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Fig. 1. Map of the study area in eastern China 

showing CO2 sources, proposed pipeline net-

work and potential storage sites. Based on data 

from the Energy, Environment and Economy 

Research Institute, Tsinghua University; 

Institute of Geology and Geophysics, Chinese 

Academy of Sciences; China University of 

Mining and Technology; Research Institute 

of Petroleum Exploration and Development, 

PetroChina and the China University of 

Petroleum (CUP). The outline of the Shengli 

oilfield complex and the pipeline data are 

from ‘Energy Map of China 2008’, © The 

Petroleum Economist Ltd, London. © British 

Geological Survey.  British Geological Survey 

produced the GIS map.

The challenge of climate change demands reduction in 

global CO2 mission. Carbon dioxide capture and storage 

(CCS) technology can be used to trap and store carbon di-

oxide gas emitted by coal-burning plants and this can reduce 

the world’s total CO2 emission by about one quarter by 2050 

(IEA 2008, 2009; IPCC 2005). Experience from the storage 

sites of Sleipner in the Norwegian North Sea, Salah in Alge-

ria, Nagaoka in Japan, Frio in USA and other sites shows that 

geological structures can safely accommodate CO2 produced 

and captured from large CO2 point sources. CCS is regarded 

as a technology that will make power generation from coal 

sustainable, based on cost-effective CO2 capture, transport 

and safe geological storage of the released CO2.

China has large coal reserves (DeLaquil et al. 2003), and 

is not about to give up on this reliable source of fossil fuel. 

Hence a large production of CO2 can be expected to continue 

for many years. China also has a large theoretical geological 

carbon dioxide storage capacity in onshore areas with deep 

saline formations (Dahowski et al. 2009). In an extensive 

collaborative research effort between Chinese and European 

scientists, the COACH project (Cooperation Action within 

CCS China-EU) was successful in building the expertise, de-

veloping the capture technologies and mapping transportation 

routes for CO2, and it produced two scenarios for geological 

storage of CO2 in China. 

The aim of the COACH project was to initiate a durable 

cooperation between Europe and China in response to Chi-

na’s rapidly growing energy demand. The project ran from No-

vember 2006 to October 2009 and was set up and funded by 

the European Commission under the memorandum of under-

standing on Near Zero Emissions Coal, to build demonstration 

plants in China. Twenty partners consisting of eight Chinese 

and twelve European partners evaluated the feasibility of es-

tablishing CCS in China (COACH 2009). COACH had four 

work packages dealing with (1) knowledge sharing and capac-

ity building, (2) capture technologies, (3) permanent geologi-

cal storage of CO2 and (4) recommendations and guidelines 

for implementation. Three tasks were carried out under the 
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third work package: (a) capacity estimates at regional level, 

(b) mapping of the geology and emission point sources and 

(c) improving methods for storage capacity assessment and 

site selection criteria. The Geological Survey of Denmark 

and Greenland and Tsinghua University in Beijing shared 

the leadership of the third work package. This short article 

presents the results of the work conducted on the potential 

for geological storage of CO2 
in China.

Background and methods
Aims of the Carbon Sequestration Leadership 
Forum

The aim of CO2 storage is the permanent removal of CO2
 

from the atmosphere. The European Union has supported 

current research on CO2 capture and storage methods for 

more than a decade, with emphasis on capture techniques, 

transport and geological storage. The results of the research 

on geological storage are summarised in a comprehensive 

manual by Chadwick et al. (2008). Internationally recog-

nised standards for capacity assessments were established 

by the Carbon Sequestration Leadership Forum (CSLF) in 

2004–2005 and a task force on capacity estimation stand-

ards has been active since presenting comprehensive defini-

tions, concepts and methods (Bachu et al. (2007a, b). These 

capacity standards were reviewed for the COACH project by 

Poulsen et al. (2009) and were used for the work on perma-

nent CO2 storage estimates in China (Zeng et al. 2009).

Comparison of methods

Various methods are available for calculation of CO2 stor-

age capacity in a geological environment (Koide et al. 1992, 

1995; Tanaka et al. 1995; Shafeen et al. 2004) . The methods 

used in the COACH project (Poulsen et al. 2009) were based 

on Bachu et al. (2007a, b) and used in the COACH database 

to estimate the storage capacity of hydrocarbon fields. Esti-

mates made by the China University of Petroleum applied 

Tanaka et al.’s (1995) method for computing the storage ca-

pacity in the Shengli oilfield complex (Zeng et al. 2009).

The two methods proposed by the CSLF task force and 

Tanaka et al. (1995) are basically identical in their approach. 

Both methods are based on a volumetric approach and are 

applicable to site, regional and basin-scale CO2 storage ca-

pacity estimates. Both can be considered as ‘simple’ equation 

models, which try to calculate an ‘approximation’ of a pos-

sible storage capacity. The methods gave almost identical re-

sults when applied to the Shengli oilfield complex (Table 1). 

There are, however, some differences in the approach to CO2 

behaviour in the storage site. The CSLF method works with 

replacement of oil, gas or formation water but does not incor-

porate dissolution of CO2 in formation water. The method 

of Tanaka et al. (1995), on the other hand, operates with a 

free phase of CO2 and takes into account dissolution of CO2 

in the formation water, but it does not considerer the time 

period needed for the dissolution (Poulsen et al. 2009). 

Long term behaviour of CO2 in a storage site

The long term behaviour of CO2 in a storage site depends on 

(1) a number of reservoir parameters (temperature, pressure, 

capillary pressure, porosity, permeability, and the cap rock 

permeability and capillary entry pressure), (2) the CO2 com-

position, (3) the formation water and (4) time (Chadwick et al. 

2008). The solubility of CO2 in formation water varies with 

salinity, temperature and pressure of the formation water (the 

brine). The dissolution of CO2 in pure water increases with 

increasing pressure (and thus increasing depth) up to approxi-

mately 7 Mpa. On the other hand, the CO2 solubility in a brine 

decreases with increasing temperature and salinity and thus in 

most cases decreases with depth (Bachu & Adams 2003). The 

Fig. 2. An example of a Shengli oilfield production site.
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result is that in general, the solubility of CO2 in the brine de-

creases with increasing salinity (Shafeen et al. 2004).

The buoyancy of injected supercritical CO2 leads to an 

upward gravity-driven flow of CO2 towards the top of the 

formation where it forms a plume below the cap rock. CO2 

(liquid or supercritical) and water are immiscible, but CO2 

can dissolve to a certain extent in water. Due to the slow solu-

bility of CO2 in brine, a large volume of brine is necessary 

to dissolve a given amount of CO2. The density of the brine 

increases with increasing CO2 dissolution and a downward 

gravity-driven flow will be induced by the increased density 

of the CO2-saturated brine. On the initiation of storage, be-

fore the plume of saturated brine has reached the bottom, 

the overall dissolution rate is essentially constant due to rap-

id convective overturn (Ennis-King & Paterson 2007). At a 

later stage during storage the saturated brine forms a gravity 

current propagating outwards from the CO2 source.

Activities and results

The main purpose of the COACH project was to prepare the 

way for CO2 capture and storage in China. In order to achieve 

this, the COACH partners developed an integrated gasifica-

tion combined cycle capture technique. This is a coal-based 

energy system with hydrogen production using coal gasifica-

tion, electricity generation from a combined cycle hydrogen 

turbine and fuel cell system, and capture of the CO2.

The partners have mapped emission sources and investi-

gated potential CO2 storage sites in eastern China (Fig. 1, Ta-

ble 1). The storage potential of the selected sites was evaluated 

using published data or data provided by the Research Insti-

tute of Petroleum (PETROCHINA). Particular oilfields, sa-

line aquifers and un-exploitable coal beds were investigated. 

Several test sites are available in some of the oilfields. The 

storage potential in oilfields is 10–500 Mt, (pilot scale level; 

Fig. 1, Table 1). Following this, a CO2 transport infrastruc-

ture based on connecting CO2 sources and storage sites by 

pipeline or ship has been suggested (Fig. 1; Table 1).

The saline Jiyang aquifers in the Huimin sub-basin show 

storage capture at an industrial scale (around 50 Gt; Fig. 1, 

Table 1), but further geological investigations are required. 

The security of energy supply is a key consideration in China, 

and enhanced oil recovery (EOR) could be an option. Some 

of the oilfields in the Dagang and Shengli oilfield complexes 

may be suitable for an enhanced oil recovery pilot project. 

Injecting CO2 into oilfields approaching depletion will not 

only store CO2, but may also enhance or prolong oil recovery 

(COACH 2009).

The coals of the Kailuan coalfield have low permeability 

and probably low injectivity, but a high theoretical ability to 

adsorb CO2 (Fig. 1, Table 1). In general, however, the stor-

age capacity in coal seams is uncertain. On the other hand, it 

has been demonstrated that injection of CO2 into coal beds 

can lead to methane production (enhanced coal bed methane 

recovery; Yu et al. 2007). At the same time it is a very at-

tractive option for geological CO2 storage as CO2 is strongly 

absorbed onto the coal.

Two scenarios for possible CO2 capture and storage dem-

onstration projects have been proposed by work package 4, 

based on the mapping of emission point sources, geology, 

and capacity estimates by work package 3 together with eco-

nomic analyses. The first scenario is for a pilot scale site with 

0.1–1 Mt CO2/year stored in the Dagang or Shengli oilfield 

complexes. The second scenario is intended for industrial-

scale storage at 2–3 Mt CO2/year, which could be accom-

modated in the Shengli oilfield complex or potentially in the 

saline formations in the Huimin sub-basin. The pilot scale 

scenarios focus initially on enhanced oil recovery for storage 

where this is feasible. The large-scale option could begin with 

enhanced oil recovery but would need to switch to saline 

472 Mt using CSLF methodology 
and 463 Mt using CUP method

Table 1. Summary of geological sites assessed for geological storage of CO2 after Zeng et al. (2009)

Storage site Capacity Injectivity Seal

Dagang oilfield complex Selected 7 fields 22 Mt 
Largest Gangdong field 10 Mt

1000 mD
Some compartmentalisation by
faulting and stratigraphy

Mudstones

Shengli oilfield complex 1000–2500 mD 
Some compartmentalisation 
by faulting and stratigraphy

Lower Jurassic 
mudstones

Huimin Sag aquifers
(Jiyang)

For Huimin sub-basin 50 Gt 
For selected troughs in sub-basin 0.7 Gt

Permeability around 1600 mD
in neighbouring oilfields

Mudstones of 
Minghuanzhen Fm  

Kailuan coalfield 504 Gt adsorbed onto coal and 
38 100 Mt void capacity

Permeability generally low
3.7 mD in Taiyuan Formation and
0.1 mD in Shanxi and Xiashihezi Fm

Mudstones
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aquifer storage once the potential reservoir and sealing for-

mations have been adequately investigated. Both scenarios 

are based on capture of CO2 from the Tianjin GreenGen 

power plant (COACH 2009).

Final remarks
In 2005 construction began of the coal-based Tianjin Green-

Gen power plant (Fig. 1) and electricity production started 

in 2009. It will be the first near-zero emission power plant in 

China. Research over the next decade is expected to develop 

and demonstrate the efficiency of coal-based power genera-

tion, mostly by recycling energy lost in the process. The goal 

is to achieve sustainability of coal-based power generation.

The project concludes that there is significant potential to 

develop carbon dioxide capture and storage technologies in 

China and to make major reductions in CO2 emissions over 

the next century.  

Experience from the storage sites Sleipner in the Norwe-

gian North Sea, In Salah in Algeria, Nagaoka in Japan, Frio 

in USA and other sites shows that geological structures can 

safely accommodate CO2 produced and captured from large 

point sources. Thus, geological storage of CO2 can contri-

bute considerably to the reduction of CO2 emission in China 

and other countries.
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