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China UK NZEC Initiative ��������Phase I Objectives:

• What are the trends of energy use in China and what 
are the implications for use of CCS? 

• What are the options for CCS in China? • What are the options for CCS in China? 

• How could CO2 be captured from power plants? 

• Where could CO2 be stored? 

• What are the costs of CCS? 

• What are the policy and regulatory issues that would 
affect the use of CCS? 



Coal will be the dominant energy type 
for the foreseeable future 

Coal use in China
•70% of Power Generation     • Gasification/Liquefaction    • Energy Intensive Industries



Coal is a major contributor to CO 2
emissions in China

Year

2006
• Total CO2 emissions 5,650 million tonnes
• Coal >80% of emissions

Baseline projection
• 2%/year growth rate
�l Total emissions double by 2050



1. To locate the techno-economic characteristics of 
optional CCS technologies based on the specific 
conditions of China;

Major Objectives of Capture WP

2. To identify the role of each option case (short-term, 
mid-term, or long-term) in CCS technical routes for 
China;

3. To recommend the preferable case for CCS 
demonstration project and also identify  key 
technology with low energy and economic penalty for 
CO2 recovery as promising technology for the next step.



CO2 Capture in Power Plants 

Options New Plant Retrofit Existing 
Plant

Post-Combustion Yes Yes

Oxyfuel Yes Yes

Post combustion pilot, 
Beijing

•Started 2008 

•3,000 - 5,000 tonnes CO2/year

Courtesy Huaneng Group

• Multiple technologies

• Varying stage of development

Oxyfuel Yes Yes

Pre-Combustion/IGCC Yes No



Impact of CO 2 Capture on Chinese Coal Power Plants
NZEC Case studies – New build plant

Net Efficiency
(% lhv)

Capture
Efficiency Penalty

% points

CO2
Emissions

g/kWH

Reference Plant : Advanced 
43.9 - 797

Reference Plant : Advanced 
Supercritical (no Capture) 

43.9 - 797

Capture Cases:

Post-Combustion MEA 33.1 10.8 106

Post-Combustion Ammonia 35.7 8.2 98

Oxyfuel 35.6 8.3 98

Pre-Combustion/IGCC 36.8 7.1 95



Costs of Capture for Coal Fired Power in China 
Relative to new build advanced supercritical 800MW pulverised coal plant

Base Plant  
Pulverised 

Coal

PC Plant with 
Post-Combustion 

Capture (MEA)

IGCC with 
Pre-Combustion 

Capture

PC Plant with 
Post-Combustion 

Capture (Ammonia)

PC Plant 
with 

Oxyfuels

Capture Status None Established Established Novel NovelCapture Status None Established Established Novel Novel

Capital Cost
(M RMB)

4822 6672 6649 6033 5815

Increase in 
Capital Cost 
(v Base Plant)

- 38.4% 37.8% 25.2% 20.5%

Levelised Cost 
of Electricity 
(RMB/MWh)

271 463 413 398 369

Increase in COE - 70% 52% 46% 36%



Cost for Avoided CO2

Oxyfuel
Post/Pre-com

Polygeneration 

Ranging from 150 rmb/t-CO2 to 340 rmb/t-CO2



Key Conclusions for Capture Study

To the present, there is no dominant technology been 
identified, but we believe that pre-combustion has bigger 
potential in the future;

The ranking lists shows that each technology has strategic 
role in different phase of CCS deployment in China;

Case study is just that start up for next phase, demonstration 
heavily depends on the attitudes of key stakeholders
(financial gap, policy and IPR).



CO2 Storage

Major Storage Options: 

• Enhanced Oil Recovery with storage 

• Depleted Oil and Gas fields 

• Saline Aquifer Formations

Assessing storage potential: 

• Capacity - how much? 

• Integrity - how safe? 

• Injectivity - what rate & cost? Courtesy of Shell



Songliao Basin

Subei Basin



CO2 Storage - Main Findings

1. CO2 EOR with storage 
• Opportunity to gain CCS experience using CO2 and to partly offset costs  
• Some limited potential for CO2 EOR and storage. Daqing largest option
• Storage capacities generally small compared to power plant emissions  

2. Aquifers
• Major aquifer identified in Songliao Basin, Jilin (Qingshankou Fm)
• Important for large scale CCS and longer term

3. Wells are key area of storage risk

4. Further evaluation of EOR and aquifers required in NE China and other 
areas to confirm suitability and to identify specific sites for early projects

• Data access required
• Additional exploration may be needed for aquifers



Case-study: Jilin Province

Capture possibilities for Jilin Province
• >15 GW coal fired power 
• up to 480 Mt CO2/year 

Match with storage capacity Match with storage capacity 
• Initially EOR but capacity limited 
• Long term aquifers 

GIS tool to match sources with storage
• Transport options/costs 
• to identify integrated projects 
• Changshan - Qian’an oilfield (75km)



Total Capture, Transport and Storage Costs for 
Coal Fired Power in China

Component Basis RMB/MWh

Capture Costs Established technology cases 413-463 RMB/MWhCapture Costs Established technology cases 413-463 RMB/MWh

Transport Costs 200 km pipeline 26 RMB/tonne

Storage Storage with EOR (Caoshe) 6 RMB/tonne stored

TOTAL Power + CCS COE 440-493 RMB/MWh

Equivalent to 280 RMB per tonne of CO 2 avoided (28 euros/t CO 2) 
compared with the PC base-case



Other Activities

•CCS in energy intensive industries

•CO2 Transportation Study

•Review of CCS activities in China•Review of CCS activities in China

•Stakeholder survey of CCS in China

•CCS sustainability assessment

•Socio-economic assessment of CCS in China

•Review of international CCS policies/regulations

Greengen IGCC Stage 1
•Chinese technology

•250MW

•Start-up 2011

•Capture in Stage 2



Challenges for CCS in China

• Extra cost and energy use

• Operational uncertainties

• Safety of storage

• Adapting regulations to CCS

• Equipment availability



Modelling Carbon Constrained Scenarios 
in China
4 Carbon Constrained scenarios modelled using MARKAL 
model for 2005-2050
•12-36% reduction in cumulative emissions versus baseline 

CCS may be widely deployed by 2050 in the lowest emission 
scenario as alternative to nuclear: 
•>400GWe of coal-fired power plants 
•CCS in Coal to Liquids 
•3000 million tonnes/year CO2 storage 

Achieving further reductions in CO2 emissions would need more 
CCS



Moving Forward: 
Considerations for Demonstration Activities
• Rationale & choices for demonstration are strategic 

considerations 

• Portfolio of projects is likely to be required• Portfolio of projects is likely to be required

• Leading options for demonstration with coal fired power focus :

– Pulverised Coal with Post-combustion capture
– IGCC with Pre-combustion capture

• Specific plants and storage sites need to be identified - choice of 
location critical to limit transport costs

• Availability & scale of storage site is main constraint on early 
integrated projects



Moving Forward:
Research and Development Requirements
1. Capture – main objective is to reduce costs and energy penalty. 

Potential activities include: 
– Advanced capture techniques (Post, Pre and Oxy) 
– Systems optimisation – Systems optimisation 
– Options for iron & steel, cement and other industries 
– Capture-ready approach

2. Transport R&D 

3. Storage – rigorous country-wide assessment is a priority 
– National/regional mapping, e.g. Storage Atlas 
– Detailed assessment /R&D (EOR, Depleted Fields and Aquifers) 
– Storage safety/integrity 
– Site selection/characterisation 
– Monitoring, verification, modelling and risk assessment



Successful Capacity Building

• Collaborative working

• Policymakers study tour

• Technical workshops

• PhD studentships 

• Networking events

• Conference attendance

• Websites

• Newsletter

• Publications



Conclusions

• CCS could provide a key low carbon option for coal-based 
industry in China, particularly for power generation.

• This would enable the continued use of coal with reduced 
greenhouse gas emissions. greenhouse gas emissions. 

• Further R&D, capacity-building activities and outreach are 
required to reach the position where Chinese stakeholders 
can be fully informed of the challenges and opportunities. 

• Continuation of the China-EU NZEC agreement is important, 
to demonstrate an integrated CCS system, ideally by 2015. 



Sponsors

Partners

• Ministry of Science and Technology (MOST)
• UK Department of Energy and Climate Change (DECC)

• Administrative Centre for China’s Agenda 21
• AEA
• Alstom Power

• Dept of Chemical Engineering of Tsinghau University
• Dept of Thermal Engineering of Tsinghua University
• Doosan Babcock

www.nzec.info

• Alstom Power
• 3E Research Institute of Tsinghua University
• BP Clean Energy Research & Education Centre

of Tsinghua University
• British Geological Survey
• BP
• Cambridge University
• China United Coalbed Methane Corporation
• China University of Petroleum of Beijing
• China University of Petroleum of Huadong
• Chinese Academy of Sciences
• Cranfield University
• Department of Environmental Sciences & 

Engineering of Tsinghau University

• Doosan Babcock
• Edinburgh University
• Energy Research Institute
• Greengen Corporation
• Heriot Watt University
• Imperial College
• Institute of Engineering Thermophysics of the CAS
• Institute of Policy & Management of the CAS
• North China Electric Power University
• Schlumberger
• Shell
• Thermal Power Research Institute
• Wuhan University
• Zhejiang University



Back up



Significant CO 2 capture potential in Energy 
Intensive Industries

Sector
Current CO 2
emissions*
(million 
tonnes/year)

Estimated CO 2
emissions* in 2030
(million tonnes/year)

Estimated potential 
for CO 2 capture
(million tonnes/year)

Iron and steel 720 760 340

Cement 901 774 450

Ammonia 
(large units only)

41 Not estimated 41

Ethylene 18 49 (in 2020) Up to 49


