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Potential and Cost Study on China’s Carbon
Mitigation Technologies

Abstract

Practice of global response to climate change shows that the technological
reduction is the real long-term means. The greenhouse gas emission reduction of the
present and the future will be highly dependent on innovation and implementation of
technology. To some extent, the cost, performance, and accessibility (IPCC, 2007 )
of some beneficial technologies for reducing the future emissions will be determined
by the cost and speed of climate change mitigation. The “Abatement Cost Curve”
(Mckinsey, 2008 ) issued by McKinsey clearly lists the abatement cost of various
technologies, suggesting that 27 billion tons of CO, emission reduction can be
realized by 2030, of which more than 70% can be achieved by available
technologies, and the remaining can also be achieved by the promotion of the
upcoming commercial technologies. Moreover, through the application of energy-
efficient technologies, emission reduction cost of 7 billion tons of CO, is negative,
which indicates that positive investment returns are achievable.

In “Energy Technology Outlook 2010” , International Energy Agency (IEA)
conducts an in-depth assessment about the current situation and prospects of the
existing and advanced clean energy technologies and other low-carbon technologies,
and proposes that sustainable energy development is possible, and science and
technology will be the key factor, in which low-carbon technologies on energy
efficiency, CCS, renewable energy and nuclear power are very important.

In the science and technology supportive projects of the 11th FYP in the field of
climate change proposed by the Ministry of Science and Technology, the combination
of the bottom-up and top-down models is applied to evaluate the key technology of
climate change mitigation and its emission reduction effect of our terminal department
in the macro and micro levels. Contents of China’s energy supply and the analysis

and evaluation of reduction technologies and potential of the terminal department are



included in the second part of the National Climate Change Assessment Report and
the second part of the Climate Change Science Assessment Report, composed by
almost a hundred experts jointly and organized by the Ministry of Science and
Technology, the National Weather Service and the Chinese Academy of Sciences. In
addition, the CDM Fund Grant project of Ministry of Finance, climate change coping
project of the Chinese Academy of Sciences, the IEA, McKinsey, LNBL as well as
numerous domestic and foreign research institutions have carried out the analysis and
research of the reduction potential and cost for sectors, industries or technologies of
China from different aspects.

Based on the related research results mentioned above and literature review, it
can be seen that due to the differences in the range, goals, questions to be answered
and focus on the research projects, the angles and the research methods applied by
the researchers, the depth and the breadth of the research results, conclusions and
the support for policies and so on are greatly varied.

The mitigation of climate change is an automatic selection that is in line with the
internal demand of national sustainable development. From the long-term
development perspective, China must take a low carbon development path suitable
for its specific national conditions, to promote the low-carbon transition and achieve
sustainable development. China has promised internationally the target of CO,
emissions reduction in 2020, based on which the intensity of CO, emissions per unit
of GDP will be decreased by 40% to 45% in 2020 compared with that in 2005. To
achieve this goal, China has developed related strategic plans and policies. In the
process of realizing emission reduction targets of China’s 11th FYP, technological
progress has played an important role. In the implementation of the 12th FYP and
the more long-term future carbon reduction planning objectives, the contribution of
technology will still continue to play a key role.

This study takes year 2020 as the target year, focuses on the analysis of energy
consumption and CO, emissions trends of transportation and construction sectors and
such four high energy consumption, high emission industries as iron and steel,
chemicals, non-ferrous metals and cement from the present to 2020, selects and
assesses in detail the reduction potential and cost of 92 key emission reduction
technologies, analyses the obstacles, investment and policy requirements of
implementing these key emission reduction technologies, estimates the potential
contribution of the emission reduction potential of these technologies to the decrease

of 40% to 45% of China’s carbon intensity of GDP in 2020 compared with 2005,
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and comes up with policies and recommendations to promote the popularization and
application of low-carbon emission reduction technology.

We hope that the results of this study can help policy-makers, business leaders
academics and other aspects with interest to make better decisions, and help them
find economically viable emission reduction technology with clear priority to cope
with challenges in the process of sustainable development.

The main conclusions and policy recommendations of this study are summarized
below.

(1) From present to 2020, the potential of improving energy efficiency
and reducing CO, emission in China’s iron and steel, chemicals, non-ferrous
metals and cement industries and transportation and construction sector will
still be big.

Energy conservation contributes not only to the growth of the national economy
greatly, but also to the mitigation of greenhouse gas emissions. However, compared
with the needs of national economic development and the international advanced
level , China’s energy intensity of GDP, energy consumption per unit of major energy-
consuming products, and the energy efficiency of major energy-consuming equipment
are far behind with varying degrees of gap, and the potential of conserving energy
and improving energy efficiency is still big. In 2012, the unit energy consumption of
major products of China’s iron and steel, chemicals, non-ferrous metals and cement
industries was still higher than the international advanced level (the average of the
leading countries in the world). The comprehensive energy consumption is 10 %
higher in the large and medium-sized iron and steel enterprises, 6% higher in the
cement industry, 10% higher in the caustic soda industry, 28% higher in the copper
smelting industry and 34% higher in the ethylene industry.

Compared with developed countries, the overall efficiency of energy use of
buildings in China is relatively low, including the insulation level of the building,
the operating efficiency of the heating boilers and air conditioners and other electrical
equipment which fall behind to a certain degree. And about 90% of China’s current
buildings are in the common problem of high energy consumption. From the
technological level, the technological advance and backward of the energy use
technology co-exist, while the proportion of the latter is much higher than that of the
former. The results showed that during the 11th FYP period, apart from the
significant decrease of energy consumption per unit area of centralized heating

buildings in the northern town along with the promotion of energy conservation work ,
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the energy intensity of the other types of buildings showed a rising trend year by
year. In 2010, the energy consumption intensity per unit building area increased
from 12. 5kgee/m” + a in 2005 to 14. 8kgce/m” - a, an average annual growth of
3.4%.

Due to the influence of many complex factors such as the macroeconomic
development, urbanization process, China’s transportation industry rapidly develops.
Compared with 2005, in 2010, only the holding volume of civilian vehicles
(including passenger cars, trucks and other cars) grew by nearly 2-fold, the holding
rate of civilian vehicles per thousand people grew by 1. 8 times, and the former is
about the same level with that of United States in 1920s and that of Japan in 1965.
In 2010, the average fuel consumption of China’s passenger car’s unit volume of
service is about 14% higher than that in Europe in 2006 and nearly 50% higher than
that in Japan in 2005.

According to the researching results, due to the continued growth of energy
services demand of our industry, transportation and construction sectors from present
to 2010, the energy consumption and CO, emissions will also show a growing trend.
In 2020, the CO, emissions of the iron and steel, chemicals, non-ferrous metals and
cement industries will increase from 3. 21 billion tons in 2010 to 4. 22 billion tons,
and from 22 million tons in 2010 to 3.22 billion tons in construction and
transportation sectors. The total CO, emissions of the four industries and two sectors
will account for 64% and 70% of the required CO, emissions of the 40% and 45%
emission reduction target scenario.

CO, emissions mitigation technologies and practices are in constant
development, and many of these technologies focus on energy terminal departments
such as industry, transportation and construction. The results show that in the iron
and steel, chemicals, non-ferrous metals and cement industries, as well as
construction and transportation sectors, continued popularization and application of
the advanced, efficient and low-carbon emissions and cost effective CO, emissions
reduction technology is an important way to achieve the goal of decreasing the carbon
intensity per unit GDP in 2020.

(2) Before 2020, iron and steel, chemicals, non-ferrous metals and
cement industries are the priorities and areas of focus on the realizing
technological mitigation potential, because they have big emission reduction
potential and relatively low abatement costs.

The evaluation results of this study on more than 40 selected emission reduction
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technologies of the iron and steel, chemicals, non-ferrous metals and cement
industries suggest that through the implementation of these mitigation technologies,
CO, reduction potential of 319 million tons can be achieved by 2015, with the
proportions of iron and steel, chemicals, non-ferrous metals and cement accounting
for 75.3% , 6.5% , 5.0% and 13.2% respectively; CO, reduction potential of 420
million tons can be achieved by 2020, with the proportions of iron and steel,
chemicals, non-ferrous metals and cement accounting for 68. 6% , 8. 6% , 4. 6%
and 18.2% respectively. The focus is on the emission reduction technology which
can bring positive investment returns among the selected technologies, and the
emission reduction potential realized by a positive cost accounts for 18.3% and 23%
of that in the current.

If the emission reduction technologies are ranked in accordance with the size of
the emission reduction potential, the preferential emission reduction technologies in
the steel industry are such as the low calorific value gas combined with cycle power
generation, all blast furnace gas boiler combustion technology, coal moisture control
technology, converter negative energy steel and dry coke quenching technology and
so on; the preferential emission reduction technologies in the chemical industry are
such as closed calcium carbide furnace, soda ash new shift gas alkali manufacturing
technology , production of high purity CO gas technology with CO, as the gasification
agent, caustic soda ion-exchange membrane electrolytic cell membrane electrode
technology, synthesis of ammonia synthesis loop molecular sieve technology and
carbon dioxide degradable plastics technology and so onj the preferential emission
reduction technologies in the non-ferrous metals industry are such as enhanced and
efficient technology of current prebaked aluminum electrolytic cell, aluminum
reduction cell diversion structure technology and new regenerative vertical retort
furnace combustion technology and so on; the preferential emission reduction
technologies in the cement industry are such as cement industry priority mitigation
technologies such as cement kiln co-processing waste technology, carbide slag
instead of limestone technology, cement kiln co-sludge disposal technology and pure
low temperature waste heat power generation technology and so on.

The analysis resulis of abatement cost of the selected technologies show that the
abatement cost of the selected technologies of the steel industry in 2020 is negative,
from negative 1086 yuan/ton CO, ( all blast furnace gas boiler combustion
technology) to negative 254 yuan/ton CO, ( regenerative heating furnace of steel

rolling technology) ; the abatement cost of the selected technologies of the chemical
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industry in 2020 changes from negative 923 yuan/ton CO, ( carbon dioxide production
of dimethyl carbonate two technology) to positive 814 yuan/ton CO, ( caustic soda
ion-exchange membrane electrolytic cell membrane electrode technology ); the
emission reduction potential of the emissions reduction technology with negative
marginal abatement cost in the non-ferrous metals industry in 2020 accounts for
95% , and the cost is in the range of negative 530 yuan/ton CO, to negative 1935
yuan/ton CO,; the abatement cost of oxygen bottom-blowing smelting technology is
the highest, up to 2234 yuan/ton CO,; the abatement cost of the five selected
emission reduction technologies in the cement industry is in the range of negative
3.82 yuan/ton CO, to 439 yuan/ton CO,. The abatement cost of pure low temperature
waste heat power generation technology is negative 3. 82 yuan/ton CO, ; the abatement
cost of carbide slag instead of limestone technology is 439 yuan/ton CO,.

In summary, before 2020, the cost-effective emission reduction technologies
with bigger emission reduction potential of iron and steel, chemicals, non-ferrous
metals and cement industries include technologies that can improve energy
efficiency, new processes and new technologies, by-products and waste recycling
technology, raw materials and fuel substitution technology.

(3) Before 2020, transportation is an area with fastest growing CO,
emissions and technological emission reduction potential, whose abatement cost
is relatively high.

With the continued growth of transportation volume of services and the energy
demanded, the average annual growth rate of CO, emissions of the transportation
sector is about 4. 6% from 2010 to 2020 ; while in the same period, that of the whole
nation, the industry and the construction sector is less than 3.9% . Therefore, from
present to 2020, transportation is an area with fastest growing CO, emissions and
technological emission reduction potential.

The analysis results of abatement cost of the 17 selected technologies in the
transportation sector show that in 2020, the technological emission reduction
potential will increase from 42 million tons CO, in 2015 to 113 million tons of CO,.
The five technologies with the maximum emission reduction potential are as following
in order: efficient diesel trucks, to increase the proportion of cargo inland shipping
commitments and to improve bus travel rate, homogeneous charge compression
ignition technology HDDI-gasoline vehicle applications as well as non-plug-in hybrid
automotive technology. The total emission reduction potential of the five technologies

is about 83 million tons CO,, accounting for about 70% of the total emission



reduction potential of the transportation sector in 2020.

The analysis results of abatement cost of the selected technologies show that in
2020, to improve automobile fuel economy technology can bring positive investment
returns, and the emission reduction potential of these technologies account for 45%
of the total emission reduction potential. The abatement cost of technologies such as
pure electric vehicles and cellulose ethanol fuel alternative class is relatively high,
and the main factor is the high investment costs of these new technologies (including
R&D costs, laboratory costs, technological facilities construction costs and
equipment purchase costs) and limited penetration rate.

(4) Before 2020, the construction is a potential focus area on achieve the
technological emission reduction potential, but the abatement cost of most
technologies is greatly uncertain.

The analysis results of abatement cost of the 34 selected technologies in the
construction sector show that in 2020, the technological emission reduction potential
will increase from 188 million tons CO, in 2015 to about 414 million tons CO,. The
previous ten technologies on annual emission reduction potential in 2020 are new
residential construction’s implementation of the 65% energy efficiency standards,
new public buildings with incandescent lamps eliminated, efficient refrigerators,
household biogas digesters, efficient and energy-saving stoves, high efficiency
cogeneration systems and related technologies, envelope structure transformation of
houses in the north, passive design, urban residential solar water heaters and
existing public buildings incandescent lamp transformation. In 2020, these 10
technologies will achieve emission reduction potential of 310 million tCO,,
accounting for 75% of the total emission reduction potential of the construction
sector.

In the 10 technologies with bigger emission reduction potential, the abatement
cost of the northern houses’ envelope structure transformation, passive design, new
residential construction’s implementation of the 65% energy efficiency standards and
household biogas digesters is 622 yuan/ton CO,, 250 yuan/ton CO,, 181 yuan/ton
CO, and 16 yuan/ton CO,, respectively. The emission reduction potential of these
four technologies accounts for 47% of the emission reduction potential of the 10
technologies.

To calculate the abatement cost of the emission reduction technologies of the
construction sector, in addition to the use of the technological area or promotion

volume , the influence of project price changes on the incremental value of investment
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and larger differences between the practical application of emission reduction
technologies and cost calculation modes and other reasons are also necessary.
Therefore, the analysis result of the abatement cost of emission reduction
technologies of construction sector is uncertain to some degree.

(5) The technological emission reduction potential contributes about 21 %
to 32% to the emissions under the country’s emission reduction goal in 2020.

Based on the scenario analysis, the result show that in 2015, the emission
reduction potential of the selected technologies of the four industries and two sectors
accounts for 42% of the CO, needed to reduce under our country’s emission reduction
goal of 40% and 26% under 45% ; in 2020, the emission reduction potential of the
selected technologies of the four industries and two sectors accounts for 32% of the
CO, needed to reduce under the emission reduction goal of 40% and 21% under
45% .

(6) The popularization and promotion of emission reduction technologies
need to overcome a variety of obstacles.

The constant perfections of the external environment, systems and policies are
needed to realize the technological emission reduction potential of terminal
departments cost-effectively. Compared to traditional technologies, the constant
popularization and application of advanced, efficient and low-carbon emissions and
cost-effective CO, capture and storage technologies have larger potential for CO,
emission reduction. But in reality, to achieve the emission reduction potential of
these technologies, it depends on not only the improvement of energy efficiency of
the technology itself, rate of reducing the abatement costs and technology promotion
efforts, but also the tremendous efforts to overcome the economic, social, behavioral
and (or) institutional obstacles.

(7) The analysis of CO, emission reduction potential and cost of the
subject of the four industries and two sectors is uncertain to a certain degree.

Due to various departments’ limited awareness, identity and selection,
especially the impossibility to predict the future advanced technologies; factors
lacking system data support of the judgment of the emission reduction rate of the
technology itself, the penetration rate of the technology and the economic properties,
there are problems of enlarging and mitigating emission reduction results and high or
low cost in the process of analyzing the technological emission reduction potential and
cost, leading to the uncertainty of the analysis results. These problems will be

conquered and perfected in the future research and practice process.
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To promote the popularization and application of low-carbon abatement
technologies, the study proposes the following policy recommendations .

(1) Organizing as soon as possible to develop the sector and industry low-
carbon emission reduction technology system, implementation road map,
development strategy and plans, in order to promote the implementation of emission
reduction technologies in order of priority and timing;

(2) Developing R&D capabilities of advanced low-carbon emission reduction
technologies, promoting the innovation and development of low-carbon emission
reduction technologies, to make the development of low-carbon emission reduction
technologies better adapt to the international economic structure and industrial
transition to low-carbon industry ;

(3) Using energy savings, carbon trading, voluntary agreements of market
mechanisms and the implementation of strong financial incentives to promote the
promotion and application of the low-carbon emission reduction technologies;

(4) Creating innovative investment and financing system, strengthening and
enlarging the carbon emission reduction benefits of energy conservation investment
(synergies) ;

(5) Starting as soon as possible to study and establish a standard system in the
low-carbon field and develop corresponding standards to regulate the development
and application of low-carbon emission reduction technologies, monitor and evaluate,,
and promote the progress of low-carbon emission reduction technologies ;

(6) Strengthening the capacity building of enterprise level and helping
enterprises to establish greenhouse gas data collection and management system to lay
the foundation for enterprises to implement low-carbon transformation strategy. Such
a system should include data demand system, data source identification system, the
responsibility system for data collection, data quality control system and the database
system ; guiding the enterprises to carry out the diagnosis and online monitoring of the
energy consumption indicators and their benchmarking and analysis to identify
weaknesses and take corrective action; strengthening energy consumption statistics
and supervision; improving the energy consumption statistics in the whole production
process of enterprises; ensuring the reality of statistics; building step-by-step

analysis reporting system and reporting on time; assessing evaluation mechanism.
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