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Abstract

The WP6 ‘International cooperation’ includes the initiation of technology transfer in China (WP6.1) and
actions for promoting and developing the CO2 Capture and Storage in countries of the Carbon
Sequestration Leadership Forum – CSLF (WP6.2). In China, the study in a test area was applied to the
Hebei province. The total CO2 emissions in this province amount to 220Mt/y. The hydrocarbon fields of
the Huabei petroleum province exhibit a relatively low total storage capacity ≤ 215Mt CO2, of them 83Mt
for the Renqiu field alone. At this preliminary stage of study, estimating the storage capacity in aquifers is
still uncertain: Based on different hypotheses, a conservative range of values of 370-750Mt in the Tertiary
sandstone was proposed. All relevant data were inputted to a Geographic Information System (GIS) and
training sessions on GIS were provided all along the project. In an enlarged framework of cooperation, a
dedicated type of Decision Support System (DSS), was initiated on own budget by TU and BRGM
(KimCarnot project). This specific tool is going to be applied to other CCS projects in China. Periodic joint
coordination meetings were held with other EU CCS projects (COACH, NZEC, STRACO2). The results of
this study were published through a GHGT9 paper. In Russia, a two years project “Assessment of the
Feasibility of CO2 Storage in the Russian Permafrost” (http://www.ibes.be/permafrost/) was carried out
with the Siberian branch of the Russian Academy of Sciences in synergy with EU-GeoCapacity. At the
end, this two-year project, funded by INTAS, delivers conclusions about the safety role of the Permafrost
and specific conditions of CO2 geological storage in abnormal geothermal gradient in Western Siberia. In
India, BRGM and BGS attended the International Workshop on “Carbon Capture and Storage in the
Power Sector: R&D Priorities for India” held in New Delhi, 22-23 January 2008, with two presentations on
CCS (European and Indian experiences). This high level workshop, placed under governmental auspices,
made a point on CO2 mitigation and CCS in India. Following this unique opportunity, an Indian/European
consortium was built and a proposal was submitted to FP7 topic ENERGY.2008.5.2.1: “CCS – Capacity
building with the large emerging economies”.
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1

SUMMARY OF WORK DONE

The WP6, ‘International cooperation’ had the objective to determine if CCS technology is a
viable method for widespread action in CSLF (Carbon Sequestration Leadership Forum)
countries with China as the first example. Therefore, through an international cooperation, it has
to facilitate technology transfers and joint working actions. It comprises of two WP’s: WP6.1
‘Initiation of transfer technology to China’, and WP6.2 ‘Framework for international
cooperation’.
The Carbon Sequestration Leadership Forum is an international climate change initiative that is
focused on development of improved cost-effective technologies for the separation and capture
of carbon dioxide for its transport and long-term safe storage. The purpose of the CSLF is to
make these technologies broadly available internationally; and to identify and address wider
issues relating to carbon capture and storage. This could include promoting the appropriate
technical, political, and regulatory environments for the development of such technology. The
CSLF is currently comprised of 22 members, including 21 countries and the European
Commission. Membership is open to national governmental entities that are significant
producers or users of fossil fuel and that have a commitment to invest resources in research,
development and demonstration activities in carbon dioxide capture and storage technologies.
(Source: http://www.cslforum.org/about.htm )

1.1

WP6.1 Initiation of technology transfer in China

Similarly to the programme carried out in parallel with the EU GeoCapacity partners, the
objective of this WP was to make an inventory of CO2 emissions sources in one province, assess
the storage capacity in one test area (e.g. petroleum province or aquifer system) and, using the
available data at this scale, propose scenarios of sources-sink matching. This objective was
achieved according to the Description of Workpackage (DoW) through the following tasks:
− Training on the methodology for determining geological storage potential. This will be
achieved by focusing on one province with large CO2 point sources and investigate the
storage potential. Training will involve meetings, presentations and short courses: The study
was applied to the Hebei province, which is located in the Bohai Basin, NE China, and meet
these requirements. Meetings, presentations in short courses were held during the three years
in connection with the other projects: formal official meetings (NZEC), joint general
assembly meetings (COACH), specific meetings (GeoCapacity), and thematic meetings
(NZEC/COACH/GeoCapacity Basin Workshop). Except one COACH meeting in RueilMalmaison (France) and the basin workshop in Dongying (China), all the meetings were
held in Beijing.
− Collation and addition of capture-storage data into the project GIS. This will include GIS
training if necessary. This will run with WP1 and the data will be to the standards defined in
WP4. The deliverable D32 ‘Data inputted into the project GIS capture-transport-storage
system in China’ was fulfilled with the following numerical data sets which are related to
D31 content:
 CO2 emission sources in Hebei province (points)
 Oil and gas pipelines in the Jizhong depression (polylines)
 Hydrocarbon fields in the Jizhong depression (polygons)
 Injection points in 25 hydrocarbon fields in the Jizhong depression
 Extent of the Tertiary Guantao aquifer at depths >850m (three tectonic sags)
(polygon) with one injection point by sag (points)
 Thickness of the Guantao aquifer in the Jizhong depression
 Structural base map (raster)
D 35
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Two formal training sessions for beginners on GIS were given by BGS in Beijing, and
informal follow up for advanced users of ArcGIS was provided by BRGM all along the
project.
− Addition of data and application of the DSS to assess the economics of a chosen
oil/gas/coalfield province will complement the case studies in WP2: The case studies
described in WP2 for Europe are complemented by the case study of the Jizhong depression
(this report). Due to the specific Chinese context, a dedicated type of DSS, based on GIS
grids and least cost calculation was initiated thanks to a separate cooperation work on own
expenses by 3E/INET (Tsinghua University) and BRGM. This specific tool built on
respective experiences of both partners (Chen et al, GHGT9 Washington, 2008) and is
designed to be applied to the other ongoing EU/UK CCS projects in China, namely the Jilin
province after the Hebei province.
− Evaluation of the methodology used and feasibility of application to all of China: The
GeoCapacity experience is currently useful for the other EU (COACH) and UK (NZEC)
projects which cover other provinces of the same basin and other basins in other provinces.
− Dissemination of lesson learnt and products to other provinces: as mentioned here above,
clustering with other European projects in China is going to develop a synergy between
them. The results of this study were brought to the International Community through a
GHGT9 paper and oral communication. Bridges through BRGM exist also with regulation
and economic aspects (EU STRACO2 project).

1.2

WP6.2 Framework for International cooperation

The objective of this WP was to establish links of cooperation with major CO2 emitters of the
CO2 Sequestration Leadership Forum, namely the emerging economies China, Russia, and India.
Achieving this objective supposed to identify specificities, partnerships, and projects in these
countries, and to initiate sustainable contacts and exchanges with stake holders and institutions
in order to promote CCS knowledge, use and implementation.
These objectives were achieved through the following scheduled tasks:
−
Establish communication links between GeoCapacity partners and CSLF countries to
initiate the technology transfer (based on WP6.1 and CO2GeoNet experiences). This aspect
was developed mainly with China, by the cooperation of BRGM, BGS, and GEUS; in India,
through BGS and BRGM, and in Russia, through BRGM, IBES (International Bureau for
Environmental Studies, Brussels) and University La Sapienza Roma (CO2GeoNet)
−

D 35

Using recommendations and lessons learnt from WP6.1, develop a framework for
technological cooperation in CCS for other CSLF countries, i.e. India and Russia.
According to the DoW, this was achieved by identifying institutes and stake holders, and
building on existing contacts the projects partners have (BRGM, GEUS, BGS). In Russia,
the current project INTAS 06-100025-9220, 'Assessment of the Feasibility of CO2 Storage in
the Russian Permafrost', according to its objectives, 'uses synergies with other European
projects, especially EU-GeoCapacity'. In India, the IEAGHG R&D Programme project: 'CO2
Storage Potential in the Indian Subcontinent', was recently completed and carried out in its
Indian part by BGS, Maulana Azad National Institute of Technology, Indian Institute of
Management (Ahmedabad) and an India-based geological consultancy. Taking into account
the present Indian context, and based on the BRGM/BGS background in India, a new
enlarged Indo-EU partnership was created in 2008 at the initiative of BRGM, BGS and
Energy Research Centre of the Netherlands (ECN) to promote further CCS projects in India.
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2

COOPERATION ACTIONS IN CHINA

As the fastest developing nation, China’s greenhouse gas (GHG) emissions are growing and
represent a worryingly increasing part in global emissions contributing to climate change.
Therefore, GHG-mitigating technologies need to be implemented to tackle this worldwide issue.
Carbon Capture and Storage (CCS) is part of the solution and China deploys more and more
efforts on research on CCS through national, international and European projects such as NZEC,
COACH, and GeoCapacity projects. The EU-GeoCapacity project, initiated in 2006, aims at
evaluating CO2 geological storage capacity in Europe. However, the sixth work-package (WP6)
is devoted to international cooperation with CSLF member countries, notably China. One of the
main partners is the Institute of Nuclear and New Energy Technology (3E/INET) at Tsinghua
University (TU), Beijing.

2.1

WP6.1: CO2 sources, transport and storage in a Chinese province

2.1.1

Study area: geographic and geologic setting

Due to major industrial emission sources, hydrocarbon potential and deep clastic reservoirs of
Tertiary age, the Bohai basin, located in the east of the North China Platform (Figure 2-1), was
selected for this first test study. The Bohai basin is a Cenozoic basin of about 200,000km2,
bounded in the west and in the north by the Taihang Shan and the Yan Shan, and extents in the
east offshore under the Bohai bay (Bohai bay basin). In the north, it exhibits a narrow very deep
trough on the location of the present Liao He River.It is the China’s second most productive
hydrocarbon basin with annual oil production of 60 Mt.

Figure 2-1 - Tectonic location map of the Bohai Basin (Yang and Xu, 2004, modified from Zhou
and Graham, 1996)
D 35
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The People Republic of China, with an area of 9.6 million Km2, is divided into 23 provinces,
five autonomous regions, four municipalities under the direct jurisdiction of the Central
Government, and one special administrative region (Figure 2-2).. The Bohai basin covers six
provinces from north to south: Liaoning, Hebei, Shandong, Henan, and Beijing and Tianjin
Municipalities. For reason of scale, it has been agreed between the partners, that the
GeoCapacity Project would be focused on the Hebei province, while the COACH project
worked on the Shandong province, The UK NZEC project working on other sedimentary basins,
namely on the Songliao basin, beginning by the Jilin province, north of Liaoning.

Figure 2-2 - Location map of the Hebei province and of the Bohai basin with its Cenozoic
structures, including the Jizhong depression (ArcGIS)
Hebei Province is geographically located between 36°05' to 42°37' North Latitude and 113°11'
to 119°45 East Longitude lying in the North China Plain, encompassing Beijing and Tianjin,
stretching to the Inner Mongolia Plateau, and facing the Bohai Sea to the east (Figure 2-2). It
covers an area of 188,000km2 with a population of more than 68 million. The topography of
Hebei slopes down from northwest to southeast. While mountains, hills and highlands cover its
D 35
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territory in the northwest with scattered basins and valleys, vast plains stretch over the central
and southeastern part of its land. The major cities in Hebei province include Shijiazhuang,
Xingtai, Handan, Hengshui, Cangzhou, Baoding, Langfang, Tangshan, Qinhuangdao, Chengde,
and Zhangjiakou.
For potential storage sites, the study focuses on the hydrocarbon fields and the deep aquifers
located in the Jizhong depression of the Bohai basin. From a geological point of view, the
subdivision in provinces could not be applied to geological features. The Bohai basin is
subdivided into tectonic compartments with highs and depressions. Within the Hebei Province,
and in the west of the basin, the Jizhong depression, a NE-SW half-graben structure of
approximately 28,000km2, is the main tectonic feature. It is 300km long from south to north and
80-130km wide from east to west.
The Jizhong depression is tectonically structured in uplifted (“rises” or “uplifts”) and
downthrown (“sags”) compartments. There are 12 depressions covering an area of 20,590 km2,
and 7 highs with an area of 7,780 km2. The deepest zones of the “sags” are named “troughs” and
several “troughs” may occur in sag. The total number of troughs is 26 (Figure 2-3).

Figure 2-3 – Sags (yellow) and throughs (blue) nomenclature in the Jizhong depression of the
Bohai basin (©IGGCAS)
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2.1.2

CO2 emission sources in the Hebei Province

2.1.2.1 Bulk CO2 emission based on energy balance
The bulk of anthropogenic global CO2 emissions are caused by fossil-fuel energy use. Analyzing
the energy balance of Hebei province can help identify key source categories where CO2 capture
and storage could be applied. CCS is well suited to large stationary point sources, such as power
plants, and less appropriate for smaller or dispersed point sources. Therefore, not only the total
quantity emitted by a given source category, but also the emission by source, should be
considered when assessing the potential for CO2 capture.
Table 2-1 shows CO2 emission by source category in Hebei. The emissions were calculated
based on the year 2005 energy balance. The energy use is multiplied by the carbon content per
unit of energy. The table shows that total emissions in Hebei province amounted to about 600 Mt
CO2 in 2005, of which 154 Mt CO2 were from thermal power and heat supply.
Table 2-1 - CO2 emissions by sector in Hebei (Unit Mt CO2/yr)
Total Primary
Energy
Consumption
Transformation
Sector
Thermal Power
Heating Supply
Final Energy
Consumption
Industry
Transport Sector
Residential
Commerce/Services

Coal

Petroleum
Produced

Natural
Gas

Others

Total

417.7

54.5

2

8.9

608.4

271.3

30

0

0.9

301.6

134.4
18.4

0.4
0.2

0
0

0.9
0

135.7
18.6

146.4

25.1

2

8

306.9

117.9
1.2
19.6
6.4

7.2
11.8
2.3
1.5

1.8
0
0.2
0

7.5
0
0.5
0

257
13
22.6
8

From the above analysis, it can be concluded that the electricity generation and industrial sectors
offer the best potential for large-scale, centralized capture of CO2. The electricity sector is a
prime candidate for CO2 capture and the relevance of a CCS strategy for the electricity sector
will increase in the coming years. The industry sectors, especially the manufacturing sector for
total global energy use and related environmental impacts, make it a second important category
where CO2 capture could be applied. The importance of the industry sectors for CCS will
decrease.
2.1.2.2 Inventory of the major CO2 sources (>100kt/y)
Geo data base and table of attributes
Figure 2-4 shows the windows of CO2 sources database and the main parameters needed in the
database. The main parameters are sector, the plant name, city, state province, country,
longitude, latitude, status, start year, shut year, CO2 estimation, year estimation, production, unit
production, full load hour, capacity, unit capacity, emission factor, main fuel, other fuel, info
source and remarks.
Among the main parameters, the sector, the plant name, city, state province, country, longitude,
latitude, status, start year, shut year, year estimation, production, unit production, capacity, unit
capacity, main fuel, other fuel, info source and remarks are investigated by published data.
CO2 estimation was calculated using various methods according to various sectors.
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Figure 2-4 - Screenshots of the CO2 sources data input forms
CO2 emission calculations
In general, emissions of CO2 from stationary sources are calculated by multiplying fuel
consumption by the corresponding emission factor. “Fuel Consumption” is estimated from
energy use statistics. Fuel consumption data in mass or volume units must first be converted into
the energy content of these fuels.
The calculation of emission estimate requires the following for each source category and fuel:
− Data on the amount of fuel combusted in the source category
− A default emission factor
Emission factors come from the default values provided by IPCC report (IPCC, 2006) or
recommended by experts.
Large CO2 emission sources in Hebei Province
There are many anthropogenic sources of CO2 within Hebei province. The focus within this
study is on large stationary source CO2 emitters, such as power plants, ammonia production, iron
and steel production, cement kilns and oil refineries. Among the 88 collected enterprises, there
are 42 large CO2 point sources with annual emissions larger than 1 Mt CO2 (Table 2-2).
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Table 2-2 - Large CO2 sources and emissions by sector in Hebei Province
Type

Power

Total
enterprises
annual
Number
Number
productio
130
42

Iron & Steel

9

24Mt

Collected enterprises
annual production

CO2 estimated
(Mt CO2/yr)
137

% of Total
Emissions
62.08%

9

24Mt (100%)

47

21.30%

Cement

386

88.5Mt

18

31.4Mt (35%)

26.5

12.01%

Ammonia

50

3.3Mt

16

1.9 Mt (58%)

8.1

3.67%

Oil refinery

3

9.4Mt

3

9.4Mt (100%)

2.1

0.95%

220.7

100%

Total

88

Among the 42 CO2 point sources with annual emissions ≥1 Mt CO2. The most important point
sources are power plants, with up to 19Mt/y (Guohua Cangdong) and steel integrated plants
(Tang Steel), with up to 12Mt/y.
−

Power: In 2004, 130 thermal power plants had a capacity over 6 MW. Among them there are
42 power plants with capacity over 50 MW and all of them are coal-fired power plants. The
average operation hours of these 42 power plants are 6350 hours per year and the average
gross coal consumption rate is 350 gce/kWh. Among these 42 power plants the minimum
CO2 emission of individual power plant is 0.2 Mt of CO2 per year emitted by Handan
Thermoelectricity Plant. Therefore, the CO2 emission of those power plants with capacity
below 50 MW is less than 0.2 Mt of CO2 per year and CO2 capture from such very small
point sources would likely prove to be uneconomic. Moreover, China plans to accelerate
efforts to close small coal-fired units that use outdated technology and excessive energy.
Consequently, those power plants with capacity below 50 MW were not selected to estimate
the CO2 emissions. The amount of CO2 emission from these 42 sources estimated to be 137
Mt of CO2 per year.

−

Iron and steel: In 2003, nine iron and steel plants had a total annual production of 24Mt
steel. These 9 plants are located in the city of Tangshan, Handan, Chengde, Xingtai,
Zhangjiakou and Shijiazhuang. Tang Steel is the biggest enterprise among these 9 iron and
steel plants and the production was above 6 Mt steel in 2003. The amount of CO2 emission
from these 9 sources estimated to be 47 Mt CO2/yr.

−

Cement: In 2004, 386 cement/clinker production enterprises had total production of 88.5 Mt.
Among them there are 18 main enterprises whose total production was 31.4 Mt and
accounted for 35% of the total production in Hebei province. Because of the huge pressure
of saving energy and resources, some medium and small producers were on the verge of
being unprofitable and have been forced to close down. Moreover, the CO2 emission
amounts from the medium and small cement producers were relatively small and did not suit
CO2 capture. Therefore, these 18 main enterprises were selected to estimate CO2 emissions
and the amount of CO2 emission from these 18 enterprises estimated to be 26.5 MtCO2/yr.

−

Ammonia: In 2005, 50 ammonia production enterprises had a total production of 3.3 Mt.
Among them there are 16 main enterprises whose total production is 1.9 Mt (58%). The
amount of CO2 emission from these 16 enterprises estimated to be 8.1 Mt CO2/yr.

−

Oil refineries: In 2005, three oil refineries (Shijiazhuang refinery and Cangzhou refinery to
SINOPEC and Huabei Petrochemical Company to PetroChina) refined 9.4 Mt of crude oil.
The scale of these three plants is similar. The amount of CO2 emission from these 3
enterprises estimated to be 2.1 Mt CO2/yr.
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GIS map (Figure 2-5) shows the location of the final 88 large anthropogenic CO2 point sources
with annual emissions of at least 100kt. In total these plants emit more than 220 Mt CO2 per
year. As shown, the vast majority of the sources are concentrated in areas such as the Northeast
and Southwest parts of Hebei province. The biggest three CO2 point sources are Cangdong
power plant located in the city of Cangzhou, Zhangjiakou power plant located in the city of
Zhangjiakou and Tang steel located in the city of Tangshan. The CO2 emission amount of these
sources was 18 Mt CO2, 14 Mt CO2 and 11 Mt CO2 respectively

Figure 2-5 - Location of large CO2 sources in Hebei Province (ArcGis)
This map demonstrates that the electric power industry accounts, by far, for the highest
proportion of CO2 emissions from large stationary sources within Hebei province, in terms of
both number of plants and total emissions. Within this sector, approximately 62% of the CO2
emissions are from coal-fired plants. The three top CO2-emitting sectors - power, iron & steel
and cement – contribute fully 95% of the region’s total large stationary source CO2 emissions.
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2.1.3

Geological storage
2.1.3.1 Target area: the Jizhong depression

Like the rest of the Bohai Basin, the Jizhong depression, which has been selected for this study,
comprises a Protero-Paleozoic and Mesozoic substratum which consists mainly of carbonate,
affected by faults and forming the so called ‘buried hills’, and a thick Tertiary clastic infill,
overlying unconformably this substratum. Faults have controlled the basin extension and the
high sedimentation rates with several kilometres of sediments accumulated during the Tertiary
(Figure 2-6). This dynamics created good conditions for oil and gas maturation, as well as for
reservoir and trap formation at different depths. The Jizhong depression includes major
hydrocarbon fields, namely the Renqiu oil (and gas) field, reservoir potential in 'buried hills' and
tertiary cover, a pipeline network, and various industrial sources of CO2.

Figure 2-6 - NW-SE cross section of Jizhong depression (Allen et al., 1997) through Langfang
Guan (‘Langgu’) and Baxian (‘Bazhou’) sags (location Figure 2-3)
2.1.3.2 Stratigraphic column
It comprises from bottom to top:
− Metamorphic rocks of Archean and early Proterozoic, overlain by carbonates of the ‘Huabei
Platform’1.
− Mid-late Proterozoic and early Palaeozoic: dominantly carbonate, thickness 4000 to 6000m;
− Late Palaeozoic and Permo-Carboniferous: mainly thin bedded limestone, coal beds and
sandy mudstone, thickness 0 to 1300m;
− Mesozoic: dominant siliciclastic rocks containing volcanics, thickness 1000 to 3000m;
− Tertiary: sandstone with shale inter-layers, thickness from 1000 to 8000m, (Figure 2-7).
2.1.3.3 Conditions of sedimentation
The mid-late Proterozoic and the early Palaeozoic offer stable of shallow open sea conditions,
changing during the Palaeozoic to littoral and continental environments. During the Mesozoic,
fluvio-lacustrine environments were interrupted by volcanic events. And during the Tertiary,
very thick fluvio-lacustrine series filled tectonic depressions
The main layers bearing hydrocarbons are the Jixian system (Precambrian), the Ordovician and
the lower Tertiary; other accumulations are found in the Cambrian and in the upper Tertiary.

1

Huabei region includes four provinces (Hebei, Shanxi, Shandong and Henan), two cities (Beijing, Tianjin) and one
municipality of Inner Mongolia)
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Figure 2-7 - Simplified lithostratigraphic section of the Jizhong depression (USGS, 1989)
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2.1.3.4 Source beds
The main source rock in Jizhong depression is the Paleogene Shahejie formation unit Es3, and
next are units Es4 and Es1. The source beds have a maximum thickness of over 1,000m in the
centre of the depression. This major oil-generating rock series provides an oil source for the to
oil pools of the buried-hill and of other tertiary formations through 'fault facture mesh' (Zhang, et
al., 2004, Zeng and Yu, 2006).
2.1.3.5 Selected hydrocarbon fields
IGGCAS and 3E/INET have selected 25 hydrocarbon fields of the 28 of the Huabei Petroleum
Province (or Huabei Complex) in the Jizhong depression (Figure 2-8),.
Note on Figure 2-8 that:
− near Yongqing is Bieguzhuang,
− with Nanmeng are Guxinzhuang and Longhuzhuang,
− Hezhuang and Hezhuangxi are in the Shenxi group,
− in the east of Renqiu are the small fields of Balizhuang, and Xuhezhuang,
− Zhaozhouqiao, Jinqiu, in the south, and Fengheying, in the north were not selected by
IGGCAS and 3E/INET.

Figure 2-8 - GIS geographic and structural location map of the HC fields (ArcGis, base map
from 90m DTM and Allen et al., 1997)
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2.1.3.6 Characteristics of the HC fields
Most of the selected fields belong to the 'buried hills' type in fractured and karstified carbonate
(mostly dolomite). The Wenan oil field is located in Permo-Carboniferous sandstone. The
selected Tertiary oil fields are located mostly in sandstone of the Oligocene Shahejie formation,
and in the overlying Dongying formation (Figure 2-9). Although, through processes of “fault
fracture mesh” (Zhang et al., 2004) the Miocene Guantao Formation is one of the most
promising HC reservoir in the Bohai Basin, especially in Bozhong and Zhangua superdepressions, this type of field is not represented in the present selection.

Figure 2-9 - Schematic cross-sections of the burried hill Renqiu and Tertiary Chaheji oil fields
(USGS, 1989)
ZY: middle and late Proterozoic, OC: Cambro-Ordovician, Pe: Paleogene, Pek: Kongdian Fm., Pes1-4 Shahejie Fm.,
members 1-4, Ped: Dongying Fm., QN: Neogene and Quaternary.

The total original oil in place (OOIP) is estimated ~900Mm3, of which ~450 for the giant
Renqiu alone and 23 Bm3 gas, of which about the half for Suqiao. Only the total reserves values
being available, an estimation of the most probable expected recovery or recovery factor (RF)
was taken or inferred from data published in the literature (e.g. Laherrère 2008, J. Allan and
Qing Sun, 2003). Usually a RF of ~20-30% can be expected in the buried hills dolomitic
reservoirs and a RF better than 60% could be expected for gas.
This estimation gives 247Mm3 oil, for the 25 fields, not far from the 262.5Mm3 (2.2Gb) for 27
fields of the Huabei complex estimated by Laherrère and a volume ≥1.21Bm3 gas.
The recovery is given at standard surface conditions. The corresponding oil and gas volumes at
reservoir condition, both given in Mm3, are calculated by multiplying the volume at the surface
by the oil or gas formation volume factor (FFV).
2.1.3.7 CO2 storage capacity in HC fields
The estimation of the CO2 storage capacity in Mt was performed by using the following formula:
CO2(Mt)=UR(Mm3)*FFV*ρCO2
The ultimate recovery (UR), or volume at the surface, is used to estimate the equivalent
maximum reservoir volume in which CO2 can replace the extracted oil. This simplified estimate
does not take into account EOR, and considers a nearly-depleted field. EOR procedures can be
evaluated in the WP3 by using an IFP calculation model.
The CO2 density is related to pressure and temperature by the equation of state of Span and
Wagner (Journal of Chemical Reference data, vol 25, n°6, 1509-1596). From the cross plots T
versus P and P versus depth plotted for the selected HC fields, the Jizhong depression exhibits an
average gradient of 34.1°C/Km and 9.2MPa/km. wich can be compared with averages values of
36.4°C/km in the Bohai Basin (Xiao et al., 2001 in Hu et al., 2001), and of 37°C/km for the
Jizhong depression (Teng et al., 1983 in Tian, Han, and Xu, 1991).
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Finally, accounting for recovery factor and for CO2 density, the total Huabei complex exhibits a
relatively low storage capacity of ~215Mt CO2, 184 corresponding to an equivalent oil volume,
and 31 to an equivalent gas volume. The Renqiu field alone offers a potential of ~83Mt (Figure
2-10).
CO2 storage capacity in 25 Huabei HC fields
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Figure 2-10 - CO2 storage capacity in 25 of the Huabei HC fields
2.1.3.8 Targeted aquifer system for geological storage
The major aquifer systems of the Jizhong depression are located in the karstic fractured
carbonates of the 'buried hills' (Ordovician, Cambrian and Jixian-Wumishan group reservoirs,
Wang Kun et al.) and in the sandstones of the Tertiary clastic deposits. The Neogene formations,
with a thickness trending from 1700 to 2500 metres partly seal the relief developed during the
Paleogene (Figure 2-11). From base to top, the system includes two lithological units, the
Miocene Guantao Formation and the Pliocene Minghuazhen Formation.

Figure 2-11 - Interpreted seismic W-E cross section of the Jizhong depression trough the
southern area of the Baxian sag (Zhao and Windley, 1990)
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2.1.3.9 Guantao reservoir: properties and cap rock
Unconformably overlying the Paleogene, the targeted Guantao Formation consists of fluvial,
fining upward deposits with high permeability sandstone bodies. It exhibits a total thickness of
~60 up to 700m and a bottom depth of 500-2000m in the Jizhong Depression. The best waterbearing reservoir is in the lower portion of the formation.
The depositional model comprises from east to west a transition from fine grained lacustrine
deposits in the area of the present offshore Bohai Bay to meandering river (Zhanghua /
Dongying depression), and to coarse grained braided river and alluvial fan in the west (Yang and
Xu, 2004). Vertically, it exhibits similarly a fining upward flooding sequence. Therefore, the
best connectivity of the reservoir is expected in the Guantao 2 basal member and in the direction
of the Jizhong depression. The rock properties are good with porosity between 21-34% and
permeability between 2-2500mD with an average of 250-450mD (Yang and Xu, 2004). The net
to gross ratio ranges between 25-75% in the Lower Guantao to 13-40% in the Upper Guantao.
The sandy horizons are generally 5-15m thick, and up to 20-30m (Zhang et al., 2004, Liu et al.,
2002, Guo and Chen 1997). The total dissolved solid (TDS) of 1000-3600 mg/l increases with
depth.
The cap rock consists of shales in the lower portion of the overlying Minghuazhen Formation
(Figure 2-12).The Minghuazhen Formation is a coarsening up sequence, dominantly aquitard in
its lower part, and aquifer near the top. Top depths range between 200-400m. Porosity decreases
with depth. Hydro-chemical properties are similar to those of the Quaternary aquifer system.

Figure 2-12 - Mio-Pliocene general sequence (Yang and Xu, 2004)
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2.1.3.10 Structure of the Guantao Formation
Compiling various structural data (Yang and Xu, 2004, Petroleum geology of China, 1993) and
using both BRGM software, GDM® and Dynamic Graphics software, EarthVision® a threedimension model of the Guantao formation in the Jizhong depression was constructed enabling
various manipulations including cross sections and volumetric calculations (Figure 2-13).

Figure 2-13 - 3D model of the Guantao Formation in the Jizhong depression (©BRGM)
2.1.3.11 Depth constraints
Most of the deep structures differentiated since the beginning of the Tertiary had been filled by
the end of the Paleogene and a major unconformity separates the Neogene from the older
horizons. As shown by seismic sections (Figure 2-11, Zhao and Windley, 1990) and by the
structural model Figure 2-13), during the Neogene, four major sags controlled by fault blocks
are still active along a central trough within the Jizhong depression: from south-west to northeast: Shenxian, Raoyang, Baxian and Wuqing. Modelling of the Guantao geometry from
published data (Allen et al., 1997; Petroleum Geology of Huabei field, 1993) indicates that
storing CO2 under a critical depth of 850m is possible within these blocks only.
Storing CO2 at a supercritical state implies a minimum depth. From top and bottom depth maps,
it appears that a trough where a maximum thickness of sediment was deposited and with a
present depth greater than 850 extends from NE to SW and corresponds to the Wuqinq, Baxian,
Raoyang and Shenxian depressions (Figure 2-14).
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Figure 2-14 - Depth of the top Guantao formation > 850m (©BRGM GDM/ArcGIS, structural
base map from Allen et al., 1997)
Using cut off on depth, 'net to gross' ratio (ratio between sand and total sediment in the
formation), porosity and other options, such as traps in local structures, the delineation of which
is not available yet, a pore volume could be estimated.
2.1.3.12 Storage capacity in the Guantao Formation
In the present knowledge and with publicly available data, only assumptions based on different
scenarios were possible to estimate storage capacities in this aquifer. Two hypotheses, based on
conservative storage estimations are proposed hereunder.
Closed aquifer, total formation below 850m, no trap
The aquifers storage capacity is calculated using the useful pore volume below the critical depth,
the CO2 density at reservoirs conditions and a critical storage efficiency which depends on the
boundary conditions. The equation is as follows:
CO2 Storage Capacity = Pore volume * CO2 Density*Storage efficiency
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From our preliminary model, the surface covered by the Guantao Formation in the condition of
storage (depth of top Guantao >850m, or base Guantao >1100m) is 12384km2. Accounting for a
mean thickness of 382m in the suitable area, a net to gross of 30% and a mean porosity of 25%,
the pore volume in the sand for the total Guantao would be 355000Mm3. Assuming that, in the
worst case, due to tectonic and hydraulic confinement, no discharge from the aquifer system
occurs during the CO2 injection, the available volume would be created by water and pore
compressibility.
Assuming typical values of 6.10-5bar-1 for pores and 4.4.10-5bar-1 for water, and admitting a
maximum over-pressure of 15 bars (~10% of the hydrostatic pressure), and a porosity of 25%,
according to the equation VCO2 = Vpores*(Cw+Cp)*Δp(GeoCapacity WP4) the storable volume
of CO2 would be 553Mm3 and the storage efficiency VCO2/Vpores would be 0.16%. For a CO2
density of 0.67 at a mean depth of 1400m, the corresponding CO2 storage capacity CMt=VCO2
*ρCO2 would be 371Mt only.
In conclusion, CO2 injection needs water discharge from the aquifer to store efficiently the CO2
streams currently emitted. In that case, the pressure increase will be controlled in addition by the
boundary conditions and the aquifer transmissivity T=k*e, i.e. by the diffusivity.
Open aquifer, a single highly permeable horizon, fault blocks
In a different hypothesis, considering a single sandy horizon with a thickness of 15m in the
Lower Guantao with a net to gross ratio of 80%, assuming, by lack of data on hydraulic
parameters, an arbitrary storage efficiency of 3% due to water discharge (or pumping out), and
accounting for isolated fault blocks corresponding to each sag, the mass of CO2 stored would be
525Mt in Shanxian-Raoyang, 100Mt in Baxian, and 125Mt in Wuqing sag.
2.1.4

Summary of Sources – transport - storage

A first evaluation of the CO2 emissions and of the storage potential was carried out at the scale
of the Hebei province. The total annual emissions are ~200Mt CO2. The storage potential of the
hydrocarbon fields in the Jizhong depression does not exceed 215 Mt, i.e. one year of emission
for the total. This potential is very low, considering a target of emissions mitigation. However, at
the contrary, numbers of hydrocarbon fields are present and are expected to have a very low
recovery factor, which could be perhaps improved by modern EOR solutions. The biggest CO2
emitters are relatively far (power plants, integrated steel plants) but more modest emitters of
nearly pure CO2 (refineries, fertilizers) are located in the vicinity of the storage opportunities?
Scenarios of EOR from these sources would be interesting to check.
The evaluation of the storage in aquifer would need more knowledge and more data about the
Guantao Formation in th e study area: local paleiogeography, sedimentology, sequence
stratigraphy, petrophysics, structure and hydrogeology (distribution of hydraulic heads, TDS,
and permeability). Due to the favourable evolution of the paleogeographic in this area and to
high porosity and permeability, this aquifer would be worth of further investigation. Due to lack
of data, on pressures and boundary conditions it was unfortunately not possible to make more
volume calculation and the results presented are only prospective, considering the worst
hypotheses.
The Figure 2-15 summarises the study and the data inputted in the associated GIS: sources,
pipelines, hydrocarbon fields and extent of the useful aquifer, in relation with the deep structure.
For linking with the TNO/ECOFYS DSS (WP5) we have proposed scenarios selecting one
hydrocarbon field (Renqiu), one aquifer system (Raoyang) and three CO2 sources, within or at
the periphery of the Jizhong depression, (steel plant, ammonia plant and refinery).
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Figure 2-15 - Summary of the source, transport network and sinks in the Jizhong depression

2.2

WP6.2: Other cooperation actions for CCS in China

2.2.1

Training courses

Besides scheduled courses, on the job training was provided all along the project.
−
−
−
−
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IEA summer school, 19-24 August 2006 in Kloster Seon (Germany): Participation of three
TU Chinese and of two BRGM students ;
Dedicated GIS training courses at Tsinghua U. 24-29 November 2006 by BGS;
Dedicated GIS training courses at Tsinghua U. 16-22 June 2008 by BGS;
One IGGCAS geochemist is invited by BRGM to attend the new training course ‘Modelling
chemical reactivity during CO2 geological storage’ organised by the BRGM - CO2GeoNet
Partnership, 19 - 23 January 2009. This course aims to:

Raise awareness concerning the impacts of geochemical processes on CO2 storage
behaviour from the short-term through to 10,000 years

Acquire basic knowledge on geochemical modelling and become familiar with certain
standard modelling codes

Learn which methodology to adopt when modelling real CO2 storage test cases

Grasp modelling limitations and uncertainties, as well as current R&D challenges
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2.2.2

Clustering with other projects

All along the project, joint meetings or meetings with and invited participations were held to
strengthen the coordination between the different EU CCS projects in China (Figure 2-16), in
particular:
− NZEC conference in Beijing and meeting at Tsinghua University first week of July 2006,
and joint meeting with the Coach project
− Joint COACH KoM (21-22 Nov. 2006) and GeoCapacity WP6 workshop (23-24 November
2006) in Beijing: defining project strategy
− COACH meeting at RIPED, Langfang 10 December, 2007
− NZEC meeting 25-26 January China University of Petroleum (Beijing)
− COACH meeting in Rueil-Malmaison 16 January, 2008
− Sedimentary basins workshop : Joint meeting Coach /NZEC/GeoCapacity – CUP Dongying
- July 2008
− Coach Steering Committee and plenary session – 15/16 October – Beijing : Progress in
connected projects (Geocapacity, NZEC, MoveCBM, StraCO2)
− NZEC workshop – 23/24 October – Beijing : Geocapacity invited
− StraCO2 meeting in Beijing, 4-6 December 2008
Eu-GeoCapacity members are, as well, members of these projects: TU/3E/3E/INET and BGS
(GeoCapacity, Coach, NZEC), GEUS and IFP (respectively GeoCapacity and Coach
coordinators) BRGM (GeoCapacity, StraCO2 coordinator)

Figure 2-16 - Location map of the areas of interest of the Eu-GeoCapacity, Coach and NZEC
projects (BGS, 2008)
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2.2.3

Specific DSS: KimCarnot Project

In order to strengthen this cooperation, Kim Domptail served a one-year internship with BRGM
at 3E/INET from September 2007 to July 2008. For her, it was a gap year in her studies at
French engineering school Ponts ParisTech (ENPC). Her work was jointly supervised by YvesMichel Le Nindre and Delphine Allier in BRGM, and Chen Wenying and Xu Ruina at TU.
Though an independent project, her research benefited from EU GeoCapacity WP6 data.
In order to take into account the local context of the CCS projects in China, it was not possible
to apply strictly and immediately the DSS developed in the WP5 of GeoCapacity. In particular
availability of detailed data on wells, pipelines, hydrocarbon fields and economics and the
agenda of the projects made this application uncertain.
Nevertheless, initially based on the need to determine, by other methods, new routes between
sources and sinks, and to handle risks related to the transport , 3E/INET (Tsinghua University)
and BRGM have developed, on own funding, and in the framework of a cooperation action
recommended by WP6.2, a GIS based DSS (Chen et al., 2008). Methods, based on spatial
analysis of the different criteria to be taken into consideration for building scenarios of CO2
Capture and Storage, have been developed and applied to real case studies in the Hebei Province
(northeast China). Two complementary methods were designed to best match sources and sinks,
accounting for the cost of transport, injection and storage: an algorithm working on pairs of
sources and sinks (Xiang method, 2007), and a spatial analyse on costs grids using functions of
ArcGIS software which takes into account the additional costs of pipeline construction due to
landform and land use (BRGM method, 2008).
This last method of grid-based least cost/risk path calculation has several advantages:
− It is based on the existing GIS, using ArcGIS ‘Spatial Analyst’ and ‘Model Builder’ tools
without any external routine
− The novel approach is to consider several possible paths with different costs to match a
source with a reservoir. Usually, only the distance Source/Reservoir was taken into account
to construct scenarios.
− The second improvement is to construct a single cost grid which takes into account data of
various types: relief, urban areas, pipelines etc.
− The third input is that the method is applicable with a grid of risks which would handle
faults, ground displacements etc.
Source-sink matching on CO2 flux and storage capacity (checking if the sink can accommodate
n years of storage from the source) is operated by runs iteration. At each iteration, the successful
pairs of the previous run are omitted and the least cost paths are recalculated and the capacity
checked with the remaining pairs.
This method was designed for a global approach and an optimisation of the storage considering
initially all existing sources and sinks but can used for selected sources in the same way.
This project is continuing during and after the EU-GeoCapacity project in 2009 through the
LaurCarnot project and TU/IGCCAS-BRGM cooperation.
2.2.4

Other events

Following its participation at Biomass World 2008, held 23-24 September, 2008 in Beijing
(http://www.cmtevents.com/newevents.aspx?ev=080950), BRGM has been involved in the
organization of the CO2 Capture, Storage & Utilization conference, to be held on 5-6 March
2009 (Figure 2-17 ). This conference aims to serve as a starting point for the development of the
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Carbon Capture and Storage industry across Asia. .It will dig deep into technological
advancements, investor outlook and regulatory environment in the CO2 value chain as a solution
for CO2 emission reduction. More information can be found at:
http://www.cmtevents.com/aboutevent.aspx?ev=090313&

Figure 2-17 - Announcement of the CO2 Capture, Storage & Utilization conference

2.3

Conclusions

The China-EU cooperation through the GeoCapacity project was:
Useful for China: Thanks to the effort of all the partners, the GeoCapacity experience in China
was successful and has initiated the impulse for other complementary projects of the same type,
applied to other provinces. The work performed together during the work sessions in China
aided the Chinese team to be more accurate in CCS research.
Useful for other European projects in China: Due to a constant and tight clustering and synergy
with the current European projects in China: COACH, NZEC, STRACO2, the work carried out
in EU-GeoCapacity was shared and can be applied to other provinces of the same basin and
other basins in other provinces.
Useful for China-EU cooperation: Missions to China and to Europe, as well as imbedded
internships have brought to each other cultural and technical satisfactions. In fine, the results of
this study were brought to the International Community through a GHGT9 publication.
It is wished a further efficient cooperation through the ongoing and future cooperation projects.
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3

COOPERATION WITH RUSSIA

In Russia, a two years project “Assessment of the Feasibility of CO2 Storage in the Russian
Permafrost” was carried out with the Siberian branch of the Russian Academy of Sciences in
synergy with EU-GeoCapacity project.

3.1

Aims of the INTAS project in Siberia

The purpose of the project is to assess the feasibility and capacity of CO2 storage in the northern
territories of Russia underlain by permafrost. Based on the experience that has been gained by
EC projects in the investigation of experimental sites for CO2 storage, it assembles information
on the particular conditions of the permafrost, and it evaluates how these conditions will
influence - in a positive or a negative way – the process of CO2 storage. Considering that the
northern territories of Russia are the site of intense oil and gas exploitation, the project also
considers the compatibility of CO2 storage with the oil industry. The project will also
recommend further studies in order to further investigate the technical aspects of the application
of the method in the permafrost.
A major aim of the project is to disseminate the project results and conclusions to decision
makers and to the civil society in order to promote the application of this method in the
considered region. This is achieved through the web site (http://www.ibes.be/permafrost/ Figure
3-1).

3.2

Project partnership

3.2.1

European partners

The project is coordinated by IBES (Prof. Jean Klerkx)
International Bureau for Environmental Studies (IBES)
Brussels, Belgium
BRGM (Y.M. Le Nindre, D. Allier, I. Czernichowski from GeoCapacity team as well)
French Geological Survey, Water Division
Orleans, France
3.2.2

Siberian partners

Geophysics IPGG (Dr Albert Duchkov)
Trofimuk Institute of Petroleum Geology and Geophysics Department of Geophysics
Laboratory of Natural Geophysical Fields
Novosibirsk, Russia
Tomsk Dept. IPGG (Prof. Stepan Shvartsev)
Trofimuk Institute of Petroleum Geology and Geophysics Tomsk Department
Tomsk, Russia
Permafrost Institute (Prof. Mikhail Zheleznyak)
Melnikov Permafrost Institute
Laboratory of Geothermophysics and Prognosis
Yakutsk, Russia
IPC (Prof. Lyubov Altunina)
Institute of Petroleum Chemistry
Department of Petroleum Chemistry
Tomsk, Russia
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At the end, this two-year project funded by INTAS delivers interesting conclusions about the
safety role of the Permafrost and specific conditions of storage in abnormal geothermal gradient
in Western Siberia. Fundamental results are given on the permafrost characterization and on the
guidelines for geological storage of CO2 (http://www.ibes.be/permafrost/HTML/database.htm)

Figure 3-1 - Home page of the Ibes/Intas Permafrost project
In summary, twenty two hydrocarbon fields, containing viscous oil, were selected for EOR by
IPC in a province of high industrial activity and CO2 emission in western Siberia. The CO2
storage could be performed in several fields in an area where the pressure/temperature
conditions determine the gas hydrate formation in case of CO2 breakthrough and leakage of the
traditional cap rock. This result was achieved thanks to the skills of the Siberian branch of
Russian A.S. and to the GIS mapping of all key parameters with EU aid.
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4

COOPERATION WITH INDIA

In India, BRGM is associated with NGRI in the Indo-French Center for Groundwater Research.
In association with Indian Institutions (Maulana Azad National Institute of Technology, Indian
Institute of Management and an India-based geological consultancy), BGS carried out a
preliminary investigation of CO2 sources and possible sink types (IEAGHG R&D Programme
project: 'CO2 Storage Potential in the Indian Subcontinent') and together BRGM and BGS
participated in a promotion of CCS and of EU cooperation in India through an international
workshop in Delhi. Then, based on a robust partnership, they submitted to the 7th Framework
Programme of the EC a research programme for India. Looking for new incentives, this potential
partnership keeps in touch through other activities (peer reviews of papers, groundwater
research, raw material exploration, upcoming conferences etc.)

4.1

Conference:’Carbon Capture and Storage in the Power Sector’

In India, BRGM and BGS attended, as invited speakers, the International Workshop on “Carbon
Capture and Storage in the Power Sector: R&D Priorities for India” held in New Delhi, 22-23
January 2008.
http://www.irade.org/Workshop%20Brochure.pdf
http://ukinindia.fco.gov.uk/resources/en/press-release/2008/01/postin_22januaryinternationalwor
http://www.defra.gov.uk/environment/climatechange/internat/devcountry/india.htm
This workshop, held under governmental auspices, made a point on CO2 mitigation and CCS in
India. It brought together the most important stakeholders and the major research institutions at a
high level. The reason for this workshop was the following:
In order to sustain economic growth, India needs adequate power. The majority of this power will be
generated from fossil fuels particularly coal of medium to low quality. Indeed, the power sector is the
largest consumer of coal in India, accounting for 70% of total consumption. However, global and domestic
concern over climate change and the emission of greenhouse gases (GHG) continues to grow. Carbon
capture and storage (CCS) technology has the potential to significantly reduce carbon dioxide emissions
from fossil fuel power stations. Demonstration projects are currently planned in the UK, Europe, USA,
Australia and China. As a member of international initiatives, such as Carbon Sequestration Leadership
Forum, India needs to examine carbon abatement in a domestic context and develop its own strategy for
technologies such as CCS. The development of supporting policies and regulation also needs to be
considered. The technologies used in CCS may make it possible to reduce emissions and earn carbon
credits at the same time. They may also provide a number of businesses and export opportunities.

Therefore, the objectives of the workshop were to examine the opportunities for CCS and issues
regarding its deployment. It brought together international and Indian experts already working in
the following areas:
− Greenhouse gas emission reduction strategies and the role of CCS
− Business perspective
− Demonstration of CCS
− Advanced power generation technologies for CO2 abatement and carbon capture
− CO2 storage, monitoring and transport
− Cross-cutting issues; environmental and social impacts, safety, regulation, costs of CCS,
financing CCS, technology transfer
− Development of proposals for CCS R&D projects under Indo-UK collaboratio
The Hon'ble Union Minister Shri Kapil Sibal, Minister of Science and Technology and Earth
Sciences, Government of India, attended the event. He was joined by senior representatives of
the UK Government and experts from the UK, Australia, Europe and India. The participants also
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included government officials, regulatory bodies, power generating companies, industry
representatives, academics and scientists, technology institutions and research organisations.
The workshop featured breakout groups on CO2 capture, CO2 storage and cross-cutting issues
for participants to discuss issues in more depth and to develop proposals for research projects on
CCS appropriate to India. In addition to the identification of potential cooperation opportunities
in CCS between India, the UK and the EU, it was also intended that a network for knowledge
and information sharing will be developed.
Organising Committee:
− Dr. Jyoti Parikh Executive Director, IRADe
− Dr. Malti Goel Scientist 'G', DST, Government of India
− Dr. Balesh Kumar Consultant, NGRI
− Mr. M. Satyamurthy Joint Adviser (Coal), Planning Commission, Government of India
− Dr. Rita Sharma Senior Adviser, BHC, New Delhi
− Ms. Debbie Stockwell Policy Adviser, DEFRA, UK
The workshop was sponsored by:
− UK Department for Environment, Food and Rural Affairs (DEFRA)
− British High Commission, New Delhi
In partnership with:
− Department of Science and Technology (Ministry of Science and Technology)
− Planning Commission, Government of India
Facilitated by:
− Integrated Research and Action for Development (IRADe). IRADe is a fully autonomous
advanced research institute, which aims to do research and policy analysis, impart
training and serve as a hub of network among various stakeholders.

4.2

FP7: CCS in India?

Following the terms of reference of the WP6.2, this workshop was the key to identify the most
pertinent fields of interests and to create the best potential consortium for promoting CCS
development in India, one of the focuses of the FP7 topic ENERGY.2008.5.2.1: ‘CO2 Capture
and Storage – Capacity building with the large emerging economies’.
Therefore the project ‘The Potential for CO2 Capture and Geological Storage in India
(CCSINDIA)’ was submitted to EC as ‘Collaborative project for specific international
cooperation actions’ (SICA). Initiated on EU side by BRGM, BGS and ECN, it was placed
under the coordination of the Natural Environment Research Council (NERC/BGS).
The consortium created for this project grouped thirteen partners, including national geological
surveys (3), governmental institutions (2); national and regional research institutes of different
states in India (4) and in Europe (1), and industries (3) matching the skills of the project in
matter of geology, environment, energy, operation, socio-economy and communication.
Unfortunately, and in opposition with the impulse given, this project was rejected. Looking for
new incentives, informal contacts are kept with Indian Institutions for CCS promotion
(meetings, mails, review of papers, further conferences and projects).

4.3

NGRI and BRGM in CEFIRES

On the international scene, the BRGM Water Division is active in a number of European and
overseas countries. A recent example of collaboration is that with the National Geophysical
Research Institute (NGRI). A spin-off of this collaboration is the Indo-French Center for
Groundwater Research (known as CEFIRES). Located in Hyderabad, CEFIRES consists of a
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joint French/Indian team of scientists specialised in water resources. CEFIRES’s research
activities focus on the sustainable management of water resources by developing methodologies,
technologies and mathematical models.

4.4

Peer reviews

Following the contacts established, BRGM was invited to review Indian papers dealing with
CCS, for example:
Amit Garg and P.R. Shukla (manuscript 2008) - Coal and Energy Security for India: Role of
carbon dioxide capture and storage. Indian Institute of Management, Ahmedabad, India. .
Accepted for publication, Energy, Elsevier.
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