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Monday, December 12, 2016

The 3rd Guangdong International CCUS Workshop
Successfully Held in Guangzhou
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On 12-13 December 2016, the 3rd Guangdong International CCUS
Workshop:  "Accelerating CCUS Technology Innovation, Cost
Reduction and Risk Mitigation” was successfully held in Guangzhou
by the UK-China (Guangdong) CCUS Centre and co-organised by the
National Center for Climate Change Strategy and International
Cooperation (NCSC) and the China CCUS Centre. Mr Daowen Wu,
Deputy Director of the Development and Reform Commission of
Guangdong Province, Mr Matthew Rous, Consul-General of the
British Consulate General Guangzhou, Mr Neal Carlin, Head of
Energy and Climate Change, British Embassy Beijing, Mr Li Ma,
General Manager of the South China Branch of China Resources
Power (CRP) and Mr Darshak Mehta, International Consultant, SDAS,
Sustainable Development and Climate Change Department, Asian
Development Bank (ADB) each addressed the opening session of the
workshop.
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Mr Daowen Wu,

Deputy Director of Development and Reform Commission of Guangdong Province
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Mr Matthew Rous,

Consul—general of British Consulate General Guangzhou
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Mr Daowen Wu said, “As the
national low carbon pilot
province and carbon emissions
trading pilot, Guangdong has
gained remarkable achievements
in combating climate change. As
one of the most important
carbon  emissions  reduction
technologies, CCUS is essential to
substantially lower the energy
and carbon intensity per unit of
GDP and realise low carbon
development. Based on the UK-
China (Guangdong) CCUS Centre,
Guangdong has conducted a
number of projects on CCUS
technology industrialization,
financing and demonstration etc.
which has effectively promoted
preliminary CCUS work in
Guangdong. At present, in terms
of system innovation,
Guangdong, in combination with
the existing reform of the electric
power  system, will give
appropriate support and policy
guidance to enterprises carrying
out CCUS.
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Mr Matthew Rous said “Over the
past three years, with the support of
the National Development and
Reform  Commission and the
Development and Reform
Commission of Guangdong Province,
through the joint efforts of many
participants, major progress has
been made in preliminary studies on
CCUS. Currently, we are studying the
feasibility of geologic storage under
the South China Sea and a roadmap
of carbon dioxide storage, transport
and industrial utilisation. Human
society has reached a broad
consensus on developing CCUS and
jointly combating climate change.
The UK and China have cooperated
in various areas including offshore
wind, carbon emissions trading,
green finance, sustainable
urbanization etc. in Guangdong and
in South China to promote energy
transformation and to deal with
climate change. The Centre provides
a communication platform for
professionals in the CCUS field. I
look forward to further
contributions by the Centre in the
development of CCUS and relevant
industries.
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Mr Neal Carlin,

Head of Energy and Climate Change, British Embassy Beijing
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Mr Neal Carlin said that some people
still consider fossil fuels as an essential
part of the energy mix, so CCUS is the
key to Ilimit the global average
temperature rise to below 2°C. He said
that the UK has supported not only the
Centre but also the China CCUS Centre,
carbon storage projects in Xinjiang and
Sichuan, and the large-scale
deployment of CCUS in China with
£35m through the ADB’ s trust fund.
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General Manager of South China Branch of China Resources Power
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Mr Li Ma said the Centre has discussed
with China Resource Power many times
on CCUS in coal-fired power plants. In
August this year the feasibility study for
a carbon capture test platform was
completed. Once the report has passed
review, CCUS will move into the real
implementation stage and construction
is planned to start in 2017.

He stated, “We are also making best
efforts to promote the declaration and
approval of Units 3&4 in Haifeng Power
Plant to provide a guaranteed
application for CCUS. As the only CCUS
demonstration organisation in the five
provinces in South China, the Haifeng
Power Plant shoulders heavy
responsibilities and still has a long way
to go. We hope that we can
demonstrate low carbon
industrialization in Guangdong province
with the help of CCUS technology
innovation, cost and risk reduction and
effective project implementation.”
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Mr Darshak Mehta, International Consultant, SDAS, Sustainable Development and Climate Prof Charles Hendry, Visiting Professor of the University of Edinburgh and Former UK State
Change Department, Asian Development Bank (ADB) Minister of Energy and Climate Change
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After the opening address, Professor
Charles Hendry, Visiting Professor of the
University of Edinburgh and former UK
State Minister of Energy and Climate
Change, gave a keynote speech on the
future of fossil fuels. He considered this

MEERE  RERRERS SRR

Mr Darshak Mehta said “China has
made great progress in greenhouse gas
emissions reduction and set an
ambitious goal for 2030. ADB has set up
a CCUS fund and also supports the
development of Centers of Excellence in
Guangzhou, Shanghai and Indonesia. In
the future, ADB will contribute to
greenhouse gas emissions reduction
through the establishment of technical
frameworks and specifications for the
Centers.
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workshop as an opportunity to bring
together the experts from the University
of Edinburgh and other universities and
organisations to further promote
changes in the future. “As we can see,
some large companies, regional policy
decision-makers, investors from all
countries in the world including the
largest fossil fuel users are heading
towards low carbon development. Fossil
fuels will still comprise 45% of energy
production in the next 20 years, and we
must recognize CCUS’ s important role
in combating climate change and make
greater efforts to advance its
development. In this field, we must work
together and share our expertise and
resources.”

[ 11 ]
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Mr Bixiong Luo, Former Director of UK-China (Guangdong) CCUS Centre, General
Manager of Guangdong Electric Power Design Institute (GEDI)
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Dr Xi Liang, Secretary General of UK-China (Guangdong) CCUS Centre, Director of Centre for
Business and Climate Change, Senior Lecturer in Energy Finance, University of Edinburgh

BIH®E (J &R ) CCUSHLEEB Y
BERENTEEER. EEE. 72

R, EfRRR. MR TEESHEE]
Y RO=FNRERRE. BNE , b
SR T EREANKEE T kiEETNR
REURBRENLFERRRE ; FE
THRAESRSRRZHE. BERIIE.
S|NEFIBEXIE ; SR=MBNF. &
TEXZE, &8XZE. LBREAZE. K
%ﬂlﬁ[ﬁ%ﬁﬁr B, . JH)E

HITEIERY | BEiTHRS0IRS

TEER , POBEIFRIRITRERRAS
mHIS1E  EERABEREIAONES
HITERIMIMEECCUS SiE SRR
HBEE. Bt sRSmER TR
RAHERIER.,

[ 12 ]

Mr Bixiong Luo, the Former
Director  of  the UK-China
(Guangdong) CCUS Centre, briefly
reviewed the development of the
Centre in the past three years
concerning  platform  building,
demonstration projects research,
international communications, web
sites, publications, and outreaches.
He said that the Centre has
completed the first in China the
report on carbon capture ready of
a large scale power plant and the
feasibility report for the carbon
capture test platform. It has carried
out projects concerning linking
carbon capture and carbon
emissions trading, offshore carbon
storage and CO, utilisation. It has
also discussed opportunities for
cooperation in scientific research,
education and training with the
Dongguan municipal government,
the University of Edinburgh, Hong
Kong University, Shanghai Jiaotong
University and Dongguan
University of Technology.

Mr Luo said that the Centre has
gradually built its international

influence through active
international communication and
cooperation, and promoted
cooperation amongst

organisations at home and abroad
in the industrialization of CCUS
and clean coal.
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Dr Xi Liang, Secretary General of the Centre,
chaired the opening session and expressed
his gratitude for the support of the Centre
Management Committee, Advisory
Committee, enterprises and the
government over the past three years. He
promised that he would continue to
improve the management systems of the
Centre and listen to the opinions of all the
parties to promote the Centre’ s work.

[ 13 ]
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The Centre then signed a
collaboration MOU with the UK
enterprise Pale Blue Dot Energy
on behalf of the attendees of the
workshop.
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Mr Heping Zhu, Chief Development Officer of Planning Department, South China Region,
China Resources Power Holdings
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Following the signing
ceremony, Mr Heping Zhu,
Chief Development Officer of
Planning Department, South
China Region, China Resources
Power Holdings, said, “The
CRP Haifeng Plant is the
leading organization for CCUS
demonstration supported by
the Development and Reform
Commission of Guangdong
Province, and we have been
researching the CCus
demonstration project with the
University of Edinburgh and

Guangdong  Electric Power
Design Institute since June
2013."

He said that CCUsS

demonstration is being carried
out in three steps: first, the
feasibility study to make Units
3&4  CCUS  ready  was
completed in March 2015;
second, the feasibility report
on the carbon capture test
platform in the operating units
of the Haifeng Plant was
submitted to CRP in December
2016; and third, the investment,
project construction and the
third-party inspection of the
test results will be completed
in 2017-2018.
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Prof Jia Li, Technical Director of UK—China (Guangdong) CCUS Centre, Visiting
Professor of The University of Sheffield, Asia CCS Advisor of Pale Blue Dot Energy
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Professor Jia Li and
Associate Professor
Pengchun Li reported the
findings of the capture
and storage parts of a
project supported by the
Development and Reform
Commission of
Guangdong Province with
a Special Fund for Low
Carbon Development.

Professor Jia Li said that
the energy efficiency of a
1000MW unit was studied
through computer
modeling, and its future
carbon capture process
was designed. It was
found that the retrofit
cost of a 1000MW unit is
around 1billion RMB; and
about 40% of the power
plants in Guangdong will
need to be retrofitted with
limited effect on their
economic performance. In
order to fulfill China’ s
promise to peak its
emissions by 2030, 10% of
the power plants will need
to be retrofitted by 2020
and more will be needed
during 2021-2030.
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Dr Xi Liang, Secretary General of UK-China (Guangdong) CCUS Centre, Director of Centre for
Business and Climate Change, Senior Lecturer in Energy Finance, University of Edinburgh
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Associate Prof Pengchun Li, South China Sea Institute of Oceanology (SCSIO), Chinese
Academy of Sciences (CAS)
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Professor Pengchun Li said that the
site  screening and suitability
analysis have been completed for
the producing oil fields in Pearl
River Mouth Basin. The HZ21-1 and
HZ32-2 oil fields and the saline
aquifers above the XJ24-3 oil field
are selected as candidate sites for
CO, storage in the demonstration
project.  Preliminary  simulation
indicates that about 30 oil reservoirs
were suitable technically for CO,-
EOR and carbon storage. The
feasibility of reuse existing offshore
oil exploitation facilities was studied,
and positive result was obtained.

[ 18 ]
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Dr Xi Liang concluded the meeting
with the findings of the research on
Linking CCUS and Carbon Markets
in Guangdong. The project was
supported by the Development and
Reform Commission of Guangdong
Province with the Special Fund for
Low Carbon Development.

He said the project focused on
reorganising the whole system, the
regulatory approach, and the
project managing departments of
carbon emissions traders in order to
find out how to reasonably and
legally include carbon emissions
reduction in the carbon emissions
trading system, and to provide
suggestions for managing early
stage demonstration projects in
Guangdong. CCUS projects might
potentially receive support from the
carbon market through emission
controls on key emission enterprises
and revenue from auctioning
allowances. He also suggested
issuing carbon transport and
storage related certificates
according to the end use of the CO..
Linking CO, storage and the green
power certification system would
also promote CCUS deployment.
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The 3rd Guangdong International CCUS Workshop, held

by UK-China (Guangdong) CCUS Centre on 12 December

2016, discussed the international experiences and R
“

technical status of CCUS technologies.
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Mr. Sam Tam from the U.S. Department
of Energy said “In order to make fossil
energy cleaner, the United States
Department of Energy now focuses on
energy efficiency and carbon capture and
storage technology. We need to capture
carbon dioxide from industry to reach
the climate target in the future. The U.S.
is integrating different technologies into
existing power plants to boost their
economic value; and participating in
CCUS through partnerships with various
regional organizations to develop new
technologies and reduce cost.” He
went on to say, “we hope to strengthen
cooperation in clean energy, and at the
same time, solve problems in economies
of scale for both fossil fuels and
renewable energy."

[ 21 ]
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Mr Eddy Chui, Prof Jon Gibbins,
Director of Fossil Fuels, Natural Resources Canada, Government of Canada Deputy Director of UK—China (Guangdong) CCUS Centre

As Mr. Eddy Chui

from Natural

Resources Canada Prof. Jon Gibbins described
introduced his the status of UK CCUS
organization by technology at the workshop,

saying “Since 2008,
the Canadian Federal

by saying "nearly 300 world-
class experts, universities and

and Provincial research  institutions  are
Governments  have involved in the UKCCS
invested large Research Centre which was
amounts of money in established by government
CCUS projects. agencies and national energy
Canada owns a series organisations. The center aims
of large-scale at scaling up CCUS projects
demonstration and reducing unit costs at the
projects, such as the same time. During this
Alberta Carbon Trunk K EJon Gibbins #EN BEE process, we set up a system
project, and a series CCUSHAHERN , "EERRESS that has developed a series of

of post combustion

. carbon capture and

INE X B R IR &Y Eddy carbon dioxide
Chuifc&EMEENEBiE : "M20085 utilisation projects. In

Fra |, M AR B RIS BRFE addition to that, we

technologies. In the power
industry, CCUS and natural
gas power generation cost
reduction is very important. In
the field of biomass and other
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TEEESHTATE | F5—X5| Canada. We have SEEEATRIESEE | TEYETE largely try to reduce the cost
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WEZ. RILZI , HIEFET relationships  with BT AE — Szl ik transport and storage. As a
— s \IIRBIIE. BIIS5AEAE differe'ntt' t TERR(KCCUSHIRRA., 1ER—NASRER res_earch{ instiltutil?? of dﬂt‘e
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QHEMTF’ZE,JQ{’E%% , PIEH further accelerate the n*{l{f@ ' ix’,{l]fﬁ%ﬁbj]*;ﬁz_ﬂ‘ﬁ}m{,ﬁi* continually providing technical
—SINRCCUS TIERYER, CCUS development.” MBI and training support in the

future.”
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Dr Tony Zhang,

Senior Advisor of Global CCS Institute (GCCSI)
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Prof Qianguo Lin, Director of China CCUS Centre
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Mr. Tony Zhang from Global CCS
Institute described Australian CCUS
technologies and said: "Australia is a
large fossil energy power generation
country relying on black coal and lignite.
The Australian government attaches
great importance to reducing carbon
emissions and developing CCUS. In
recent years, the Australian government
has provided large amounts of funds for
the research and development of CCUS

technology to untie CCUS and the power HEE(FA  SaERKRRE. © TR
industry and to control project cost in a g . "EERSEL  FOBILM

centralised way. The CCUS projects
developed in Australia include capture
projects using chemical absorption,
physical adsorption and membrane
technologies as well as storage projects
with great potential.”
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Prof. Qianguo Lin said that "As to
China" s CCS status, in terms of
technology development, the Ministry
of Science and Technology has
supported some research institutions to
develop multiple CCUS projects, which
has laid the technical foundation with
comprehensive development. In terms
of projects, China is positioned to
demonstrate industrial CCS based on
the research and projects developed
over the past years. With respect to
policy, we need to consider how policies
and projects can mutually develop and
interact with each other.” He went on
to say "in terms of international
cooperation, multilateral and bilateral
cooperations have been conducted to
promote the development of CCUS in
China. The Asian Development Bank has
supported two CCS centres in Shanghai
and Guangdong. In the long term, I
hope these cooperations can be
planned overall on a national level to
promote the CCUS commercial
demonstration.”
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Jon Gibbins stated: "we are interested in offshore storage which is
characterised with both challenges and opportunities. Hopefully, the UK
and China will cooperate more in this field, especially in CCUS research,
deployment and implementation. We have done a lot of CCUS

o EREEMGHEIRTS  Sam Tamiid : ‘BRGSO ESEEHE  SEEE theoreticgl research.and' pilot projects, aiming to develop more
HE, ER—MEERLARIEAS  (EVEEBRR , RITCEReE SUliEEE e R S nCh
HHXLER), HNFBEHRSFRNIE | IESEATSZEER | LRI

FIMEIX—R , LUatiEst, " ¢ Tony Zhangi® : "CCUSR—INKHINTI(E , RESEEITHBEEMA
RECBRERIS— SRR ; SRR , BUF., iR

In the following discussion sction, Sam Tam said: "our mission is to share (EHERATLEFEENkA , FEBSRAEMIIE BRSNS,

information, especially in China, a perfectly suitable place for commercial B, BAINEAOMETEETES , T AS5EE , FREFNBGESRE.

verification. The government of the United States is willing to promote PN

these activities. We need to do a lot of lobbying work to enable American XiH:':I:l E%E’Jzebl]ﬁillh‘mﬂ? BRI S ER | SBHEAIEA

companies to share information, we have successfully done this before, MERRIFEERSES AR,

and we will do it again in the future.”
Tony Zhang said that "CCUS is a long-term cause with many operating

projects gradually deploying from the relatively low cost industry to
other sectors; at the same time, the government and enterprises are
reducing the cost of capture technology and whole chain operation

¢ Eddy ChuithAly : "ERHUESELERNERENE | BEDFIXEIFH through investment, and using policies to gradually reduce the overall
LIFIH0)I| , BAEESED , LAERAYSCHECCUS, cost of CCUS. In addition, we should devote more efforts to publicize

and promote CCUS to get more industries and enterprises involved for
better policy support. For China, we should focus more on

Eddy Chui said that: "we have gained a lot of experiences in large-scale strengthening international cooperation to bring in advanced
demonstration, so we can consider how to share these experiences and technologies and experiences from overseas and to enhance
lessons, and help each other to implement CCUS more quickly." international competitiveness." il
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Geological Utilisation under Low Oil Prices?
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Ms. Guangyi Deng, Member of the
Committee of the Centre, expressed her
gratitude to the attendees of the
workshop and said: "CCUS is one of the
most  important paths for deep
decarbonisation on the basis of energy
structure  optimization, and energy
conservation. The UK-China (Guangdong)

CCUS experts from the UK-China (Guangdong) CCUS Centre, Scottish CCS
Centre, Institute of Rock and Soil Mechanics, Chinese Academy of

Sciences, Global Carbon Capture and Storage Institute, China University of

CCUS Centre has been established for
three years and is committed to
promoting CCUS projects and applied
technology. The afternoon session will be
set for reviewing the research outcome of
the first carbon capture test platform in
China which focuses on the research of
technologies at home and abroad from
the aspect of innovation, diversity and
large-scale demonstration.”

[ 28 ]

Petroleum, Tianjin University, Xinjiang University and other institutions
gathered in Guangzhou for the 3rd Guangdong International CCUS
Workshop held by the UK-China (Guangdong) CCUS Centre on December

' - 12th, 2016. They shared the work in progress on CO, storage and

&= utilisation around the world, with a focus on how it is the influenced by
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Engineering, Tianjin University
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First, Prof. Zhi Wang from the School of
Chemical Engineering of Tianjin University
described their research on the high
performance CO, membrane and its separation
process. He said that the current CO,
membrane separation technology is mainly
used in natural gas purification and it is still in
the stage of laboratory research for use by the
biogas and synthesis gas purification industry
because it is not yet economic. In this regard,
Prof. Wang, with his research team from Tianjin
University, have studied the development of
membrane materials, membrane
manufacturing technology and membrane
process design for nearly 20 years.

[ 30 ]
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The research team has developed a highly
selective and permeable, and heat-,
pressure-, acid- and oxidation-resistant
separation membrane which used piperazine
as the crosslinking agent. They then
improved the performance of the membrane
through applying a variety of permeating
mechanisms that the vertically aligned
nanomaterials formed a high speed channel.
In addition, a membrane with carboxylate as
the carrier of CO, shows good oxidation and
acid resistance. When designing the
membrane process, they found that
appropriately increasing the pressure on the
feed side and reducing the pressure on the
permeation side can boost the driving force
and ensure high permeability.

According to Prof. Wang, the research team
has developed several types of advanced ,
perhaps world-leading, new membrane
materials, and membrane module and
membrane separation demonstration
devices with high separation performance.
They have also built a gas transfer model to
study the mechanism of interfacial
polymerization and the relationship between
“membrane  manufacturing, membrane
structure and membrane performance” .
They have designed an economic membrane
separation process that can be used in flue
gas, synthesis gas and methane
decarbonisation.

He added that, compared with the
traditional chemical absorption method, a
membrane separation device has the great
advantages of requiring a smaller area and
30% lower energy consumption.

[ 31 ]
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Prof. Xiangshan Ma from the Global
Carbon Capture and Storage Institute
reviewed the status of international carbon
storage. He said that storage requires
complex hydrological, geochemical and
other knowledge. The most common
methods used are deep saline aquifer
storage, CO,-EOR, and depleted oil and
gas reservoir storage, which need to
consider the storage capacity, injecting
volume and safety issues.
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He said, in order to realize the two
degree scenario, 95 billion tons of
carbon dioxide needs to be stored by
2050. In the field of geological storage,
China and the U.S. are large markets with
a total storage capacity of 700 billion
tons in depleted oil fields; the Middle
East, Asia and Europe have the greatest
potential. The U.S. Japan and Europe
have completed research on evaluating
overall CCUS resources which show good
prospects. The overall storage capacity is
as large as 2-21 trillion tons in the U.S., 2
trillion tons in Brazil , and 1.57 trillion
tons in China. For the injection part of
the process, compared with the U.S.,
Canada and Australia, China is still in the
early stages and has a lot of work to do.
For the storage part of the process, each
country should consider their own
conditions and geological structures
when deciding on the storage methods.

Relatively  well-known international
storage projects include the Brazil CO,-
EOR project, the Norwegian seabed
direct injection and storage project, the
Boundary Dam CO,-EOR and deep saline
aquifer storage project, Japan deep
saline aquifer storage project, and the
French carbonate anticline injection
project, etc.

The storage security issue has been
studied in the air, and at the earth's
surface, shallow and deep layers.
Currently, there is no technical barrier for
CO, injection, but international
cooperation, funding, and policy support
are needed.

[ 33:]
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and Soil Mechanics (IRSM), CAS,
Consultant of

UK-China (Guangdong) CCUS Centre
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Prof. Xiaochun Li from the Wuhan Institute
of Rock and Soil Mechanics, Chinese
Academy of Sciences reviewed progress on
CO, storage in China.

The CO, geological utilisation and storage
being developed now mainly focus on
depleted oil and gas fields, CO,-EOR, ECBM
and saline aquifer storage. These
technologies are still in development, and
the theoretical storage capacity is huge. The
Carbon Capture and Storage Roadmap
released by the Chinese Ministry of Science
and Technology planned to carry out the
pilot demonstration in 2015 and achieve
industrialization by 2030, and it also set the
standards for the scale of the integrated
system (above 300 thousand tons), cost (no
more than 350 yuan/t) and energy
consumption (an increment of no more than
25%).
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So far, domestic CCUS projects
include 4 post-combustion
capture projects, including MEA
and MSA projects, with a pre-
feasibility study on the million-
ton MSA project completed by
Sinopec; 135MW oxy-fuel
combustion project operated by
Huazhong University of Science
and  Technology; 2 pre-
combustion projects and 4
industrial separation projects.

The most commonly used
methods to use and store huge
amounts of CO, are enhanced
water recovery and enhanced oil
recovery. To achieve the 2020
target, financial incentives and
regulatory mechanisms must be
improved, while the project scale
should be generally reduced.
From the  perspective of
government, the roadmap should
include the following messages:
appropriate incentives, complete
preset targets with considerations
on costs and energy penalties.
The  demonstration  projects
should take account of the
regulations; and second
generation technologies should
be developed. For enterprises,
they should choose a suitable
storage technology and focus on
system integration and risk
management.
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Prof. Di Zhou, advisor of the UK-
China (Guangdong) CCUS Centre,
gave a briefing on the offshore
CO, storage work in Guangdong.
As Prof. Zhou said, the major
outcomes of the preliminary
research are: 1. Offshore CO,
storage is the basic form of
storage for Guangdong; 2. The
Pearl River Mouth Basin (PRMB)
has large storage potential; 3. Early
opportunities lie in existing oil
fields with existing infrastructure
and data, which can be used to
reduce costs and save time; 4. 2 oil
fields and 1 saline aquifer are
proposed as candidate sites; 5.
Primary modeling has been
conducted for the HZ21-1 field.

Until now, all the work is based on
published data which is neither
detailed nor complete, so many
conclusions are of large
uncertainty. Consequently the
Centre  will  strengthen the
cooperation with CNOOC, utilize
complete and updated field data to
finalize the site selection, to
evaluate its safety, capacity and
infrastructure availability, and to
work out a preliminary project plan
and budget estimation.
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Prof. Stuart Haszeldine from
the Scottish CCS Centre
introduced the carbon storage
activities and progress over
the past 10 to 15 years in the
North Sea. His team used
existing information to
develop a storage atlas of the
North Sea and to select
storage sites along the
continental shelf. He thinks
that the CCUS chain needs to
be broken, which means
different companies should be
responsible for the capture,
transport and storage parts to
improve the efficiency of
commercial applications and
to separate the risks. The risk
of the first project developed
in the UK will be borne by the
government. As for now, the
commercial interests of the
storage projects are relatively
low, so the market should be
developed. The measures for
reducing the cost of CCUS
include building capture and
storage  clusters,  sharing
infrastructure, and establishing
a carbon trading chain to
share the risk and cost, and to
ensure a stable supply of
carbon dioxide.
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Associate professor Qingsan Shi of the
Xinjiang University described current
CCUS developments in Xinjiang. He said
Xinjiang has rich resources and favorable
geological storage conditions, including
saline aquifers, oil reservoirs, gas
reservoirs and unminable coal seams with
good physical properties in three
sedimentary basins, a suitable natural
environment, relatively centralised large
industrial CO, emission sources, and
highly explored oil and gas fields. In
particular, the Tarim, Junggar and Tuha
basins have rich oil and gas resources
with good oil quality, which can facilitate
CO, miscible flooding. The potential
capacity of integrated development of
CO, storage and enhanced oil recovery in
Xinjiang is about 4 billion tons of CO..
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The CCUS projects under
development in Xinjiang include (i)
the Dunhua Karamay Petrochemical
Plant carbon capture and enhanced
oil recovery project, (ii) the 100,000
tpa PetroChina Karamay
Petrochemical Co. methanol plant
PSA exhausted gas carbon dioxide
liquefaction and capture project, (iii)
Sinopec Tahe Refinery PSA exhausted
gas 100,000 tpa carbon dioxide
capture and 80 million m3/y nitrogen
air separation project, and (iv) the
Xinjiang Guanghui New Energy Co.
coal to liquefied natural gas (LNG)
project with an annual output of 1.38
million tons of methanol, 0.84 million
tons of dimethyl ether and 550
million cubic meters of LNG.

The rich fossil energy resources,
centralised carbon sources and low
density population lead to relatively
low construction and operation cost
for CCUS projects in Xinjiang.
However, challenges also exist, such
as ensuring the benefits of capture,
transport and storage for enterprises
along the CCUS chain, evaluating the
storage efficiency of EOR operations,
distributing and settling the interests
of entire society along the whole
industrial process chain, combing the
carbon trading system and CCUS-
EOR in the future, and how the
government can accelerate the
development of CCUS technology in
the society level, etc.

[ 39 ]
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Prof Bo Peng,
EOR Research Institute, China University of Petroleum (Beijing)
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After the presentation, the experts and attendees discussed the driving forces for
CO, storage demonstration in China, mainly focusing on 4 questions: 1. What is the
motivation for CO, storage? 2. what kind of driving forces do we need? 3. what are
the opportunities and strategies to activate the driving forces? 4.What can science
and business field do to help with that?
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Prof. Bo Peng form the China
University of Petroleum shared his
view on the influence of oil price
changes on storage feasibility. The
carbon dioxide  emissions  of
petroleum industry from oil and gas
exploration, transportation and
refining, including direct and indirect
emissions, are affected by the size and
type of power plant. The CO, storage
potential of the petroleum system is
far greater than the total emissions in
China. The oil industry can wipe out
their own carbon emissions, and also
contribute to the carbon emission
reductions of the whole society
through certain ways, which is one of
the driving forces of CCUS.

However, in China, CCUS is lack of
legislation, policy, government
investment and external funding, and
financing mechanism. Compared with

other flooding methods, CO,-EOR
technology is relatively new and
requires higher cost, so the oil

companies are reluctant to apply this
method under low oil prices. The
advantage of CO,-EOR is it can be
combined with carbon market to
unlock the driving force of CCUS
storage market . Thus the carbon price
is the key to unlock the CO, storage
market.
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Prof Xiaochun Li, Institute of Rock and Soil Mechanics (IRSM), CAS, Consultant of UK-

China (Guangdong) CCUS Centre
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As Prof. Xiaochun Li concluded,
The lack of motivation is mainly
due to the lack of  policy,
economy and technology driving
forces. And the internal cause is
the relative weak competitiveness,
high cost and  immature
technology of CCUS compared to
other emission reduction
technologies. In addition, the
synergistic effect of CCUS is not
as good as wind and solar energy.
With the policy development,
scale-up of the technology, and
the pressure from climate change

targets, the driving force of
policy will gradually become
mature.

The opportunity to promote the
storage development includes
supporting the development of
Shaanxi, Xinjiang and other
specific areas, or finding other
good demonstration projects and
better business models.
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Mr Alan James, Managing Director, Pale Blue Dot Energy
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Mr. Sam G}nersall and Mr. Alan James from UK Pale Blue Dot (PBD) Alan JamesScAEERNA TPBDA First, Mr. Alaln James introduced the
shared their experiences on Carbon Capture and Storage (CCS) at the S 235 B AR EE EIE T CCS scope of PBD' s business and the on-

invitation of the UK-China (Guangdong) CCUS Centre. PBD is working going CCS projects in the UK. These
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. on many CCS research and development projects, including assisting E. Pali Blue DiOt/‘*am{"’Egﬁ: include oil and gas conversion and
- the UK government on general planning. PBD confidently expects to AAE : EREENEE. GHENXAS seeking for other new energy forms.
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Currently, the UK is carrying on 3
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KEREEEHT=TTEHR | research projects: Clean Energy Project

BRESB=RIBERRINE. RASS in Scotland, Hydrogen Production from
HLEFIRE |, LUK Teessidett X fg—A4 Natural Gas, and a small scale project
NETRE. EdE+HEh |, EEE in Teesside. In the past decade, the UK

T . has completed 6 FEED studies.
177 1 FEEDSTHRIFAF.
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The feasibility study on the Caledonia Clean
Energy Project is being conducted by the UK
and Scottish governments. It includes a pre-
combustion 570 MW low-carbon power
generation project, which can capture 3.8
million ton CO, per year and transfer it to the
North Sea by a natural gas pipeline. The CO,
will be compressed and transported for
offshore storage using another offshore
pipeline. Using existed pipelines can reduce
the cost of CO, offshore storage.

The Amec Project captures CO, from Norway
or central Europe. The project is currently
under feasibility study and is expected to be
completed in 2017. Teesside is an industrial
area of manufacturing plants, refineries and
processing factories which cause heavy
emissions of CO,. In 2015, PBD conducted a
regional study on the feasibility of offshore
storage and CO, utilisation according to the
data from 4 areas.

Project Acorn is a project to capture CO, from
natural gas which is joined into the UK natural
gas network. Two front-end engineering
projects were developed in 2007 and 2008.
Another two projects were developed in 2015,
one planned to carry out post-combustion
CCS in a natural gas plant, transport and store
the CO, in a depleted oil and gas field; the
other is an oxy-fuel combustion project,
where there are plans to construct a new
pipeline in an area of large-scale emissions in
the UK.

CCS in the UK has been mainly focussed on
carbon capture and storage in thermal power
plants, and industrial carbon capture in
cement and steel plants and refineries. In the
future, hydrogen will be used for
decarbonisation. Meanwhile, there are plans
to develop CCS in heating systems and the
transportation sector in the UK. In northern
England, PBD is promoting heating with low-
pressure hydrogen instead of natural gas.

CCS is a key point of energy transformation.
The cost of mitigation will increase without
CCSs.
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Mr Sam Gomersall,
Commercial Director, Pale Blue Dot Energy

Sam GomersallZcENEA T sEFERA
ek ( ETI) X32030F eSS
mEIS . ETIRERERN—NAHFIFAASG
YELKEENAE |, AR EO B AFTAERE,
RYISREEEER, ETI—2ESHmillel
iRt | —EDREREBUF.

SEZHERESARER , REBIB
] (BEMS8 ) EgkiitiThin
PEARME  MSEB Bk, 7R
SHSIRESL, , #1E20304F , BT EATHIRR
HER ARG > 2309, RIBEUFAITUMN |
2030 EEHRHITIOGW S ikiEESs
HEF. ZSMAKIKHE ( EOR ) ST KE b
BIFTINE , EORNAREEEHXFTH
=R EPRYPeterhead X F 1 B 4 —1 X
A S AREERUR ; M ERFIFE Rl
XNEHEERE. —SHEEEETRDE
SR |, TR 2030 AT F 5000 5
M, SIETIFRAR D , 20305
10GWHICCSEA17H. PBDERItEFE
N E SRS FEEH TR | LN
XSIETAL,

Mr. Sam Gormersall introduced the Energy
Technologies  Institute  (ETI)  which
conducted an analysis on the status of CCS
in 2030. ETI is a UK public private
partnership institute with a research focus
on innovative low-carbon technology to
support energy transformation. Its funding
is partly from commercial organisations
and partly from government.

As shown by research carried out by the
Climate Change Committee,
decarbonisation should first be conducted
in the power generation section because
of its low cost, including gas power plants.
CO, produced from power generation
should not exceed 30g/kWh in 2030 to
mitigate against climate change. As
estimated by the government, there needs
to be 10GW of CCS by 2030. CO,-EOR will
bring added value. The development of
EOR is centralised mainly in the Peterhead
and other areas of CO, emissions in
Eastern Scotland, but balanced in the
middle and western regions. The amount
of CO, captured will continuously increase
and will reach 50 million tons in 2030. As
estimated by ETI, it is possible to achieve
10GW CCS in 2030. PBD is also working on
an assessment of CO, storage in the UK.
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Mr. Alan James introduced a UK
strategic storage assessment project
supported by ETI, DECC and Axis Well.
The project aims to set up competitive
CCS projects and lower the cost to
£100/MWh by providing reliable
information (e.g. the amount and
location of potential CO, sources)

The project plans to screen and select 5
potential sites from over 600 sites, and
develop complete design and planning
for those 5 sites, including the cost of
research and design. By the second
quarter of 2016, PBD had screened and
evaluated 579 sites, and made
substantial progress with storage
capacity of 900 million tons. All this
data can be accessed in the UK national
database. To further develop the
project, the scale of each site first
needs to be determined, as well as the
length of the pipeline and the depth of
the storage. PBD uses standards for
these factors according to the IEA
Guide. The selected sites should be
representative to diverse geology and
technology. The sites include 2
depleted oil and gas fields (about 12%
of UK resource potential) and 3 saline
aquifers (about 88%-90% of UK
resource potential). PBD has set up
simulation models of the 5 sites to
check their injection performance
according to hypothetical CO, data,
including  potential CO, output,
transportation and the use of pipeline
or platform in each site, and also the
cash flow, time sequence, operation
cost and life-cycle cost, etc.

HEFTEF=/FEEDIAR , H+&
SRVCCSEERZK , AL , fF4L
EAMARI7.1GE, ZHitAICO,EFE D
#+57.8G,

PDBIIE &4F7EForties;fAAYS OFH
FBH—MEFRAOHF , IR S
TR , RRER3MIM, EESIREF
B60005MAYE S ; LIERINEEMER
19% , it BunterfyHEEE1X2.8/21%
W NHISHSE ( VikingFlHamiton )
ALAHEFEAXEN "SR, HamitoniE
BEEXRBI0AE , HEHERE70% ,
HRIEEENS005, MARIKHIE
IBHSHNEKE  §FEFE01A5.212
MBSk, NRFABIEESRIFF
%, i BRI AR IR AT
BEEMA (AIFENEATE , SFEH
. BN, HOEE. #iP. ERK
), DAREEHFIEHBIRA.

FEiZzIB s , PBDEBERIENETE
WHIERIFAN —SREELE ,
FEEDFTE20205E1KZ1.612M, #i%
FRNEHFEEEH—SHIR ; BRE
BERBERRT |, Tt el AR RIChE.
IMENXES RERAFHOEY , B
HEZEM., MBtHAR14-15%8
/U (HHHETF6IRE/IKE ) , HPEHE
B TS iEm AT FRIR AR,

~

There are currently 3 FEED studies in the
UK. The CCS capacity in Golden Eye is
the largest one, with 200Mt to begin
with, rising to 7.1Gt. The total CO,
storage potential is 7.8Gt.

PBD’ s projects include 5 wells in the
Forties Field and 4 wells in another site,
and CO, readiness, with a total capacity
of 300mt. The storage potential at the
Golden Eye site is 60mt. The storage
capacity in Bunter is expected to be
280mt with current storage efficiency of
19%. The 2 depleted oil and gas fields,
Viking and Hamiton, can be used for
large scale CO, storage. The cheapest
way is to store CO, in saline structures of
depleted oil and gas fields, where the
CO, storage potential is up to 520mt. If
all the projects are conducted, the prime
life-cycle costs will consist of facility and
operational costs (which is the capital
expenditure on the platform, including
cost of heating, monitoring, operation
and maintenance of wells, and financial
cost), and the cost of drilling and well
repairing.

PBD will make more detailed CO,
storage plans for the selected storage
sites. The storage potential is expected
to be 160Mt in 2020. The 2 selected sites
need further drilling which will be
conducted when the environmental
policy is appropriate. The estimated
project cost is £14-15/t (about £6.9/MW),
with the offshore CO, transportation and
storage cost included.
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In the discussion section, Professor Di Zhou
first raised her concerns: "Is storage
efficiency obtained by calculation? The
pressure of different region needs to be
taken into account for the simulation. How

do you get AXIS data from an oil company?”

Mr. Alan James replied that the storage
efficiency is calculated by storage capacity,
estimated by simulation, divided by area; as
to simulation parameters, only 2 sites have
low pressure in this project, other sites are
operated under original pressure. The
situation in the 5 sites is different, and PBD
expects the research output of these
projects can be applied in similar situations.
He went on to say that according to the UK
Environment and  Climate  Change
Department regulations, the information
and data referred to are required to be
published when applying for the “Oil
Permissions” . The oil company’ s data
confidentiality is limited to 5-6 years, after
which it is made public. Hence it is possible
to access the AXIS database of the oil
companies.

Jia Li, technical director of the Center raised
questions concerning the effects of the
design distance and potential storage in the
transport cost report, other considerations
for a storage point, and the impact of the
storage efficiency on the cost. Mr. Alan
James answered that PBD assumed 3
supply possibilities in relation to CO,
transport costs, and pipeline was designed
from shore to offshore storage sites. Each
site will give different emission levels. For
the storage site with 6% efficiency, more
wells are required to inject the same
amount of CO,, and the cost is relatively
higher.

RAFER,

g (74 ) CCUSHMLERE]

Prof Di Zhou, Consultant of UK-China (Guangdong) CCUS Centre

fr s

NFEERIEESSEBEZEHNKRE
Charles Hendryst4i2HAY "Bty
FitBXEREE |, RIBRBEXICCSHE
2REA" FhE@ , Alan JamesEIEIE :
BHIRMATIEIFEEEN =1 FEEMIZ
fez—REE. BEERNEEFERT6-74
| , sTLARFCCS. {BRVikinglIEiEe

265255 , FREIENEE  FEEBEFA.

FEEFEIEMIZEIE AT R BFIET
SRRYIXIES .

PR R R REFERIRAR  REE
BLEHERETENFRIEREE ? REE
TEXKZFStuart Haszeldinez2(iZR1&1E ,
HEAcornIl B EF BRI IS ST
BCCS , AT RZ ISR ELBMHEE
HibigitideE. BeIfFEMEETRERAF
S5a R aERRH TR X ESE.,

Prof. Charles Hendry, former UK
State Minister for Energy and
Climate Change, asked: “If the
existing infrastructure is important
in the North Sea region, and could
be useful for CCS?" Mr. Alan
James replied that one of the three
critical infrastructures for early low-
cost projects is the pipeline. The
pipeline to Golden Eye has been
used for 6-7 years and can be
applied to CCS, but the pipeline to
Viking has been used for 25 years
and cannot be reused because of
the pressure. At the same time,
when using existing pipelines
should also take into account the
risk of degradation by the reuse of
the infrastructure.

Professor Di Zhou asked, “When
will the first offshore storage site in
UK be in operation?” Professor
Stuart  Haszeldine  from  the
University of Edinburgh answered
that project Acorn uses existed
facilities and equipment for CCS,
hence it has a short design phase.
But the problem is that the UK
government and oil companies still
need to communicate further.

I
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Mr. Sam Gomersall introduced the
Acorn project. Project Acorn is located
in the northeast of Scotland, and
supports the development of low-cost
full-chain CCS projects. There are many
storage sites in the east of the UK' s
North Sea. Scotland has very strong
storage potential. Acorn will serve as a
catalyst to promote carbon capture in
refineries and chemical plants in central
Scotland.

Golden Eye uses the capture facilities of
an existing natural gas plant in
Peterhead, Scotland, and uses an
existing pipeline for CO, transport to
the storage site. There are other
storage options, for example, a pipeline
going towards the depleted oil and gas
fields in the middle of the North Sea.
There is a lot of existing infrastructure
such as pipelines and offshore
platforms, e.g. the Golden Eye platform.
Two pipelines connecting this platform
are about to get retirement approval
from the oil and gas company, and will
not be usable after a further 5-6 years.
Consequently PBD wants to promote
the Acorn project so that the pipelines
can be used for CCS before their
retirement.

In January 2016, PBD officially applied to
the EU for financing the Acorn project for
CCS technology development in BG and
Shell" s oil and gas fields. The budget is
about 2.8 million euro and the feasibility
study will take 18 months. The project will
collect data, analyze the usability of
existing infrastructure, further screen the
storage sites, setup a development plan,
and popularize CCS knowledge. There are
good regulatory frameworks for storage in
the UK, and many regulatory approvals are
required to promote the project. The
feasibility study will be wused as a
development plan for the feasibility of CCS
elsewhere in UK and Europe. It will assess
the feasibility of the reuse of oil and gas
infrastructure, and protect the existing oil
and gas infrastructure for further use in
CCs.

PBD7E1 B/ BB IE IR A AT
g , LWEREXRAS BT AR
FRHRSEHFRERENCCSHEAREN
AcronIfiB , FTAE280 5T , #1718
MNBE{THASR. AcornIiHEISEK
HFEFEETEKXRS. MEBELLONAZ,
ZIMEEAERE LR I 1
ke 7ot FFHTIFEERIEEE
et , FIBERIERRAME |, 'IT—
IFRAR , HFERSHITIRERE.
BRIREERSHFRERESE B/
MRS RERZ MBI IALE. XHZIT
BRYAI T AR A REREMN TR
CCSIRMHEIITRYA = | THMABFIRRS
EuthigheayeliTi |, (RIFIIBRIHASE
RS HELMEREECCSHH—EF A,

PBDitXIfEREFH{TREICCSIRE |,
FARMLERAITHRELE. B
INBIIRBFE | 2iiELEA TS
BHTEANENIE  EFFRIER
NERERE. BB LNELUTY
A, PBDT—iERIEEEAEINE
SR , FENtEHFETEEEESS5EIX
ANIEF,

Al

PBD plans to conduct early CCS projects in
UK, as well as to develop and deploy the
most feasible plan.They will start with
relatively small scale projects and, after the
verification of their feasibility, will continue
with larger scale projects. PBD will use
existing capture devices and offshore
pipelines to save cost. Furthermore, PBD
will apply for funding from the EU, and
expects China could also participate in
these projects.
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Mr. Alan James concluded with the
following 6 key points concerning CCS:

1. The amount of CO, supply, injection
rate, and the maximum transport
distance for CO, need to be considered
for CO, storage.

2. For every project, everything needs to
be planned, re-planned, and planned
again before it is put down on paper. Any
complex project always benefits from a
well thought out plan.

3. There should be a manual for each
storage site, and also a database of the
resources available.

4. The proposed storage site should be
defined, and its size and type to be
known. The IEA's Guide is mainly for
onshore CCS projects, which have
different economics to those offshore.
Take this into account when using the
Guide. In PBD’ s experience, if it is not
sure whether a CCS project can keep
progressing, an alternative storage site
should be prepared, as well as a backup
plan.

5. Access to data is an important issue for
PBD in selecting storage sites. The
national database is very important for
CCS research. For the storage operator,
some data from the oil company might
only be obtained after signing a
confidentiality agreement.

6.TUHNXFHRIFEEE. ERR
R AR . X FEA—
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6. The industry's attention is also
very important. Use standard
business methods to reduce risk.
For any complex project,
professionals focus on R&D,
operators focus on business, but
other stakeholders also need to
provide suggestions.

In the discussion  section,
Professor Di Zhou raised her
concerns on “What is the scale of
project Acorn? Will the estimated
cost increase? What are the
funding sources?”  Mr. Alan
James responded that the annual
amount of CO, supplied and
injected will be 250,000-400,000
tons. The minimum injection was
set by PBD based on current
negotiations. It is the minimum
design criteria to run the project
taking into account the interest of
the Stakeholders. The estimated
cost of the project in the
feasibility study is about £200-300
million, and it will increase by
£100 million if the existing
pipelines need to be replaced.
The Scottish government will
provide funding for the project.
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interested to know PBD’' s opinion
on CO, injection and storage
monitoring. Mr Alan James replied
that the injection well was fully
designed; it can monitor the
temperature and pressure of the
well during the injection, and
underground monitoring will be
done mainly by repeated 3D seismic
survey, the same as that carried out
by Norway' s national lab.

Professor Stuart Haszeldine
answered the remaining questions
by saying that if a coal-fired power
plant wants to deploy carbon
capture and offshore storage, it has
to consider if the storage capacity
of the site could load dozens of
million tons of CO, PBD has
selected 5 sites to support future
larger scale projects with storage
capacity sufficient for CO, captured
from 1-2 natural gas power plants
running for 10-20 years. The
injection efficiency is affected by
injection performance, but the
number of injection wells should
also be taken into account.

Stuart Haszeldine#i5 R , iEAERS
EANMEERNF N , ERtEEEEENH
IE1TEE | fl— M EH A LUK
JINEAH  NUEmERE—280HY
EAE , ZE—NMtE2SOH |, X
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EERES P EE EAESam Mr.  Sam Tam, China  Chief S FEESHIE T EAZRRIEE Professor Di Zhou had questions on
Representative of USDOE, was the selection of storage sites, the

minimum  storage amount, the
storage duration, and the injection
rate of the sites. Mr. Alan James
answered that the main criteria for
site screening is not the storage
capacity, but is the CO, injection rate
which could reach 500-800 million
tons annually.

As Mr. Sam Gomersall said, PBD
wants to explore further the way and
approach to cooperate with the UK-
China (Guangdong) CCUS Centre.
There are some potential storage
sites that PBD would like to co-access
with the Centre and to explore more
opportunities to work with the Centre.
We hope that other organisations
could join the cooperation. He also
wants to study offshore CO,
transportation and storage, and
wishes to establish a partnership with
China to carry it out.
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In 2009, China’ s State Council proposed its 2020 goal for greenhouse gas emissions,
and then in 2010 made Guangdong a low carbon pilot province. Guangdong has made
remarkable achievements in greenhouse gas emission control to which the UK-China low
carbon cooperation has contributed significantly. In September 2013 the UK Department
of Energy and Climate Change (DECC) signed a joint statement in London with the
Guangdong Development and Reform Commission, witnessed by governor Zhu Xiaodan
of Guangdong Province, to strengthen low carbon cooperation. The joint statement
highlights the importance of collaborating in Carbon Capture and Storage (CCS).
Supported by the Guangdong and UK governments, the UK-China (Guangdong) Carbon
Capture, Utilisation and Storage Industry Promotion and Academic Collaboration Centre
(the “Centre” ) was officially founded on December 18th, 2013. The Centre is committed
to promoting the demonstration of large-scale CCUS projects to tackle greenhouse gas
emissions. At the same time, the Centre will also provide an international collaboration
platform for solutions to other local pollution problems (such as haze, water pollution)
caused by coal utilization, and to accelerate the industrialization for clean fossil energy
technologies and to train qualified professionals.
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