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CCS in China & the Guangdong CCS-
 Readiness Study
 Zhou Di, Professor
 South China Sea Institute of Oceanology, CAS
 Feng Qiao, Ph.D.
 British Consulate-General, Guangzhou, China
 5th October, 2011, Melbourne, Australia
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CCS in China
 • China CO2 Emissions and Low Carbon Policy
 • Why CCS? – China’s Coal Demand
 • CCS Political and R&D Progress in China
 Outlines
 • CCS Political and R&D Progress in China
 CCS-Readiness Study in Guangdong
 • Project Background
 • Tasks and Intermediate Outcomes
 • Future Work
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CCS in China
 China CO2 Emissions and Low Carbon Policy (1)
 • World second largest energy user, and (soon) the largest CO2 emitter
 30,000
 35,000
 Energy-Related CO2 Emissions
 1950-2007
 Other Global Emissions
 China
 -
 5,000
 10,000
 15,000
 20,000
 25,000
 30,000
 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
 Mt
 CO
 2
 China
 US
 Laurent Berkley National Lab, USA
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CCS in China
 China CO2 Emissions and Low Carbon Policy (2)
 CO2 Emissions
 Mil
 lio
 n T
 on
 Ca
 rbo
 n
 Challenges:
 • 1.3 billion population and
 rapid urbanisation
 • Large infrastructure and
 need for cement, iron and
 steel etc.
 Jiang Kejuan 2011, ERI
 Mil
 lio
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 rbo
 n
 steel etc.
 • Coal based energy supply
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CCS in China
 China CO2 Emissions and Low Carbon Policy (3)
 • 40-45% carbon intensity reduction by 2020 based on 2005.
 • 19% energy intensity reduction achieved during 2005-2010 (11th
 Five Year Plan); 16% energy and 17% carbon intensity reduction
 by 2015 (12th FYP) by 2015 (12th FYP)
 • 5 + 8 low carbon pilots announced in Aug. 2010, including GD
 • Major carbon reduction policy choices
 • Economic structure upgrade
 • Enhancing energy efficiency
 • Renewable energy and nuclear
 • CCS
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CCS in China
 Why CCS? – China’s Coal Demand
 Coal Production and Consumption 2008
 • By far the largest coal producer and consumer.
 • Abundant coal reserve, backbones of China’s energy security.
 • Predominate fuel – 70% primary energy consumption and 80% CO2
 emission; 80% of China’s power stations are coal fired.
 BP Energy Review 2009
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CCS in China
 Why CCS? – China’s Coal Demand
 • In the future, coal demand will continue to grow by over 10% a
 year until 2030
 • In total China is projected to bring in line an additional 500GW
 coal fired capacity by 2030. One new power station every 10
 days!
 • National Energy Administration (NEA): Coal will provide at least
 60% of China’s electricity for the foreseeable future, no matter
 how radical policies it adopts to increase renewable and nuclear
 power.
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CCS in China
 CCS Political and R&D status in China (1)
 A Mixed Picture: broadly supportive with suspicion.
 • NDRC: ‘ If there are going to be sizable reductions in carbon
 emission by 2025, CCS will need to be one of the options
 considered.’ -- Minister Xie Zhenghua in July 2010.
 • National Energy Administration believes CCS can NOT form a • National Energy Administration believes CCS can NOT form a
 key component of their mitigation strategy as it is not yet
 commercialised, and has a financial and energy penalty.
 • Ministry of Science and Technology and Ministry of Land and
 Resources
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CCS in China
 CCS Political and R&D status in China (2)
 • Growing interest from Chinese energy industry
 • An estimated over one billion RMB (170 million dollars) investment
 in R&D and demonstrations from private sectors
 • Carbon capture demonstrations in Beijing, Shanghai, and • Carbon capture demonstrations in Beijing, Shanghai, and
 Chongqing
 • Shenhua CTL Plant CCS demonstration project
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GD CCS-Readiness Project
 Project Background
 Guangdong is China’s most industrialized province.
 • Area 180 000 km2 (2% of China land) ;
 • Residents >100 million (7% of Chinese population);
 • 2010 GDP ~ 460 b € (#1 in China for 22 consecutive years);
 • ~50% GDP from industry.• ~50% GDP from industry.
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GD CCS-Readiness Project
 Project Background
 • Guangdong is China’s richest province, but highly dependent on
 foreign energy supply (95%). Industrial structure is relatively
 light (GDP ratio for the three-industries is 5%: 50% : 45%.
 • One of the National Low Carbon
 Pilot Provinces, and the clean-Pilot Provinces, and the clean-
 coal technology has been
 considered as an option now.
 • CCS is implied in the “developing
 clean-coal techniques” promoted
 by Governor Huang Huahua in
 July 2011.
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GD CCS-Readiness Project
 Project Questions:
 To promote CCS and Carbon Capture Readiness in Guangdong,
 we need to answer:
 • Does Guangdong need CCS?
 • Is CCS applicable in Guangdong?
 • What’s the necessary policy or roadmap?
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GD CCS-Readiness Project
 Project Introduction
 Title: Guangdong, China’s First CCS Ready Province
 Duration: April 2010 – March 2013
 Sponsors: UK Foreign & Commonwealth Office
 Global CCS Institute (GSSCI)
 7 Implementers:
 • South China Sea Institute of Oceanology, CAS, Di Zhou• South China Sea Institute of Oceanology, CAS, Di Zhou
 • Guangzhou Institute of Energy Conservation, CAS, Daiqing Zhao
 • Institute of Rock and Soil Mechanics, CAS, Xiao-Chun Li
 • Energy Research Institute of NDRC, Qiang Liu
 • LinksChina Investment Advisory Ltd, Shenzhen, Jia Li
 • Edinburgh Univ., Dr. Jon Gibbons
 • Cambridge Univ., Drs. D. Reiner and Xi Liang
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GD CCS-Readiness Project
 Project Research Tasks
 1. Emissions and Major point sources in GD
 2. Storage capacity inland & offshore
 3. Energy-Economy Carbon Control modeling
 4. Capture-ready initiative4. Capture-ready initiative
 5. Public awareness and capacity building
 6. Roadmap and policy suggestions
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 1. Emissions and Major point sources in GD
 • In 2008, total emissions of Guangdong ~ 0.53 btCO2,
 • among which 0.32 btCO2 from MPS (>0.1 MtCO2/a).
 Guangdong (2008) CO2 emission
 from major point sources
 Power, 66%
 Steel, 11%
 Cement, 18%
 Chemical, 5%
 Guangdong Energy Consumption mix in 2008
 Guangdong MPS CO2 emission in 2008
 • among which 0.32 btCO2 from MPS (>0.1 MtCO2/a).
 • 66% of MPS emissions from thermal power; then from cement, steel, and chemical sectors.
 2008 Emission/a Population
 Guangdong 530 MtCO2 >100 M
 UK 564* MtCO2 58 M
 * ww.guardian.co.uk
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 1. Emissions and Major point sources in GD
 • 158 MPSs distributed mainly
 in Pearl River Delta, and also
 in the coastal areas in the
 .
 Major Point Sources (MPS) Distribution in Guangdong
 East and West Guangdong.
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 2. Estimation of Guangdong Carbon Storage Capacity
 2 inland & 4 offshore potential basins
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 2. Estimation of Guangdong Carbon Storage Capacity
 Sanshui B.Sanshui B.
 Oil & CO2
 4.5 km sediments
 Muming B.
 Oil shale
 5 km sediments
 Leoqiong B.
 Volcanics
 IGCC plants in planning
 Inland Basins in
 Guangdong are small
 with low storage
 capacity.
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 2. Estimation of Guangdong Carbon Storage Capacity
 Pearl River Mouth Basin
 • The largest basin in N. South
 China Sea (~200 k km2)
 • Maximum sediment
 thickness >14 km
 • Rich oil/gas reserves
 • Proximal to industrialized
 coastal Guangdong
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 2. Estimation of Guangdong Carbon Storage Capacity
 Pearl River Delta Basin
 Stratigraphic column
 Potential reservoir:Potential reservoir:
 * L. Miocene Zhujiang Fm.
 * U. Miocene Hanjiang Fm.
 * U. Oligocene Zhuhai Fm.
 Regional seal:
 * Upper M. Miocene
 * Upper L. Miocene
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 2. Estimation of Guangdong Carbon Storage Capacity
 Isopach maps
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 2. Estimation of Guangdong Carbon Storage Capacity
 Isopach of formations
 below 800m sub-seafloor
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 2. Estimation of Guangdong Carbon Storage Capacity
 Curves of CO2 density vs. depth for the 3 regions based on Span & Wagner
 (1996)
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 2. Estimation of Guangdong Carbon Storage Capacity
 Effective storage capacity of 300 GtCO2
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 2. Estimation of Guangdong Carbon Storage Capacity
 • 10% of the effective storage
 capacity can store
 Guangdong 2008 MPS
 emissions for 100 years .emissions for 100 years .
 • Promising area 150~300 km
 from the Pearl River Delta
 • Promising reservoirs: Lower
 & Middle Miocene
 sandstones & limestones
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 3. Source-Sink Matching: source clusters vs. sink clusters
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 3. Energy-Economy-Carbon Control modeling
 Impact of different carbon price on carbon reduction with application of CCS:
 (assumptions: levying carbon tax from 2015 with rates 0, 100, 130, 150, 200 and
 400 RMB per ton CO2)

Page 28
                        

GD CCS-Readiness Project
 Project Intermediate Outcomes
 3. Energy-Economy Carbon Control modeling
 Impact of different way of levying carbon tax.-- Using the growing tax rate will help to reduce unit carbon mitigation cost.
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 3. Energy-Economy Carbon Control modeling
 Mix of power generation capacity under the carbon tax rate of 150 RMB/tCO2.
 Share of capacity with CCS will reach 5.9% in 2030 in Guangdong.
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 4. Carbon Capture Readiness Initiative
 • In Guangdong by March 2010, 16GW of ultra supercritical pulverised coal power plants (USCPC) with a unit size of 1000MW were already in the construction, while an even greater amount of large coal-fired power plants are pending for approval.
 • The implementation of CCR becomes an urgent task .
 • A stochastic cost cash flow model was applied for valuing CCR in a generic ultra-supercritical pulverised coal (USCPC) power plant in Guangdong.
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 4. Carbon Capture Readiness Initiative
 • Modeling demonstrated that CCR has a number of benefits:
 • increases the probability of retrofitting by 5% to 8%;
 • lead to an earlier optimal retrofitting year;
 • provides a NPV benefit of US$ 3.3 m~ $16.9 million;• provides a NPV benefit of US$ 3.3 m~ $16.9 million;
 • for a base plant which cannot be retrofit without CCR
 investment, the value of CCR could reach US$81 m ~ $94
 m;
 • if designing CCS ready systems at a regional planning level
 (CCSR hub), the average CO2 abatement cost of CCS
 retrofit in 2020 will be reduced by ~20% in Shenzhen city.
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 4. Carbon Capture Readiness Initiative
 Potential CCS hubs in Guangdong
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GD CCS-Readiness Project
 Project Intermediate Outcomes
 4. Built capacity and raised public awareness
 • Established the China Low-carbon Energy Action Network (CLEAN) and its website www.clean.org.cn .
 • Project website (www.gdccs.org )
 • Organised workshops, special sessions and site visits.
 • Presentations in various conferences
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GD CCS-Readiness Project
 Future Work
 • Complete GDCCSR Project by March 2013
 • Initiate storage-readiness studies on offshore oil/gas fields
 Importance of offshore storage in SE China
 Bradshaw
 (2006,Beijing)
 •SE China is a fold belt with only small continental basins with limited CO2 storage capacity.
 •However offshore basins are large and of high prosperity for CO2 storage
 •This basins match nicely the large emission sources along the coastal SE China.
 •Offshore storage is perhaps the only hope for CCS in SE China!

Page 35
                        

GD CCS-Readiness Project
 Future Work
 Offshore vs. onshore CO2 storage
 Merits:
 • Land saving;
 • No damage to ground water;• No damage to ground water;
 • Lower environmental impact;
 • (for China) Good marine aquifers.
 Obstacles:
 • High cost of infrastructure, operation, and monitoring
 (20 times of those for onshore).

Page 36
                        

GD CCS-Readiness Project
 Future Work
 Therefore, reducing cost is the key for offshore storage.
 Possible solutions include:
 • Matching of source clusters with sink clusters through a hub pipeline.
 • Using islands as drilling sites.• Using islands as drilling sites.
 • For high CO2 fields, in-situ CO2 capture and storage.
 • Using the infrastructures of nearly depleted oil/gas fields, and co-
 using adjacent saline formation to enlarge the storage capacity.
 • Probable early opportunities for Northern South China Sea.
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GD CCS-Readiness Project
 Future Work
 CO2 Storage Readiness (CSR) for offshore storage fields
 Concept: Utilizing the residual life of offshore infrastructure of a depleted
 oil/gas field for CO2 storage. (Residule life = Equipment life – Field life)
 Evaluation of CSR for offshore fields:
 • Assess the residual life of infrastructure
 • Assess the storage capacity of the field and its adjacent saline
 formations
 • Assess the safety and risk of storage
 • Design equipment reformation, injection and monitoring scheme
 • Assess overall cost and energy penalty
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GD CCS-Readiness Project
 Summary
 • GDCCSR effectively pushed for a comprehensive evaluation of CCS readiness in Guangdong, as well as raised the public awareness on CCS in Guangdong ;
 • The concepts of CCSR-hubs and CSR (CO2 storage readiness) are • The concepts of CCSR-hubs and CSR (CO2 storage readiness) are proposed through this project and should be further studied；
 • We hope that a demo project including offshore CO2 storage may be initiated in South China in near future.
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Thank you for your attention.
 Zhou Di, Professor
 [email protected]
 Feng Qiao, Ph.D.
 [email protected]
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