 253 GW (10 m above
ground). And available offshore power is about 750 GW. Total available wind power of
China is 1 billion kwW. Among all the renewable energies, wind power generation is the
one that is most commercialized and could be utilized in large scale in the near future.

According to National Renewable Energy Development Plan, by 2010 and 2020, wind

power installation capacity will reach 5 GW and 30 GW respectively. This ten-year
period will act as a transition period for the wind power industry to take off to
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large-scale application. It's expected that the installation capacity will reach 0.15-0.2
billion kW by 2030 and wind power will be the third largest power source in China. The
CO, emission reduction potential of wind power by 2020 is 16 Mt-C.

2) Small-hydro power

According to the latest hydro resource survey, the available utilization capacity is 125
million kW, scattering in nearly 1600 counties (cities) in 30 provinces of China.
According to the National Renewable Energy Development Plan, by the year 2010
and 2020, the total installation capacity of small hydropower will reach 50 GW and 75
GW with power generation of 165 billion kwh and 250 TWh respectively. The CO;
emission reduction potential of small hydropower by 2020 is 60 Mt-C.

3) Biomass

Chinese biomass resource comes mainly from agriculture waste, wood and forest
residuals, and municipal waste. The total available resources are about 0.1 billion tce.
According to the National Renewable Energy Development, by the year of 2010 and
2020, the total power installation will reach 5.5 million kW and 20 GW with power
generation of 20 TWh and 80 GWh respectively. Meanwhile, biogas utilization will
reach 20 billion m3 and Liquid Bio-fuel is predicted to replace 10 million tons of
petroleum by 2020. The total CO, emission reduction potential of biomass utilization
by 2020 is 85 Mt-C.

4) Solar energy

China has extremely rich solar energy resources. According to estimates, the total
solar radiation hitting China’s land area annually is 5 x 10 kilojoules (1.2 x 10*°
kilocalories), equivalent to about 1700 billion tons of standard coal equivalent (tce).
Based on the distribution of the total radiation hitting China’s land surface, it can be
seen that Tibet, Qinghai, Xinjiang, the southern part of Inner Mongolia, Shanxi,
northern Shaanxi, Hebei, Shandong, Liaoning, western Jilin, the middle and
southwest parts of Yunnan, the southeastern part of Guangdong, the southeastern
parts of Fujian, the eastern and western parts of Hainan, and the southwest part of
Taiwan all receive a relatively large amount of solar radiation. In particular, areas on
the Qinghai-Tibetan Plateau receive the largest amounts of solar radiation in all of
China.

There are two major technologies for solar energy use in the world, one is solar
thermal and the other is the solar power. Currently, the main use of solar energy in
China is the supply of hot water to urban and rural areas. Solar water heater in one of
renewable technologies those are in commercialisation stage in China. China is with
the largest solar water heater market in the world and the industry is also in the first
site. The accumulated installed capacity of solar water heaters by the end of 2006
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was 100 million square meters of collect area, with an annual increase rate of 27% in
the passed ten years. At present, about 8% families are with solar water heater
systems. The production capacity of solar water heater in China is 12 million square
meters at present, with an annual increase rate of 28% in ten years since 1995. There
are over 1000 enterprises and the employees are over 150,000. Presently the issues
associated with integration of solar water heaters into buildings have already attracted
strong attention from relevant national-level and local government departments,
architects and real estate developers, and solar water heater integrated building is the
developing trend in this field. In 2010, it is expected that the installation areas of solar
collector will be 140 million square meters. In 2020 and 2050 total installed capacity
can reach 270 million and 500 million square meters, respectively, with the potential
to conserve 120 TWh in 2020 and 300 TWh in 2050. Potential reductions in peak
power loads resulting from these installed capacities will be 80 GW (2020) and 200
GW (2050), and the carbon emission reduction will be 29 million tons (2020) and 72
million tons (2050).

Solar PV is the major power generation technology of solar in China. PV modules are
used in both industrial and commercial applications and provide electricity to remote
rural areas and urban lighting applications. By end of 2006, China’s installed capacity
of PV systems in over 100 MW, of which about 50% is used to supply electricity to the
residents of remote rural areas, a market that is growing at 20% annually. From 2002
to 2004, China implemented a project of Songdiandaoxiang (renewable village
power), and PV systems with capacity of 17MW were installed. At present, apart from
the independent PV systems in remote areas without accessing power gird, China
began the demonstration of roof grid-connected PV systems, and has gotten technical
and engineering experiences. The industrial and commercial PV markets are also
relatively stable. China’s annual production capacity for urban PV lighting systems is
over 10 MW, accounting for 70% of the world total. In the year 2005 and 2006, around
8 solar PV manufactures are listed in the world stock markets, include New York and
Londun and the total annual PV production capacity is around 1500 MW and the real
production is around 300 MW, which takes about 15% of the world total.

The carbon reduction from solar will be mainly relied on solar thermal before 2020.
2010, it is expected that the total area of installed solar collectors will be 140 million
m?. In 2020 and 2050, total installed capacity may reach 270 million and 500 million
m?, respectively, with the potential to conserve 120 TWh and 300 TWh of electricity.
Potential reductions in peak power loads resulting from these installed capacities
could be 80 GW and 200 GW, respectively, with carbon emission reductions of 29
million tonnes and 72 million tonnes in those years.

5) Other renewable energy

Besides large-scale utilization of biomass, wind power, solar power and small
hydropower, Chinese government also pays attention to geothermal, ocean energy
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and hydrogen energy technologies. Several pilot projects and demonstrations in
geothermal power generation, wave power generation and geothermal heating and
cooling have been implemented. Geothermal pumping technology, in particular, has
already begun to play a significant role in building sector in China.

However, up to now only solar thermal utilization can produce a substantial amount of
carbon emission reduction. By 2020 and 2050, solar heater will replace power
generation of 120 billion kwh and 300 billion respectively. The total CO, emission
reduction potential of solar heater by 2020 is 79 Mt-C.

As the conclusion, the proportion of total renewable energy utilization is expected to
reach 10% in the total energy mix by 2010, and16% by 2020, With this development
capacity, The total amount of CO, emission reduction contribution from renewable
energy by 2020 will be 270 Mt-C.

The challenges and barriers for promoting renewable energy development are:

¢ Lack of consistent policy system to encourage long-term development of
renewable energy. Current policies and laws are incomplete and not
consistent with each other. Incentives under these policies and laws are
inadequate to sustain long-term and stable development of renewable
energy.

¢ Lack of necessary renewable energy resource survey and assessment. Due
to poor resource management system, man technical and economic feasible
renewable energy technologies can't be promoted widely and some
high-quality renewable energy resources are not exploited in rational way.

¢ Weak industry infrastructure for renewable energy technology development.
Except hydropower, solar heater and biogas, other renewable energy
industries are still infant industry. Most of the key technologies and
equipments are relying on import, which lead to difficulty to cut down product
cost.

¢ Lack of market mechanism for renewable energy promotion. Most of
renewable energy technologies are in weak competition position, which limits
the market expansion and sustainable development

5.1.2 Nuclear

Nuclear power generation will increase quickly in future, but still represents a small
share, because of its high cost. The model results shows that nuclear power
generation could only reach 256 TWh in 2020, compared with 16.7 TWh in 2002. The
installed capacity will be 40 GW in 2020. The technical risk nuclear power is the
ensure the raw material supply. And the financial risk of nuclear is the high cost and
public against opinions.
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5.1.3 Methane utilization

There are mainly two type of methane can be used for energy and one is the landfill
gas and the other is coal bed methane.

In China, the municipal solid waste (MSW) and the (LFG) are taken as biomass
resource from the view of energy utilization. However, considering the large
contribution of LFG to GHGs, LFG is taken as a special sector of renewable energies
in this report. At present, the annual MSW output is over 100 million tons, and over
80% are disposed by landfill. MSW in China is expected to reach 150 and 210 million
tons per annum in 2010 and 2020 respectively. In 2010, if 70% is disposed by landfill,
and considering annual 80 cubic meters of LFG is generated for one ton of MSW, the
annual LFG amount will be 8.4 billion cubic meters. And in 2020, If 60 percent of MSW
is disposed by landfill, about ten billion cubic meters of LFG could be produced.

China’s in-mine CBM recovery started from 1950s. Up to now it has a history for more
than 40 years. Up to the end of 2000, underground gas recovery systems and surface
gas distribution systems had been built in China’s 184 coal mines with annual
methane recovery up to 858 million m?, of which the annual drainage amount from
Fushun and Yangquan mining areas exceeds 100 million m3, respectively. However,
on the average the CBM recovery efficiency was not high, only 23%. China’s in-mine
gas recovery technologies have matured. The major task at present is to popularize
the use of high efficiency CBM recovery technologies and put various recovery
technologies into use to achieve comprehensive gas recovery as well as increasing
recovery efficiency.

With regard to CBM surface development, started from 1970s, surface CBM
pre-drainage tests were carried out in Fushun, Jiaozuo and other mining areas. China
started introducing overseas CBM technologies at the beginning of 1990s. Currently,
China’s CBM is on the stage of full-scale exploration and development. Up to now,
more than 200 surface wells have been drilled in China. The highest single well daily
output reached 16,000 m3.

In recent years, big progress is made in domestic enterprise-run CBM projects and
joint venture projects in China. Up to the end of 2000, 29 CBM wells had been drilled
by China United CBM Corporation (CUCBM), and a group of wells which contains 10
wells had been built in south east part of Qingshui basin. Of the 10 wells, 3 wells have
reached industrial gas flow with daily gas output 7000 m3, 10,000 m3 and 16,000 m?,
respectively. In 1999, China National Petroleum (QOil and Gas Group) Corporation
(CNPC) had also completed 6 pilot-wells group test, of which one well daily output
reached 7000 m*. In the foreign cooperation field, up to the end of 2000, CUCBM had
signed 11 product sharing contracts with 6 foreign companies Texaco, Arco, Phillips,
Lowell, Greka and Virgin, respectively.
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China’s CBM utilization started in the end of 1970s. In 1982, CMM utilization projects
were formally integrated by the government into the national investment plan on
energy saving and capital construction. Up to now, China has got approximately 60
CMM utilization projects started and put them into operation. In 2000, nearly 500
million m3 of CBM was utilized.

At present, CBM recovery is mainly drained from underground recovery systems.
There has been no industrial size methane recovery from surface wells. CBM
recovered from underground recovery systems is usually medium heating value gas.
Its methane concentration ranges from 30% to 50%. Such CMM is mainly used as
household use fuel and industrial boiler fuel. A small amount of mine methane is used
for power generation and chemical products making. The fuel gas supply in the city of
Fushun and city of Yangquan is mainly come from CBM recovered from the local coal
mining area. CBM power generation projects have been built in 3 China’s mining
areas. In Jincheng mining area a power plant (5.6 MW) which takes CMM as fuel, and
a CBM power plant (0.24MW) which uses CBM recovered from surface wells, have
been set up, respectively. There are 3 coal mining areas in China that use CBM to
produce carbon black.

The technical risk for both LFG and CBM is the collection of the gas and financial risk
of them is relative small due to them is the hot point of CDM project developers and
the income of CERs can be used reduce the financial risk of LFG and CBM utilization
in China.

5.1.4 Energy efficiency

There are a lot of national activities for energy efficiency, which are:

+ Energy Efficiency was list into the national priority areas: it was considered as a
crucial component of national energy and sustainable development strategy and
will be carried out on a long-term base to incentive the development of energy
conservation in the whole country.

¢ Facilitate the Industry structure adjustment: One major approach to build energy
efficient Industries and society is to facilitate the structure adjustment of
industries, productions and energy consumption.

¢ Technology innovations are encouraged, especially in the information industry,
an important driving force for economic increasing with low energy consumption.
The proportion of high-new tech industry in the national economic is expected to
increase constantly.

+ Price leverage: by strengthening the energy pricing reform, the price of various
energy resources is to be formulated in order. It is expected to create a price
incentive system in favor of energy conservation.

¢ Improving the legislation: including the amendment of Energy Conservation Law,
the formulating of subsequent implementation regulations etc. Legislation is an
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effective instrument to improve and supervise the energy conservation
development overall, and the legislation system framework shall be based on the
Energy Conservation Law, supporting by relevant regulations and standards.

+ Facilitate the development, demonstration and promotion of energy conservation
technologies: science R&D activities shall be taken for those general, crucial and
up-to-date energy conservation technologies, as well as the demonstration of
primary energy conservation projects, to contribute to the industrialization of the
technologies.

¢ System creation and innovation based on the market mechanism, that was to
promote 1) the setting of the information publication system; 2) the
comprehensive energy plan and the demand side management; 3) the
implantation of EE production certification and EE identification systems; 4)
Energy Performance Contracting system; 5) the investment guarantee
mechanism in order to improve the EE technology service system; 6) EE
Volunteer Protocol.

¢+ Enhance the energy conservation efforts in key enterprises: fulfill the Regulation
on Energy Conservation Management of Major Energy Consumption
Enterprises, and the Management Measures on Electricity Conservation, to
strengthen the supervising to those enterprises with annual consumption over
10,000tce.

¢ Promotion, training and capacity building activities: carried out the promotion
campaigns on a wide, intensive and long-term base to increase the public
awareness. To adapt the energy conservation into the school course, both for
conventional school and professional/technology education systems.

The major challenges and barriers for promoting energy efficiency are:

¢ Lack of awareness. Although the central government has put a great emphasis
on the energy conservation in the National Energy Development Plan. The public
and private sector still do not have a strong awareness on energy conservation in
their energy consumption pattern.

¢ Lack of effective implementation of currently regulation. The Energy
Conservation Law was established in 1998, but it has not been effectively
implemented.

¢ Lack of incentive policies. It has been proved from international experience that
energy conservation is the area where the market adjustment doesn't work very
well, which need the government guiding and directing from macro policy.

+ New market mechanism for energy conservation has not been applied popularly.
Most new energy conservation mechanisms are still in the demonstration and
pilot, such as DSM, EMC/ESCOs, energy efficiency labeling management,
voluntary agreement, etc.

¢ Lack of capacity in energy conservation technology development and promotion.
Energy conservation is depending on technical development. Due to the lack of
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fund. R&D on advanced energy conservation technologies in China is insufficient
compared with the huge market demand.

¢ Lack of energy conservation supervision and capacity building of energy
services organizations. There are 145 energy conservation service (technical
service) centers around China, most of which are assigned by government to
implement inspection and monitoring. However, the capacity of these centers is
quite weak on technical capacity, information dissemination, inspection facilities
and funding and human resources.

5.1.5 Hydrogen technology

The current market for hydrogen is divided into two segments: captive users, who
produce the hydrogen at the location where it is to be used, and merchant users, who
have their hydrogen delivered to the point of use. In the United States and worldwide,
the captive market is the larger, and includes chemical producers (such as ammonia,
methanol, hydrogen peroxide, and pharmaceuticals), refineries, fat and olil
hydrogenation, and metal production. The smaller merchant market serves industries
such as electronics manufacturers, float gas producers, and public utilities for
generator cooling in nuclear plants. Currently, most the hydrogen comes from the
conventional energy, such as coal and oil, it will be not a carbon free technology. Only
renewable energy or nuclear power based hydrogen can be recognized as the carbon
free technology. A recent study examined the potential for hydrogen production from
renewable resources, including solar and wind. The potential for hydrogen production
from wind and solar is very large. The study shows that the China has ample solar
and wind resources to meet its transportation fuel needs, and shows where those
resources are most prevalent. However, renewable energy systems face challenges
to reduce the cost of electricity and to independently meet the energy requirements of
distributed fueling stations.

5.2 The potential role of international cooperation in reducing these constraints
5.2.1 Multilateral cooperation
5.2.1.1 International organizations

There are several international institution which worked in China related to energy,
environmental and climate change issue, they are:

¢ UNDP: The priorities of UNDP in China are poverty, gender, equity,
development and environment. Environmental issues are local environmental
issues, not global issues. The energy unit of UNDP in China is thus having a
focus on development rather than global climate change. While as an
execution agent for GEF, which channel some climate change related fund to
China, UNDP has some work focus on climate change. All UNDP projects in
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China have to be approved and accepted by Chinese government, and the
major model of UNDP is to collaborate with the government agencies.
Regarding energy and environmental related issues, it's main partners in
China are NDRC, MOST and SEPA.

¢ World Bank and ADB: Priority: WB and ADB are financial institutions in China
focusing on sustainable development, with greatly influence on the market of
the renewable energy and energy efficiency. Current priority of their work is
on improving investment environment, rural development and sustainable
development. These two organizations do have some policy work, but which
is motivated by the concern of their investment profit in renewable energy
