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Fig.7: CLEANER COAL COMBUSTION AND CONVERSION
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Fig.8: CLEANER COAL POST-COMBUSTION 
SOLUTIONS EVALUATION
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other hand, while being commercially applied in the market already, is expected 
to face greater competition from UCGCC and IGCC in the future, a factor which 
could constrain its commercial potential as the latter mature technologically. 

Coal Liquefaction, evaluated to have both low commercial and environmental 
impact potential, is pursued in China mainly in the interest of energy security.  

Cleaner Coal: Post-Combustion
The distinctive feature of all post-combustion solutions is their very high per 
unit environmental impact potential. In most cases, these solutions are able to 
remove up to 90% of targeted pollutants. The key differentiator between post-
combustion solutions is the commercial impact potential.  At the moment, given 
the technological immaturity and uncertainty associated with CCS, it is not 
commercially viable and, once introduced to the market, is expected to be costly. 
However, the prospects of future carbon regulations, combined with projected 
technological advancements, most likely will significantly increase CCS’s 
commercial attractiveness. The rise in other solutions’ commercial potential, in 
contrast, is not due to technological improvement but rather to the continued 
trend of ever higher pollution standards and the expansion of the coal fired 
power installed base in China.  Denitration, Desulfurization and Particulate Matter 
Removal technologies are mature and widespread in the industrialized countries. 
As such they present an attractive market opportunity in China and one in which 
government mandates will likely continue to drive implementation.

Cleaner Gas and Cleaner Oil
Capture and Use of Coal Mine Ventilation Air Methane has the greatest 
environmental impact potential as it can capture the majority of low density 
methane from coal mines or coal beds instead of discharging directly to the air. 
This is a particularly important consideration given methane’s high global warming 
potential. Its commercial potential is expected to increase as the price of gas 
increases and as a greater range of viable technologies are introduced in China 
as well as developed locally. At the same time, tighter application of standards 
and regulations, along with expected industry consolidation imply that more 
mines will likely adopt the technology in the medium- and long-term. Similarly, 
Water Reinjection abates a large amount of oily pollutants normally suspended 
in the water that is separated from the extracted crude. Water Reinjection has a 
moderately high commercial potential driven by its use in enhanced oil recovery, 
but limited by the selective applicability of the technology across oil fields.

CHP reduces the consumption of coal by a considerable amount in the 
delivery of one unit of energy, and thus has attractive environmental impact 
potential. CHP’s unit environmental impact potential is lower for large-scale 
power generation applications than for general industrial use (as analyzed in the 
Cleaner Industry sector) due to the difference in technology used. Nonetheless, 
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it is commercially attractive given the large scale of Chinese demand and the 
relatively mature technology.

NGCC’s short to medium-term commercial potential is largely driven by 
opportunities to substitute existing capacity and rely on present gas supply. 
However, given the expected supply constraints in the future, the application of 
this technology might become more limited. From an environmental perspective, 
however, it presents a much cleaner alternative to coal power and provides an 
opportunity to considerably reduce greenhouse gas emissions.

Nuclear Power
Both evaluated nuclear power technologies were assigned a very large 
environmental impact potential. In addition to being able to abate 100% of 
greenhouse gas emissions compared to coal power, these technologies are 
considerably more advanced in terms of efficiency and the spectrum of potential 
feedstock than conventional nuclear power plant technology. Theoretically, 
MHTGCR can increase generation efficiency by up to 25%, while FNR can increase 
the uranium utilization rate from 1-2% up to 60-70%. However, their technological 
maturity is relatively low and a significant amount of research, development and 
testing is required. With China’s commitment to exploring and expanding nuclear 
power, however, the general commercial potential outlook is positive.

Key Challenges
The China Greentech Initiative identified a number of challenges that currently 
inhibit the adoption and distribution of technologies and best practices in China’s 
Cleaner Conventional Energy sector. These challenges are organized into four 
categories – market, technology, financing and regulatory – and are presented below.

Cleaner Coal
The Cleaner Coal sector is confronted with a number of structural challenges. 
Industry fragmentation, for example, limits both the quality of coal that is 
mined and the capacity for coal enterprises to support capital investment in 
newer, cleaner technologies. Fragmentation also makes it harder to implement 
government supervision of the sector.  A contributing challenge is the difficulty in 
securing financing for small- and medium-sized enterprises. Generally, financing 
challenges slow down the development, demonstration and deployment 
of environmentally sound technologies across the coal value chain. Finally, 
a stronger regulatory environment, including a stronger and more uniform 
application of standards and incentives, appears to be needed to drive the focus 
on environmental sustainability.  

Cleaner Oil
With the predominance of SOEs in the oil exploration and extraction arenas 
coupled with the fragmentation of the oil refining industry, the current market 
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Fig.9: CLEANER OIL AND GAS 
SOLUTIONS EVALUATION
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Fig.11: KEY CLEANER  COAL CHALLENGES

n  Industry fragmentation
n  Poor supervision of smaller mining enterprises and the supply chain

n  Low technological maturity of key solutions
n  Limited IP management and R&D capabilities

n  Limited range of financing mechanisms
n  Preference for larger scale enterprises
n  Limited investment in demonstration projects

n  Developing coal quality and post-combustion emissions standards and non- 
     uniform enforcement
n  Lack of price on carbon to financially reward low carbon soultions vis-à-vis  
     conventional alternatives
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Fig.12: KEY CLEANER  OIL CHALLENGES

n  Growing market demand and reliance on crude imports
n  High industry concentration in the upstream and industry fragmentation in 
     the downstream of the value chain
n  Low awareness of applicability and benefits of cleaner oil technologies

n  Limited spectrum of available cleaner oil technologies
n  Market structure limits greater transfer of advanced technologies from abroad

n  Limited range of financing mechanisms
n  Preference for larger scale enterprises
n   State-set pricing policies risk creating cost/revenue imbalances for 
     downstream enterprises

n  High upstream entry barriers for non-SOEs
n Non-uniform regional implementation and enforcement of regulations and  
     policies for downstream enterprises
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structure is a considerable obstacle to the adoption of cleaner oil solutions. In the 
case of SOE dominance, the most urgent needs are focused on reducing entry 
barriers and improving access to the sector as well as to financing. Private and 
foreign companies have the potential to bring a greater level of transparency and 
technological capability to the industry, while greater financing will allow both 
non-state firms and SOE’s to finance a more sustainable form of competition. In 
terms of the problem of fragmentation, small refineries are unable to monetize the 
value of petroleum by-products. Proper regulatory enforcement and consolidation 
of enterprises, however, could ensure a stronger, more competitive and more 
profitable industry in the long-term that is better able to adopt cutting edge 
technologies both for production and for reducing environmental impact.

Cleaner Gas
The two challenges most pertinent to the natural gas market in China are the 
gas pricing mechanism and the regulatory framework for the utilization of low-
concentration gas. A price of natural gas more reflective of the source and 
transmission costs would enable large-scale investment in pipeline infrastructure 
and in transportation and extraction safety measures. This would also allow for 
a greater inflow of large-scale investment from foreign and private enterprises, 
further driving development in the sector and supporting greater technological 
advancement. The lack of detailed regulatory support for the utilization of low-
concentration natural gas has large commercial and environmental costs. On 
the one hand, a large amount of usable resources remain underutilized due to 
a lack of proper incentives. On the other hand, the global warming potential of 
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natural gas results in gas discharges becoming a significant contributor to China’s 
greenhouse gas emissions.

Nuclear Power
Entering the nuclear power market in China, as elsewhere, requires both high 
caliber expertise and technology (a large portion of which is currently provided 
by foreign firms), as well as significant capital investment. In both areas, the tight 
control over the sector by Chinese regulators tends to slow down the process of 
technology transfer and the inflow of foreign and private capital. While the nature 
of the industry generally requires close government regulation and supervision, 
universal government involvement across all parts of the value chain risks limiting 
the development of the segment.

Fig.13: KEY CLEANER  GAS CHALLENGES

n  Limited supply and projected shortfall
n  Low gas prices compared to energy alternatives
n  Developing and non-integrated value chain

n  Gas concentrations of variable purity limit application and increase  
     requirements for power generation units
n  Technical complexity and safety issues associated with gas extraction and  
     transportation

n  Limited range of financing mechanisms
n  Few large-scale investments from foreign and private enterprises to date

n  Lack of detailed regulatory support for the application of low concentration gas 
n  Development of pricing policies for gas products based on different gas  
     sources and transmission paths
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Fig.14: KEY NUCLEAR POWER CHALLENGES

n  High entry barriers at nearly all parts of the value chain
n  General safety concerns 
n  Limited talent and enterprise base to reliably support fast growth of the industry

n  Newer nuclear power technologies require considerable investment,  
     development and testing
n  Need for proper treatment and storage of spent fuel

n  High upfront capital investment requirement 
n  Financing channels highly controlled by the government

n  Slow standardization of equipment manufacturing
n  Limited policies to promote competition and encourage greater investor and 
     private company involvement 
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Opportunities to Accelerate Market Development
What can stakeholders do to overcome the challenges facing the commercializing 
of greentech solutions which accelerate the sustainable development of China’s 
Cleaner Conventional Energy sector? The China Greentech Initiative posed 
this question to its partners and advisors, who helped developed the set of 
opportunities outlined below. These opportunities are not meant to be explicit 
recommendations, but rather suggestions of concrete steps different stakeholder 
groups may take to accelerate greentech markets and enable China’s further 
evolution to a sustainable economy.
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Cleaner Coal
The key driver in cleaner coal solutions is expected to come from regulatory 
entities. These stakeholders have the opportunity to step up the enforcement 
of pollution controls and establish frameworks to capitalize on the benefits 
of market mechanisms. Adopters can benefit from adopting well-understood 
and tested efficiency enhancing and pollution controlling technologies that are 
routinely used in industrialized countries. At the same time key regulations will 
drive the attractiveness of cleaner coal technologies for solution providers. A 
greater commitment to IP management and R&D will ensure that both domestic 
and foreign firms will compete on fair grounds both at home and abroad, driving 
down solution costs and increasing solution adoption. Lastly, regulatory entities, 
in cooperation with other stakeholders, can facilitate international and national 
partnerships between industry, government and academia to enable quicker 

Fig.15: CLEANER COAL OPPORTUNITIES
 STAKEHOLDERS	OPPORTUNITIES

n  Adopt proven technologies, management and policies
n  Capture efficiency improvement opportunities
n  Explore proactively industry consolidation options

n  Increase domestic R&D and localization capacity
n  Increase the ability to effectively manage IP
n  Drive pilot projects to build capabilities and diffuses uncertainty associated  
     with key technologies.

n  Develop products tailored to efficiency retrofits by SMEs
n  Provide capital support to developing technologies

n  Promote polluter-pays principle and develop market-based pollution trading  
     mechanisms
n  Enhance auditing, supervision and enforcement capability at all parts of the  
     value chain and enterprise size

n  Drive transparency and awareness in the market
n  Promote technology transfer and IP management best practices

Solution Adopters

Solution Providers

Financial Investors

GOVERNMENT  
REGULATORS

Other Stakeholders

Fig.16: CLEANER OIL OPPORTUNITIES
 STAKEHOLDERS	OPPORTUNITIES

n  Implement sustainable pre-extraction solutions
n  Capitalize on opportunities for industrial symbiosis in petrochemical industry
n  Drive consolidation of downstream industries, promoting efficiency and  
     enhancing resilience to market volatility

n  Develop strong relationships with upstream SOEs to understand needs and  
     leverage access to capital
n  Cooperate with international advanced technology and management capacity 
      providers
n  Develop packaged solutions for downstream SMEs

n  Cooperate with adopters and providers to understand viable solutions and properly  
      assess risks
n  Facilitate access to a diversified portfolio of capital markets financial products

n  Liberalize gradually oil products pricing mechanism 
n  Lower entry barriers for foreign and private players
n  Manage labor force employed at smaller refineries

n  Promote joint research and technology transfer
n  Facilitate information exchange and enhance market transparency
n  Facilitate identification of best practice regulatory policies and their localization to China

Solution Adopters

Solution Providers

Financial Investors

GOVERNMENT  
REGULATORS

Other Stakeholders
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dissemination of best-practices and technologies.

Cleaner Oil
Given the central role government regulatory entities play in the management of 
China’s oil industry, a number of key opportunities are found in the adjustment 
of the regulatory framework. Two initiatives are focused on the consolidation of 
smaller capacity refineries and the greater liberalization of the oil market, solutions 
which have the potential to enhance the economics for all stakeholders in the 
value chain. Another area is lowering the barriers for the involvement of foreign 
and private enterprises in the upstream part of the oil value chain. Regulators 
have the opportunity to reform the pricing mechanism as well as reduce the tariffs 
and loosen quotas on oil imports. This will help enhance market-orientation of 
the industry, increase investment and promote the development and diffusion 
of advanced technologies. All stakeholders stand to benefit from enhancing 
collaboration, improving understanding of each other’s roles and needs, and 
identifying opportunities.

Cleaner Gas
They key opportunities across the cleaner gas value chain are the capture and 
utilization of CBM/CMM and the reform of gas pricing mechanisms. To this end, 
both adopters and providers should advance, test and deploy technologies while 
regulators and investors provide support with financing and general promotion of 
the industry. Until now, though, the gap between international and domestic gas 
prices has deterred investment in the sector, including investments in crucial gas 
infrastructure and technological research and adoption. Given that natural gas is 
a cleaner energy source compared to other fossil fuels, future stricter emissions 
regulations are expected to promote the development of the sector.

Fig.17: CLEANER GAS OPPORTUNITIES
 STAKEHOLDERS	OPPORTUNITIES

n  Capitalize on CBM/CMM utilization opportunities
n  Work closely with government regulators to understand priorities and develop  
     complimentary programs

n  Import and develop CBM/CMM utilization and other advanced gas technologies 
n  Develop relationships with adopters and demonstrate alignment of technologies  
     with China’s national policies 

n  Improve understanding and increase investment in middle part of the industrial  
     chain, including CBM/CMM infrastructure construction
n  Promote advanced technology research and lower perceived risk by providing  
     funding support

n  Provide incentives for development of CBM/CMM extraction, pipeline  
     construction and transmission
n  Reform pricing mechanism to narrow the gap between domestic and 
     international prices
n  Enhance access for private and foreign investors to the CBM/CMM utilization markets

n  Promote the establishment of market pricing mechanisms
n  Provide support to enrich financing structure and channels
n  Collaborate with others to leverage experiences in application of advanced  
     technologies

Solution Adopters

Solution Providers

Financial Investors

GOVERNMENT  
REGULATORS

Other Stakeholders

Nuclear Power
For solution adopters and providers opportunities focus on long-term returns 
on investment, which require tailored and reliable financing mechanisms. At the 
same time, investors have opportunities to facilitate government efforts to finance 
R&D of advanced technology, especially in the materials and components parts 
of the value chain. Regulators and other stakeholders have an opportunity to 
educate the public about the value of nuclear power while continuing to ensure 
the standardization and safety of the industry. A more open collaboration between 
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international and private institutions and local industries will allow for accelerated 
diffusion of best practices and ease the process of technological transfer, factors 
which should contribute to the enhanced reliability, safety and efficiency of China’s 
nuclear power sector. 

Fig.18: CLEANER NUCLEAR POWER OPPORTUNITIES
 STAKEHOLDERS	OPPORTUNITIES

n  Refine safety evaluation system for technology selection
n  Base technological evaluation on return on investment rather than initial cost
n  Compete for self-reliant projects and leverage current government

n  Align with China’s nuclear technology development roadmap and understand     
     China’s needs
n  Cultivate relationships with key domestic players
n  Explore opportunities in waste treatment market and stimulate financing flow

n  Target key materials and spare parts providers with tailored financial products
n  Develop large scale project financing and capabilities
n  Work with research institutes to provide R&D funding 

n  Push forward standardization, safety monitoring systems and waste  
     management policies
n  Expand specialized education and training programs for nuclear power personnel
n  Invest in R&D of next generation technologies

n  Educate the public about the benefits, risks mitigation and safety features of  
     nuclear power
n  Promote international technology transfer, especially waste treatment,  
     management and safety technologies

Solution Adopters

Solution Providers

Financial Investors

GOVERNMENT  
REGULATORS

Other Stakeholders

Path Forward

This chapter provides an overall picture of China’s greentech markets, 
challenges and opportunities related to the Cleaner Conventional Energy sector 
as of the middle of 2009. Intended to be a starting point that defines and frames 
market issues and opportunities, the Initiative recognizes that the chapter does 
not answer every question that market participants have. Given the complexity 
of the Cleaner Conventional Energy sector and the intense speed at which 
regulatory, end user, competitive and technology markets are changing, certain 
aspects of this chapter will become dated relatively quickly. Moreover, important 
questions remain to be answered at more detailed levels than has been possible 
in this chapter.

Readers of The China Greentech Report 2009 are invited to join the conversation 
by visiting www.china-greentech.com. The Initiative’s website allows people to: 

n Download electronic copies of the Executive Overview, full report and individual  
     sector chapters
n Order printed versions of the report
n Access additional content created by the Initiative
n Participate in interactive discussion forums to create, uncover and promote  
     greentech solutions for an environmentally sustainable China and the world

The China Greentech Initiative looks forward to welcoming readers to its extended community. 
Suggestions on improving the content in this report are also welcome at feedback@china-greentech.com. 
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