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Executive Summary

A major suvey of 131 Chinese stakeholders from 68 key institutions was conducted to assess

the potential challenges and opportunities for carbon dioxide capture and storage (CCS) projects.
Stakeholders were drawn from 27 provinces and regions using 3dddeeeinterviews and an

online survey. This survey is the first to focus on demonstration projects in particular and is the
most geographically diverse, with over 60% of respondents from outside Beijing.

The survey offers insights into a wide range of sulsjeetevant to CCS deployment. Though
enhanced oil recovery (EOR) and enhanced coal bed methane recovery (ECBM) may not be a
long term solution for C&xstorage, they are viewed as the most attractive storage technologies
for the first CCS demonstration peajt. In terms of preferences regarding capture technology,
postcombustion capture received slightly higher support than-poenbustion capture
technologies because most existing power plants are pulverisedficed) but respondents

from both the powerand oil industry actually tended to favour pecembustion. There was no
consensus, however, regarding the appropriate scale for the first demonstration with choices
ranging from 10 MW to 300 MW.

The National Development and Reform Commission (NDRC)enaeivied as the most

important institution in authorising the first commercial scale (600 MW) CCS demonstration
project. Most stakeholders believed that the image of the Chinese Government could benefit
from developing a commercial CCS demonstration &ad $uch a project could also create
advantages for Chinese power compariegesting in CCS technologies

More generally, most respondents viewed climate change as a serious problem, including 20%
who perceived it as a challenge in the near future. Those who saw CCS as necessargreere

likely to view climate change as a serious problem. Though respondents were specifically chosen
to avoid oversampling those working primarily on carbon capture and storage, CCS was not a
new concept for the Chinese stakeholders surveyed and wasyséein as an important

technology in reducing greenhouse gases. A small number of the respondents expressed
concerns over the reliability of CCS technologies, availability of storage sites, and coal supply
issues. By contrast, a large number of the resfents were concerned about the energy

penalty associated with CCS and its impact on the-teng sustainability of coal supply in

China, although such concerns were much reduced compared with the 2006 survey

On financing, the reluctance on the part ofeggy firms to provide initial equity capital for CCS
and CCR projects meant thfatreign governmentsthe Chinese government and multilateral

banks were perceived as the primary sources of equity finance. Concessionary loans from
multilateral banks were considered to be thenst promising source of debt finance for the CCS
projects. There were disagreements between stakeholders from development banks and those
from commercial banks over whether a higher than normal interest rate was needed to address
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the risks involved in demmstration projects. The expectation was that the extra operating costs
for CCS would mainly come from foreign and Chinese governments, whereas the Clean
Development Mechanism (CDM), if available, was seen to play a relatively minor role. Finally,
many respondents were willing to pay more to ensure new plants would be@Pture Ready

(CCRg over two thirds of the stakeholders claimed they would willing to pay an extra 2% on
their initial investment for CCR
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Glossary of Technical Terms and Abbreviations

1/ /' HméE ¢KS ' RYAYAAUNI GAGS /1 SYGiNB T2NJ
al 9! ¢¢ AEA Technology plc, UK

OCAPPCGO Chhese Advanced Power Plants Carbon Capture Option Project
al l we Carbon Capture Ready

al 1 { ¢ [ FNB2y [ FLXidz2NS FyR {G2N}3ISxz | f
al/ 5ac¢ Clean Development Mechanism under the Kyoto Protocol

a/ h! [ 1 ¢ Cooperation Action withitCS ChirgU

a59/ 1/ ¢ Department for Environment and Climate Change in UK governmen
a9t wD¢ Electricity Policy Research Group, University of Cambridge

aD5t ¢ Gross domestic product

GDNB Sy DSy ¢ GreenGen project is a Chinese project funded by seven majoggne
companies that aims to demonstrate a cdised generation system
with IGCC technologies with near zero2@@issions.

al dzZNRf S NI ( The discount rate (cost of capital) which the IRR must exceed if a
project is to be accepted.

aLD/ ] ¢ Integrated Gasification Combined Cycle, a power plant using synthe
gas which is used to power a gas turbine whose waste heat is pass
a steam turbine system

G Ly Rdza i NE £ Including power generation companies, oil & gas companies, power
grids, energy equipment manufaurers

aLt/ /¢ Intergovernmental Panel on Climate Change

aLyadl f f SR The maximum power that could be produced at continuous maximt
operation in a power generation facility, in a given period of time.

aLwwe Internal rate of return

aahot ¢ Ministry of Environment Protection in PRC government

aahCe Ministry of Finance in PRC government

ab5w/ € National Development and Reform CommissioiPRC government

abt ¢ Net present value is defined as the total present value (PV) of a tim¢
series of cash flows discountetlthe marginal cost of capital (or a risk
adjusted required rate of return).

ab¥%no/ ¢ Near Zero Emissions Coal Initiative

dtlFeolO1 t¢¢eKS £Sy3adK 2F GAYS NBIljdZANBR ¥F2
its cost.

attté Public Private Partnerships

a{ 9w/ ¢ State Electricity Regulatory Commission

a{¢w!/ hute Support to Regulatory Activities for Carbon Capture and Storage

project, a European Commission funded project designed to suppor
the development of a regulatory framework for CCS
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Section 1¢ Background

1.1 Chinese Power Sector and the Role of Coal in Chinese Electricity Generation

Economic growth is closely tied to growth in electricity demand and carbon dioxide ensissio

In the past three decades, China has been one of the fastest growing economies in the world

with a real GDP growth rate of 9.8% from 1978 to 2007. The Chinese government expects to

achieve an average 7.5% annual GDP growth accordingfeéifth FiveYear Plan2011-2015).

¢KS INRGOGK NI GS 2F GKS LI26SNI aSO02N) I NBSte F2¢¢
0KS mMopdpnas odzi AaAyOS HnnnX St SOGNAROAGE LINRRAzOG A 2
due to accelerating industrialization anding residential power demand (as shown in Table 1.1).

| 26 SPHSNE RSALAGS / KAYylFQa KAIK SO2y2YAO0 ANRgGK NI
generation per capita is still lower than those of the higheome economies in Table 1.2. The

potential for growth is high, if China adopts OECD consumption patterns.

Real GDP Growth Rate  Electricity Production Growth Rate

Year over Preceding Year (%) Over Preceding Year (%)
1998 7.8 2.8
1999 7.6 6.2
2000 8.4 9.4
2001 8.3 9.2
2002 9.1 11.7
2003 10 15.5
2004 10.1 15.3
2005 104 13.5
2006 11.6 14.6
2007 13 14.5

Table 1.1 Electricity production growth rate versus GDP growth rate in PRC (NBSC,2009)

Year 2007 per Capita Electricity Generatior Real GDP Growth
2005 2006 2007
United States 13814 kWh 3.1 2.9 2
OECD 8629 kWh 2.5 2.9 2.4
South Korea 8516 kWh 4.2 5.1 5
Japan 8470 kWh 1.9 2.4 2.1
United Kingdom 6082 kWh 1.8 2.9 3
PRC 2308 kWh 104 116 13

Table 1.2 Per capita electricity generation versus real GDP growth (EIA,26008 BAhk,2009)
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China is a coalch country with relatively limited oil and gas resources. As suchficedl

power generation units dominate the installed electric power capacity in China. Table 1.3 sets
forth the total installed capacity and incrememhiastalled capacity in PRC by fuel source at the
end of 2008 (CEC, 2009).

Fuel Type 2008 Installed 2008 Incremental Availability: Taotal Electricity
capacity by Fuel Installed Capacity by Average hours production (TWh)
type (GW) Fuel Type (GW) per year

Thermal 601.3 46.9 GWNet) 4911 2779

Coal >560

Hydro 1715 26.26 GW 3621 563

Nuclear 8.9 0 GW 7731 68

wind 8.9 491 GW 13

Table 1.3 Total and incremental installed capatitPRC by fuel type (CEC,900

1.2 Coafiired ElectricityA Y / KAyl Qa bl GA2ylt /tAYFGS / KIy3as§ t2f

Coalfired power plants are expected to remain the largest source of carbon dioxide emissions
globally through 2050, and a substantial fraction of those carbon emissions will come from
Chinese codlired power plats (IEA2007). Carbon Capture and Storage (CCS), by whids CO
captured when generating power and is injected underground for storage, can significantly
reduce greenhouse gas emissions from doald power plants while allowing coal to meet
increasig energy demand (MIT, 2007: Executive Summaxy. p.

Although Carbon Capture and Storage has moved up the policy agenda quite rapidly, CCS is still
not acknowledged as a priority area in China and is rarely mentioned in the Chinese National
Climate ChangBrogramme (NDR@QO07). In part this neglect may be attributed to the novelty

2T (KS (SOKy2ft23& FyR (KFG / KAYlIQa LRfAO& YSI adz
there is clearer convergence between energy efficiency and climate change palangs

Speed, 2007) Chinese climate policies need to be compatible with concerns over energy

security and maintaining indigenous suppdgher than increasing dependence on foreign

supplies of natural gas or uranium. On the demand sdergy securitonsiderations
encourageenergy efficiency to play a central role in reducing overall demand and thereby
reducing dependence on foreign sources of ene@f9S is therefore not at the top of the list of
possible climate policy options that are also combplatiwith energy security and energy

efficiency priorities. Finallyhe lack of stakeholder confidence is also a key challenge in

deploying CCS technologies in ChinaghiGallaghey 2008).
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1.3 Purpose of the Study

Thisstudybuilds on earlierand parallekstakehotler analysigsummarised in Appendix,1and
investigates current views and perceptions of where the future lies with regard to CCS,
particularly with respect to the first CCS demonstration projects. The specific questions
addressed are: How is CCS viewatside of the immediate technical community that is

involved with CCS activities? What are the necessary conditions for a demonstration project to
proceed? What is needed for longerm and widerscale deployment of CCS? In addition, this
study reviavs current thinking on many issues related to CCS, at the national, regional and
provincial levels. For example, a series of 'what if?' type aeslysing counterfactual scenarios
areundertaken on subjects including:

Financing mechanisms
Policy and reglation
Socieeconomic impacts
Environmental concerns
Energy security

Market competitiveness

=A =4 =4 =4 =4 =4 =4

Decision making behaviour

1.4 Report Structure

Section 2 introduces the research methodology of this study and discusses sample selection,
questionnaire designhe online survey system, fate-face interviews, and data analysis
methodology. Demographic information is provided in Section 3, such as regional distribution of
stakeholders, types of organization involved, and stakeholder time spent working on energy,
climate change, and CCS.

Section 4 summarizes Chinese stakeholder perceptions of Climate Change and Carbon Capture
and Storage (CCS). Section 5 focuses on the technology preferences in regard to the first
commercial scale CCS demonstration plant in Cliimnike Section 6 provides a view on the
processes in regard to the authorization and financing of the first demonstration project.

Section 7 investigates the level of awareness and mechanisms in making ndiwecbpbwer
plants Carbon Capture Ready, editional economic frameworks may not be able to explain all
the investment decisions in the Chinese power sector, Section 8 presents an analysis of the
institutional framework in China and behavioural finance issues, followed by conclusions and
recommendhtions for policymakers in Section 9.

10
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Section 2 Research Methodology

2.1 Sample selection and questionnaire design

The study involved four steps: determining the sample, questionnaire design, survey
implementation, and data analysis, as illustratedrigure 2.1. The main criterion used in
RSGSNX¥YAYyAYy3 (GKS GIFNBSG LRLHAFTGAZ2Y 61 &

OdzNNByY i 2 NJ

LR GSYGAlLt AyTFfdzsSyOoS 2y
addition, the aim was to have agional and sectoral sample population which was diverse in
nature and of a sufficient size to achieve resultth minimalbias. Therefore, we set a limit of
30% to each type of institution (e.g. government, academic, industry, NGO, banks etc.) and
ensurd that less than one fifth of the overall sample was from the community working directly
on CCS (i.e., stated they spend most of their time on CCS). A small number of senior Chinese
academics based in foreign countries and officials in Chinese energytilepss at multilateral,
commercial or development banks were also included.

/1

0KId GKS 3
RSY2yaidNT

The target group included 256 stakeholders from over 100 institutions, drawn from a database
of over 500 contacts. The contact details of key stakeholders were obtained frong@oén

sources, including domestic and international conferences, and nominations by senior
government officials, management of leading power firms and academic institutions.

We designed the questionnaire to complemgrast CCS stakeholder surveys and atiaions
(Appendix 1¥o0 that a number of the questions could be compared to those of past surveys,
thus allowing us to see if there had been any evolution in stakeholder viBvesquestionnaire
was path dependentyhich offeredthe flexibility of tailoring questions to different stakeholders
so that we could ask several questions that drew on their area of experliee questionnaire
was available iboth Chinese and English time websitewww.CaptureReady.com

# Definetarget population and sample selection criteria
* A pre-selected sample of 259 stakeholders (ot of 515 candidates)
® Cover 23 pravinces in China and a small number from abroad (< 10%)

=,

«<

QDesign

* Design path-dependent Chinese-language and English questionnaire
* Test questionnaire {with support from CC5 experts, and colleagues)
* Fevise according to feedbacks (2 g adding introduction of CC5 terms)

= Cnline survey (most invitations are distributed via emails)
# Face-to-face interviews (including follow-up sub-sample interviews)
# Revisit some of stakeholders to receive feedbacks and comments

= Quantitative (descriptive, comparative, correlation analysis)
* Cuzlitative (narrative research, comparative analysis)
# Behavioural and institutional framework analysis

€L

Figure 2.1 Overview of research methodology

11
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2.2 Questionnaire distribution and data collection

An invitation to participate was sent to each stakeholder by email. A little over 50% of the
sample (131 of 256) provided complete responses and 25 otlsporedents started, but did not
complete, the survey. The invitation letter included a covering letter explaining the objectives of
the survey, together with the background of NZEC. The letter provided assurance that all survey
data would guarantee the angmity of the respondent.

In order to encourage as many stakeholders as possible to participate in the survey, we offered

- 021SYy 2F [LXNPOAhGRAYXVIAOWARYF YL LINSBaSyidFrdAzy LI
Office) upon finishing the survein additon, we sent followup emails to all stakeholders who

had not responded, reminding them to take part in the survey.

Apart from the internetbased survey, we conducted fataeface interviews with 31
stakeholders. 22 out of the 131 participants were selddi®m the online survey respondents,
and further 9 important decisiomakers were consulted fade-face as they did not participate
in the online survey nor did they use or check emails frequently.

2.3 Data Analysis

The analysis of data for each questiin the consultation begins by describing and summarising
how responses are distributed among the categories. Then, we apply tabular analysis and
ANOVA (Analysis of Variance) to explore relationships between an item and others in the survey
(for examplejnvestigate whether demographic variables can explain the perceptions of CCS
priority). For data collected in scale or index format, we first calculate the average, and then
illustrate their relationship and distribution on a scatter plot (for exampl@l@ring the

relationship between IRR and financial leverage) through correlation analysis. Independent t
tests were used to understand the influence of behavioural patterns on energy investment
decisions in a subample.

In terms of qualitative data, naaitive research and analysis is adopted for interpreting data
collected from followup faceto-face interviews which were opeended and not based on a
pre-determined list of questions. In addition, a comparative analysis approach is used in this
researchfor example, by comparing the requiréidancialreturns of conventional thermal
power projects to CCS projects or to understand the potential authorisation process of CCS
building on their experience.

12
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Section 3- Demographic Information

3.1 Distributions of online respondents by the type of institution

There were approximately equal shares of respondents from each sector. Governments (24%),
Industry (24%), Academia (23%) and Other (Banks, Consultancies, Research firms and NGOs)
(29%). A total of 1Brespondents came from 68 institutions in PRC and other regions, including

the State Council, NDRC, MOST, MOEP, MOF, MOFA, various local governments, Huaneng Power,
Datang Power, Guodian Power, BP, CNPC, CNOOC, Tsinghua University, Chinese Academy of
Sciece, and China Petroleum University (see Appendix 2 for additional details).

W Government
B Industry
Academia

B Other

Figure 3.1 Distribution of responses by the type of institution

3.2 Distribution of online responses by office location

The survey covers 27 provinces or regions in Chinaré~832). Over 60% of respondents came
from outside Beijing. Two regions, Beijing (49), and Guangdong (16) had greater than 10
respondents (highlighted in orange and red colour in Figure 3.2). In addition, we obtained a few
responses from stakeholders (emajor investment or development banks) based in foreign
countries which have strong interests in or are currently involved in CCS development in China.

13
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Figure 3.2 Distribution of respondents by province or region (Yellow: provinitbs<10
respondeats; Red: 16 key stakeholdeBlue 49 stakeholders)

2007 Data | Population| Electricity Electricity GDP/capita Average time
(NBSC, 2@) | (thousand) consumption | production (Yuan RMB) Stakeholders| claimedspent
(billion kWh) | (billion kwWh interviewed | on CCS
Xinjiang 20950 41.7 34.9 16817 2 0%
Jilin 27300 46.3 42.3 19358 3 7%
Guangdong| 94490 339.4 218.7 32897 16 5%
Beijing 16330 62.8 22.8 58204 49 18%
National 1321290 3245.8 3255.9 18934 131 12%

Table 3.1 Demographic data for selected regions included in the survey

3.3 Average working time spent on energy and environment, climate change and CCS

As shown in Figure 3.3, approximately 90% of the respondents claimed to spend more than half
of their time on energy and environment issues, but less than 20% spent half of their time or
more time on CC3Ve found respondents overall, were spending more time on climate change
issues in contrast to the results from the CAPPCCO CCS study conducteann 2008 (Reiner

14
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and Liang 2008). In addition, two thirds of the respondents claimed that they had participated in
CCS conferences/events or research activities.

Carbon Capture and Storage

Climate Change

Energy and Environment

0% 20% 40% B0% B0% 100%

W =90% M =70%-90% m=50%—70% mM=30% —50% m=10%- 30% m=0%-10% mOo%

SNI 3S ¢g2NJAYy3I GAY
YR {(2N)3SQ o6& NB

CA3dz2NBE oo |/ f
/

R @
YR W/ I Nb2YVY I

L AYS 2y
I LJG dzNJB y

LJ

(0p))
N Q¢
X« U»
w <

K (et
c:
Q)¢

LJ
L2 y

QX

3.4 Understanding of Carbon Capture and Storage and Climate Change

G GKS @SNEB 0S3IAYYAYy3d 2F (KS adaNBSesx adl1SKz2t RSN
change are relatively new topics in China, hgwe heard of any one of the concepts, both of

GKS O2y0OSLJia 2N ySAGKSNE o0SF2NB (GKAa adNBSeKQ !
Yo20KQX ¢oKAETS 132 KFER KSIENR 2F 2yfeée OftAYIGS OKI y:z

mEBoth CC5 and Climate Change m Only Climate Change

mOnly CC8 B Neither CC5 arClimate Change
0%

3%

Figure 3.4 Terms already héaof by respondents before this survey

15



SakeholderPerceptions of DemonstratingCS in ChinalEl

Section 4- Perceptions on Climate Change and Carbon Capture
and Storage

4.1 Views on Climate Change

As illustrated in Figure 4.1, we found that twice as many respondents believed that climate
change is an immediatthreat, compared to the CCP2 Study of 2006. On the other hand, slightly
more respondents considered climate change to be a moderate or serious problem, in contrast
to the earlier survey (Reiner et al, 2007).

In addition, when stakeholders were asked abthg understanding of climate change issues in

GKSANI AyaldAalddziazyas Y2NB G(GKIFIy KIFIfF NBAaALRYRSyYyGa
FYy WAYLRNIUIFIY(IQ AadadzS Ay OGKSANIAyadAddzianzy 61 a ack
was attacled to climate change issues by the academia and the energy industry rather than the
Government; however, we also found industrial stakeholders were less likely to worry about

climate change as an immediate threat in contrast to the opinions from the acadenthe

Government. This is consistent with the finding by Reiner and Liang (2008) in previous CCS

stakeholder surveys in China.

When analysing the impacts of demographic factors on perceptions of climate change, we had
an interesting finding, Stakehads who spent higher amount of time on energy were more
willing to select climate change as a serious problem in China (1% confidence level), however
spending more time on climate change or C@hdt significantly cangetheir perception of

the seriousnss ofclimate change. On the other hand, those who perceived CCS was necessary
had a significantly higher tendency to view climate change as a serious problem (5%).

2006
2009
0% 20% 40% 60% 80% 100%
M Serious problem in the near future B Serious problem in the distant future

B Moderate problem in the near future B Moderate problem in the distant future
B Minor problem in the near future B Minor problem in the distant future

Nota problem atall

CAIdzNBE nom {GF]8K2f RENEQ 1ISNE2VIf LISNE®NIIAZ2Yya 2y

16
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Other
Academy
Industry
GovErnment

Crverall
0% 20% 40%% Gi0% B0% 100

| Very important m Important m Moderately important

B Less important m Motimportant m Unsure

CAIdzZNBE ndH ¢KS NRPfS 2F OftAYFGS OKFy3aS I

Even though a growing number of stakeholders believed climate change would be a serious

problem for China in the distant future, more than three quarters of respondents believed it

g2dzf R 0SS WOSNE RAFFAOMA 6§Q 2NJ WRAFFAOdA G4 Q G2 I OKA
next two decades (Figure 4.3). When questions were asked specifically on cutting emissions in

China, the overall result was even more pessimistic, as @fér & the respondent selected the

FyagSNBR WOSNE RAFFAOAZ 6Q 2N WRATFTFAOMzZ GQ G2 | OKA S
(Figure 4.4). During followp interviews, we found thathte most quoted reason given for those

with optimistic positionn current climate policies was the current ambitious national energy

conservation policy, which according to the stakeholders could result in emissions reductions as

well as enhanced political attention on climate change. Those who were skeptical of the

usefulness of current climate policies, were concerned about growing demands for energy

related to increased GDP, constraints on implementation within the current environmental

regulatory framework, and the perceived higher urgency of serious local pallptisblems,

such as water pollution and air quality. Most of stakeholders believed that the coal dominated

energy sector in China will not change in the near future

17
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H Very Difficult ®Difficult ®mFair ®Easy ™ VeryEasy ™ NotSure

294 2% 0%

Figure 4.3 Perceptions on potential for current climate policies to achieve deep altbad
carbon dioxide emissions over the next two decades

B Very Difficult ™ Difficult ™ Fair ®Easy B \VeryEasy ™M NotSure

Figure 4.4 Perceptions on potential for current climate policies to achieve deep cuts in carbon
dioxide emissions in China over the next two decades

4.2 Views on Carbon Capture and Storage (CCS

I YI22NRARGEe 2F GKS NBaLRyRSyiGa o6cw:0 LSNOSAGSR [/
ySOSaalrNEQ Ay | OKAS@AY3d RSSLI Odzi 2F 3INBSYyK2dzaS =
the power industry and the national government. When we conductedfallow-up interviews,

18
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three CCS opponents, who originally supported CCS in 2006, were concerned about the
reliability of CCS technologies, availability of storage sites, and coal supply problems. They were
also more confident in their understanding and kviledge of CCS. Based on a single factor

model, demographic variables (such as region, time spent on CCS, climate change or energy)
show no statistically significant impact on the perceived necessity of CCS, but those who
believed climate change to be a &rrs problem were more likely to view CCS as necessary (at
95% confidence level).

Other
Academia
Industry

Government

Owerall

0% 20% 40%% 0% 80% 100%
B Very necessary
B Frobably necessary
B Mecessary only if alternatives cannot achieve
B Frobably unnecessary
m Mot necessary at all
m Unsure

Figure 4.5 Perceived importance of CCS in deep cut of greenhouse gas emissions (2006, 2008 &
2009) (Reiner et al, 2007, Reiner and Liang, 2008)

Attitudes towards the enmgy penalty for capture, transport and storageof £-®ere slightly

negative overall. A number of stakeholders (38%) believed there would be more energy

available for consumption if China did not adopt QQ#nese stakeholders generally believed

the energy penalty from CCS would have a negative impact on the security of energy supply. By
comparison, a majority of European stakeholders perceived of CCS as potentially enhancing

energy security (Shackley et al, 2007). However, there has been a shift ogdptiards a less

yS3al G§ABS OASso wSalLRyRSyGa ¢gKz2 OKz2aS GKS | yagsSNH
| KAYEFEQ FfyY2ald R2dzof SR y uwnndg O2YLI NBR G2 GKS Hnars
WHSNE ySIIFGAGBSQ | a |y ,toyigamdidithelRQ06 sidy\(EO% lysdBw@ G A 2y Ay
as shown in Figure 4.6). During a follapr study our observation was reconfirmed as we found

that a number of interviewees had adopted strategic views on climate and energy policy that

coal might not be a reliablenergy source for China in the long term unless CCS technologies

were adopted.
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Mot sure
Very positive

Slightly positive
H 2006

Mo effect =009

Slightly negative

Very negative

0% 5% 10% 15% 20% 25% 30% 35%

Figure 4.6 Perceived impacts of laigmale deployment of CCS on energy security in the long
term (2006 versus 2009)

Though there were split views on CCS in China, n@@#%yof respondents from academia and
research institutes expected there would be more CCS Research & Development (R&D) funding
available. 38% stakeholders from academia and research institutes claimed they would
significantly increase resources on CCS R&ilz another 36% said they would moderately

increase resources for CCS R&D. It is of course not surprising to find academics and researchers
supporting more R&D.
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Section 5 Technology Preference in CCS Demonstration Project

5.1 Chinese stakeholdeawareness of CCS projects

In previous CCS surveys, the building of CCS demonstration projects was widely acknowledged
as one of the most crucial steps in developing and deploying CCS in China, because stakeholders
were lacking confidence on various issugs;h as maturity of technologies, availability of

finance (Reiner et al, 2008). We investigated the perceptions on CCS demonstration in China, by
asking stakeholders of their awareness of current CCS projects (including initiatives or pilots)

We found hat no single project was recognised by more than a quarter of the respondents.
Relatively, the most well known CCS project is GreenGen, an IGCC based project with main
investors being Chinese power companies, followed by NZEC, COACGASHRGpilot and

STRACO2. On the other hand, only 3 people claimed they had not heard of any of the listed
projects before this survey.

None of the Above
UK CCS Competition
Schwarze Pumpe Power Plant

Sleipner

FutureGen

STRACOZ

HNG-CSIRO Post-combustion Pilot Project
COACH

NZEC

Greengen Project
T T T T T

0% 5% 10% 15% 20% 25%

Figure 5.1 Awareness of CCS projects, initiatives or pilots before participating in the survey (a
short description of each project wgpresented beside the question)

5.2 Scale of the first commercial demonstration project

As illustrated in Figure 5.2, there was no consensus with respect to the scale of the first CCS
demonstration project in China. Generally speaking, 30MW to 100MV¢ (mit100,000 to

400,000 tons C&xaptured and stored) was most popular at 22%. Although, most of the new
coakfired power generation capacity would be equal or above 600MW units, most respondents

21



SakeholderPerceptions of DemonstratingCS in ChinalZ2

believed the scale of the capture unit should be restricietbess than 100MW, because of the
significant uncertainties attached to CCS technologies s@@age sites, transportation and
financing schemes. Despite the fact that CCS projects of less than 10MW (or <40,000,&)ns CO
are unlikely to be consideredsa commercial scale demonstration, 13% of respondents still
selected this option.

> BOOMW { > 2 million tons CO2 equivalent
captured pa)

Greater than 300MW to 600MW (1to 2
million tons CO2 equivalent captured pa)

Greater than 100MW to 300MW (0.4to 1
million tons CO2 equivalent captured pa)

Greater than 30MW to 100MW {100,000
tons to 400,000 tons CO2 equivalent...

Greater than 10MW to 30MW (40,000
tons to 100,000 tons CO2 equivalent...

< 10MW { = 40,000 tons COZ2 equivalent
captured pa)

0% 5% 10% 15% 20% 25%

Figure 5.2 Preferred scale of the first CCS demonstration project in China

5.3 Capture technology preferences for demonstration plants

Ofthe two major capture technolags, postcombustion capture (41%) received slightly higher

support than precombustion capture technologies (31%). However, respondents from industry

tended to favour precombustion capture (Figure 5.3). Oxyfuel, as a relatively new technology
inChinaNBOSABSR YAYAYLFf &dzZlJLl2NI® C2NJ GKAA 2LIA2yZ |
including 40% of government officials. In folloyw discussions, proponents of pestmbustion

capture often cited the fact that most of existing and planned new-fioadl power plants are

conventional pulverised coal units. However, others argued forcorabustion technology

0S50l dzasSz | OO2NRAYy3 G2 GKSYZ AU gla WwWOfSIHys KAIK
potentially applied in pokgeneration, coal to ligh RDDrihg facesto-face interviews, a majdsi

of participants believedhat it would be importantto developboth postcombustion and pre

combustion capture technologies.

2

Ly GKS jdzSadA2yylANBE ¢S tA&GSR I KeLRIKSGAOLN ¢
a &

a
GKSGKSN) a2YS NBAaLRYRSyda ¢gSNB NBf dzOGFyd G2
technologies. We found that only one respondent selected this option.

D¢ O
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Capture Technology Preferencein First CCS Demo in China
Post-combustion Capture

Pre-combustion Capture

Air Separation (academia and
knowledge test)

Onyfuel

Unsure

0% 10% 20% 30% 40% 50% 60%
W Other M Academia Industry B Government @ Overall
Figure 5.3 Capture technology preferences in first commercial CCS demonstration project in

China (Stakeholders were presented explanations of each capture method based on IPCC CCS
special report beside the guestion)

5.4 Preferences regarding storage nietds for demonstration plants

Thoughexperience with ahanced oil recovery (EOR) and enhanced coal bed methane recovery
(ECBM) has been limited, both were still viewed as offering more benefits for the Chinese
population than simply reducing emissions amere favoured by over two thirds of

stakeholders (Figure 5.4). It should be noted that there is limited storage capacity and that
coal may not be used once ¢i@s been injected for ECBM, but these effects were not
described to stakeholders. There wasore cleaitut consensus amongst respondents

regarding storage methods in contrast to the question on capture technology options.
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Enhanced Coal Bed Methane

Enhanced Qil Recovery

Depleted Qil or Gas Reservoir

Geological Storage in Saline Aquifer

Unsure

0% 10%  20% 30% 40% 50% 60%  70%

B Other MWAcademiz  Blindustry M Government M Overall

Figure 5.4 Storage methods preferences in first demonstration project in China (Stakeholders
were presented with explanains of each storage method based on IPCC CCS special report
0SaARS (KS 1jdzSaidAz2y>y o6dzi aidl 1 SK2f RSNE 6SNB y2i
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Section 6¢ Authorising, Regulating and Financing CCS
Demonstration Projects

6.1 Authorisdion process for a CCS demonstration project

A large number of institutions at the national and local levels share the responsibility for making
and implementing energy policies in Chithgang et al, 2008as described in Figure 6.1 and the
evolution history of Chinese engr@uthorisations is illustrated in AppendixTherefore, we

asked stakeholders the importance of different institutions in authorising the first CCS
demonstration project in China.

Ly NBaLRyasS (2
RSY2Y&AGNI GAZY

A = 4 oA X

GKS 1jdzSaldAz2yyY WisNdben&gydz FIF YAE Al NI
LIN22SO0akKQs fSaa GKIy wmm: 2F adl
FYR Yy20KSNJ 6KANR ¢SNB WwWyz2i
potential authorisation process for CCS demonstratioth wiat of current IGCC demonstration
projects and current codgb-liquid (CTL) demonstration projects. Over 60% believed authorising

/1 { RSY2Yy&AGNI GA2Y LINRP2SO0 6SNB WOSNE aAYAflND 2
similarly with regard to te CTL authorisation process.
R Ministry of | | yinistry of Land Ministry of Ministry of Ministry of Ministry of
Development and Science : Environmental ; 9
Reform Commission and Technology | | 21Res0U brzrce “Protecton Comrere Aualice
I
I I [ [ |
Department of
National Resource Department of State Administration National Bureau State Administration
Energy Conservation and Prices & of Work Safety of Statistics of Taxation
Administrati i Other Depts
Protection
—| State Electricity Regulatory Commission
Provi_ncIal
[ I ]
|
Chinese Academy Chinese Academy of Other research
Energy-related of Sciences Social Sciences organisations
Departments

Source: LINKSCHINA Research, IEA

Figure 6.1 Organisations involved in energy policymaking and administration in China

More than 60% of respondents named the National Development and Reform Commission
(NDRC) as the most important institution in authorising first commercial CCS demonstration
project in China (Figure 6.2). During fdodace interviews, a few local government officials
suggested that these key institutions would be involved in large scale demonstration projects,
but that local departmentsthe Ministry of Science and Technology (MOST), and/or grid
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companies and power companies could act as the main deemaiers for a smaller
demonstration project.

When being asked which institution was the second most important in authorising a CCS
demaonstration project, the answers were more diverse (Figure 6.3), as local governments,
MOST, MOF and NDRC were all popular options. A large number of respondents believed that
the importance of institutions lay in their potential power to offer financial goi.

State Council

NDRC

MOST

Ministry of Finance

SERC

Ministry of Environmental Protection
Local Governments

Others

0% 10% 200 30%  40% 50% 60%  70%

Figure 6.2 Institution perceived as most important in authorising a CCS demonstration project

State Council
MDRC

POST

Ministry of Finance
SERC

Ministry of Environmental Protection

Local Governments

Others

0% 5% 10% 15% 20% 25% 30%  35%

Figure 6.3 Institution perceived as second most important in authorising a CCS demonstration
project
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6.2 Regulating and monitoring CCS projects

In cantrast to conventional thermal power projects, where regulation and monitoring are mainly
implemented by local authorities, a higher proportion of respondents believed NDRC, MOEP and
MOST should be heavily involved in regulating and monitoring CCS prajeatklition, some

believed MOF should be involved because of its potential capacity to provide financial support.
Surprisingly, SERC, despite its regulatory power, was only identified by 6% of respondents. Some
respondents believed that the State Courstibuld be involved at some stage especially for
regulating and monitoring large storage and transportation facilities in relation to CCS projects.

Other

Unsure

State Administration of Work Safety
SERC

Municipal Government
State Council

MOF

Provincial Government
MOST

MOEP

NDRC

0% 10% 20% 30% 40%

Figure 6.4 Institutions expected to be heavily involved in regulating and monitoring CCS projects

6.3 Potential advantages in developing CCS demonstration projects

Before exploring the potential financing schemes for CCS demonstrations, we asked

stakeholders whether they agreed with four statements on potential advantages of developing

CCS demonstration pexts in China. The average rating (shown in Figure 6.5) implies that

developing CCS demonstration projects was best placed to demonstrate Chinese governmental
effort in combating climate change as well as potentially create an advantage for Chinese power
companies for investing in CCS technologies. Almost half of the respondents disagreed with the
statement that the CCS demonstration projects would attract foreign investment, probably

because foreign investors have encountered regulatory challenges inmgpthe Chinese

power sector. A few argued that indigenous Chinese equipment manufacturers are unprepared

G2 O02YLISGS Ay GKS //{ SldzALIYSyd 2N §SOKy2f 238
FGY2AaLIKSNBQ® Ly | | dzS & pant fyom aiddei®RandredSaich T A OF f f &
institutions, approximately half claimed CCS demonstration in China may increase their R&D
funding, but 41% were unsure.
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Create advantages for power equipment vendors and manufacturers in China
v

1..|||||||I|||||.H:ln:.......l.......uul7%notsure
Strongly Disagree Neutral Strongly Agree
(1 (3) (5)

Demonstrate the efforts of the Chinese government in combating climate
change and therefore improve its international image

v
llll|||||||||1||||||l|1|||||||||||||||lll1°A)nDTSUI'B
Strongly Disagree Neutral Strongly Agree

(1 (3) (%)

Create an advantage for Chinese power companies investing CCS technologies
v

l.........l.......ul.1.......I.........l4%notsure
Strongly Disagree Neutral Strongly Agree
(1) (3) (5)

Attract foreign investment

v
llIIIIIIII|lllllllllllllllllll|IIIIIIIIIl 3% not sure
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Figure 6.5 Perceptions of the benefits of developing CCS demonstration projects in China

6.4 Finarcing CCS demonstration projects in China

To understand the potential financing schemes and options for the CCS demonstration projects
in China, 16 key stakeholders were selected and consulted, including 5 chief financial officials
from the energy industry3 power companies, 2 oil companies), 7 commercial bankers, and 4
development bank energy specialists. Of these, 5 also participated in fofidaceto-face
interviews.

2S FTANRG Fa1SR GKS [[dzSadAz2yyY WgKlulycdpial 4§ KS RS&aANE
investment for capture facilities, assuming CNY 1.5 billion is required for capture demonstration
investmentin a600MW codl A NS R L2 SN LI Fyid Ay [/ KAYylFIQd ¢KS NB3
according to the respondentsn average 51% of egity should come from government divided

between the Chinese government (20%) and foreign governments (31%). In addition,

respondents believed it would be desirable for charities, multilateral banks, and energy

foundations to provide 21%, 23% and 13% suppespectively. Although, in terms of

developing technological knowledge, power companies are probably one of the most significant

and direct beneficiaries in the CCS demonstration project, the survey results suggested power

companies might only provides®% of initial equity to such projects. Five CFOs from power & oil

companies consistently argued that the CCS demonstration projects should be fully supported

by public funding, as the extra operating, credit and market risks brought by the CCS projects

wouf R NBRdzOS G(KS @I fdzS 2F GKSANI oFasS LXtryda 06asSs
WO2YHMIAMVRE Q NAR Al & ONRdAzZAKG 2y o6& //{0®d hy GKS 20KS]
management and operating quality could be enhanced if power companiether private

parties partially financed the initial equity capital to create a structure similar to that of a public

privateLJr NIy SNEKA L) 6ttt ood ¢t62 NBalLRyRSyi(a ada3sSaist
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WiSOKy 2t 238 LINE JA R SiNE QitiakeutydzapRal (thiS opRoy \Bas @o2 dzND S 2
listed in our questionnaire).

The average perceived ratio of (equity capital) / (total capital) was 47%, much higher than the

20% to 25% value that is common in conventional thermal power projects. Criariankers

believed much lower capital leverage would be required to create a more stable capital

structure, in order to compensate for the extra operating risks involved in CCS demonstrations.

However, most financial officials from power companies pefed that a highethan normal

Slidzaie G2 RSodG NIGAZ2 g2ddZ R 0SS AdzZFFAQMBIY G @ CdzNIi K €
was endorsed (or guaranteed) by government with favourable terms for debtors, should be

considered for developing CCS demontétra projects in China.

B Internal funds from power or oil

companies

M Subsidy from Chinese national
government

® Subsidy from Chinese local

governments
m Grant from foreign

governments
® Grant from multilateral banks

or organizations
m Grant from charities & energy

foundation

Figure 6.6 Desired mix of sources for the additional equity capital investment needed for
capture facilities on a 600 MW cefaled power plant in China (based on the average results
from the 16 financial experts consulted)
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