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1. CCUS Development in China
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' Role of CCUS in China" s Climate Policy Agenda

According to the latest China’ s Annual CCUS Report 2021,
published by the Administrative Centre for China’ s Agenda 21,
Ministry of Science and Technology. CCUS has been recognized as:
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CCUS is the only technical choice for low-carbon utilization SRR %?f&}ﬁiﬁt
of fossil energy. (ccus) wmims (2001
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CCUS is the main technology to keep the power system el 2n
flexible under the goal of carbon neutrality. RN
CCUS is a viable technology option for industries such as /
steel and cement that are difficult to reduce emissions.
Negative emission technology coupled with CCUS and new Carbon neutrality has been listed in China’ s
energy is an important technical guarantee to achieve 14th Five-Year Plan (2021-2025), which

carbon neutrality.

emphasizes deploy broader CCUS construction.

Source: China’s Annual CCUS Report 2021.




' Current CCUS projects in China

21 projects in operation by 2020, with 2
million tonnes capacity pa.

More than 20 projects under construction
by 2021.

Projects spread across 19 provinces.
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*PetroChina Jilin Oil Field Project
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Taiwan Cement Project
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Hailuo Cement Project
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Carbon Transportation:  The projects that using pipeline as transportation are marked with "', other projects are using vehicle transportation.

Source: OGCI CCUS White Pater, 2021
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' Current CCUS policies in China

More than 60 national policies emphasize

CCUS.
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Only 3 provinces didn’ t release local 23CCUS

CCUS policies.
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Guangdong and Shanxi have more than 4

special policies for CCUS development and
also constructed at least one CCUS
demonstration project.

RIAHCCUSHIRZEMN

Source: OGCI CCUS White Pater, 2021
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' Potential CCUS Clusters

<
Ordos Basin Songliao Basin
* chemical plant * chemical plant
* power plant * power plant
* cement
* steel
* oil refining
Junggar Basin * biomass utilisation
: 'Y
* chemical plant Bohai Bay Basin
* power plant
el schemical plant
* steel . |
power plant
* cement
* steel
* oil refining
* biomass utilisation
Sichuan Basin Pearl River Mouth Basin
* power plant * o1l refining spower plant
* cement * biomass utilisation * cement
* steel *0il refining

Source: China's CCUS Roadmap 2020.




' Technical Path of CCUS Industry in China

The second generation capture technology with
low energy consumption can greatly improve the
economy of CCUS technology and is expected to
achieve effective emission reduction in traditional
industries such as coal power and coal chemical

industry at a lower cost.

The application of BECCS and DAC technologies
can achieve negative emissions, which is very

important to achieve the goal of net-zero emissions.

Bioethanol combined with CCS will be the most
commercially attractive technology. Traditional
biomass can be further extended to broad
biomass (e.g. municipal solid waste) to reduce
carbon dioxide and other pollutants through the
mixed combustion of waste and fossil energy in
steel, cement and power application industries.
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Source: World Energy Outlook, Paris: IEA, 2018.




' Source-sink Results for coal-fired plant and cement

Coal-fired plant distribution and potential storage sites
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® Jungar basin, Turpan Hami basin, Ordos Basin, Songliao
Basin and Bohai Bay Basin are considered to be the key
areas for the thermal power industry to deploy CCUS
Technology (including CO,-EOR). It is suitable to give
priority to the early integration demonstration project
of CCUS and promote the large-scale and commercial
development of CCUS technology.
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Steel plant distribution and potential storage sites
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® [ron and steel enterprises are mainly distributed in
provinces with abundant resources (such as iron ore and
coal), such as Hebei, Liaoning, Shanxi, Inner Mongolia,
and coastal areas with port resources. These areas are
economically developed and steel demand is large.
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' CCUS Cost Prediction

Pre-combustion  100-180  90-130  70-80 50-70 30-50  20-40
Capture Post- 230-310  190-280  160-220  100-180  80-150  70-120
cost( ¥ /t) combustion

Oxy-fuel 300-480  160-390  130-320  110-230  90-150  80-130
combustion
Tank car 09-14 0813 07-12 06-1.1 0511 0501
Transportation
cost( ¥ /t/km)
Pipeline 0.8 0.7 0.6 0.5 0.5 0.4
Storage cost( ¥ /t) 50-60 40-50 35-40 30-35 25-30  20-25

® The overall scale of China's CCUS demonstration projects is small and the
cost is high. The cost of CCUS mainly includes economic cost and
environmental cost. Economic cost includes fixed cost and operation cost,

and environmental cost includes

consumption and emission.

environmental

risk and energy

A
CCS unit costs
e

Early stage Middle stage Late stage

Carbon price

> Time

® The carbon price or carbon tax is much lower than
the cost of CCUS, which will require a large amount
of public sector funding support. As the cost of CCUS
decreases and the level of carbon prices rises, when
the cost of abatement is lower than the price of
carbon, CCUS will not require financial subsidies and
would become a competitive low-carbon technology
that can be developed without public sector funding.

I N R A —————————————————
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Potential CO, Reduction Demand of CCUS by Industry,

2025-2060 (billion tonnes per year)

0.06 0.2 2~5 2~5

Coal-fired plant 0.5~1 2.5 - B
Gas power plant 0.01 0.05 0.2~1 0.2~1 0.2~1 0.2~1 e
16
Steel and iron 0.01 0.02~0.05 0.1-0.2 0.2~03 0.5~0.7 0.9~1.1 14 Steel
Chemicals
12 Coal-fired
Cement 0.001~0.17 0.1~1.52 0.2~08 0.3~1.5 0.8~1.8 19-~2.1
10 plant
Gas
BECCS 0.005 0.01 0.18 0.8~1 2~5 3~6 s Cement
6 DACCS
DACCS 0 0 0.01 0.15 0.5~1 2~3 4
BECCS
Petrochemical 2
etrociiemicals 0.05 0.5 0.3 0 0 0 - s
and chemicals 0 —05
2025 2030 2035 2040 2050 2060

All industries 0.09~03 0.2~4.08 1.19~8.5 3.7~13 6~14.5 10~18.2




' New Business Opportunities
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New areas

Potential
business
activity

CCUS project
life cycle
stage

Potential
executive agency

Confirmation
and simulation
of storage site
characteristics

Provide storage
site
characteristics
confirmation and
simulation
consultants

Storage area
development

Consulting
companies, oil and
gas companies,
research
institutions, and
other energy
service companies

Storage site

Consulting
companies, oil and

CO, injection

Assessment of | Assess storage developed gas companies,
storage risks risks from storage | research institutes
site closed and other energy
service companies
: : Well Construction
Supply and Provide materials
. development, company,
analysis of well | for development . : .
i demolition and engineering
materials and closure
closure consultant
CO,
transportation :
L Construction . :
Cco, and pipeline Pipeline builders

transportation

development,
construction and
operation

and CO,
transportation

and operators

repair

. Detect the : Professional
Detection and closing .
storage of CO, : energy service
Technology . : link after
In the basin . company
Injection
Provide
development Well
O, well pme | |
. and execution | development | Oil well service
service
systems for well and CO, company
company L S
monitoring and Injection

CO, storage
certificate/certif

Provide
certification
services for CO,

CO, injection,
shut-in, service

Certification body

SRR BB RRRRRRRE=

ication _ after shut-in
storage activities
Financial
institutions and | Provide financing . . .
: . S Project life Banks, insurance
risk and financial risk L
: cycle Institutions
management | transfer solutions
institutions




' New Business Opportunities

A single company invests

Vertically
Integrated
Model

in capture, transportation,

and service

JV
Model

A single company invests
in capture, transportation,
and service. This single
company is usually a large
oil and gas company with
emission sources,
transportation
construction capabilities,
and storage sites
(including EOR sites).

A joint venture ( JV ) is
established through capture
units (such as power plants),
transportation companies
(such as pipeline operating
companies) and storage
units (oil and gas companies),
responsible for the entire
chain of CCUS projects (such
as power plants, pipelines
and storage facilities)
investment and operation

Operator
Model
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Transporter
Model

An operator model is similar
to a JV model, but the
operating company may be
an independent third party
or chain units of the joint
venture, such as in the case
in the Canadian Weyburn
project, the United States
Enid fertilizer plant Combine
the EOR CCS project and the
US Coffeyville gasification
plant CCS project.

The third-party transport model is
connected by the transport unit to
the capture and storage units, such as
in the case of the Val Verde natural
gas production unit in the United
States combined with the CCS project
and the Shute Greek CCS project. The
capture unit (such as a power plant) is
responsible for the capital cost and
operating cost of capturing carbon
dioxide and retains benefits of carbon
dioxide emission reduction.

L
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Put into
operation

Site selection Approval and Investment Commissioning
SHE SEieet Feasibility study PP : decision and
and concept * . detailed design trmction A

* 1~ 3 years * 1~2 years * 1~2 years * 1~—~2 years * Less than 1 year * 20-30 years
* Highest risk * Higher risk » Medium to high + Medium risk, the * Low to medium * low risk
u v v risk
* Less than 20% of * Less than half of = . CrEaE » After stable
. . project overruns, . . .
the projects can the projects can » More than half of delaved completion The trial run phase operation, the
finally start finally start approved projects and Yulic c]fan as is not long threshold
construction construction will realize polcy & g investment return
. ital . ital investment * Most projects will E;;_lgm (T rate is low, ranging
. . decizions be put into . om 6%o 10 &%
Low capita Low capita p ing T
requirements, requirements, 3 oneration normall requirements,
500.000to 1 million to 5 million » Significant funding aigter the ¥ usually as part of * Insurance funds,
million RMB RMBE neads 10 million to ivestment the project commercial funds
illion yuan . . ayment can bu
» Stage threshold » Stage threshold 30 million decision i .
investment return investment return » Stage threshold « Larce capital needs * General investors * Continuous
rate: higher than rate- 50%~ 100% investment return 50 Ugmillfc-n to 2 : will not invest in monitoring is
200% rate: 30%~ 50% billion projects in the trial required after
3 operation phase operation ends
* Stage threshold
investment return

rate: 15%~20%

Funding requirements, risks and threshold rate of return requirements
at each stage of the CCUS project cycle(take a million-ton full-chain
project as a case)

e R R ——————————————




' Risks Analysis

ysny
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| |

o perat O ———— government
1 /landowner
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government
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Nandowner ) .

site selection operation (injection) end | Development period
- |
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| |
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|

Risk

Government take the risk

Construction Operation Shut Time

down

The probability of occurrence of risks in each stage of the
sealing process and the main responsibility subjects

UK =China (Guangdong) CCUS Cantre
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According to the different stages of the
project, the regulatory elements of the
CO, injection, storage and address
utilization stages can be. At all stages,
assuming compliance with  project
approval and filing processes, the project
should also strictly fulfill the reporting
responsibility and report to various
relevant departments, such as the
Development and Reform Commission,
urban and rural planning, energy
conservation, environmental protection,
land, seismology, safety supervision,
amongst others.




2. CCUS Development in Guangdong

2.1 UK-China(Guangdong) CCUS Centre
2.2 GCCT
2.3 Future Plan
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' UK-China (Guangdong) CCUS Centre

Dec 2013, Guided and promoted by
Guangdong Development and  Reform
Commission, Guangdong Electric Power
Design Institute Co. Ltd of China Energy
Engineering Group, Clean Fossil Energy
Corporation, UK CCS Research Centre and
Scottish CCS Centre jointly conducted research
on carbon capture, utilisation and storage. UK-
China (Guangdong) CCUS Centre was
launched.

UK-China (Guangdong) CCUS Centre is a non-
for-profit organisation and aims to boost
industrial  development and  academic
cooperation in CCUS and near zero emission
technologies in Guangdong to combat climate
change.
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' Guangdong Carbon Capture Technology Centre(GCCT)

The preliminary technology screening
of GCCT began in 2014, with 5 out of
14 technologies shortlisted into the
technical test pool, including physical
adsorption, chemical absorption and
membrane separation process. At the
second round of screening, amine-
based absorption and membrane
separation technologies are finally
selected as first batch to be tested.

Phase | of CCUS Demo Project using Post-combustion capture
technology, is the first of its kind built in an ultra-supercritical
coal-fired power plant in Asia. The project aims to test multi carbon
capture technologies in parallel using real flue gas from the power
plant, and to provide an open access facility for piloting, scale-up and
verification and optimization of different CO, capture technologies.
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Tech. & International Collaboratlon Hub

O First multi-technology Carbon Capture Test Platform based on
coal-fired power plant in Asia .

O Recognized by Guangdong provincial government as a CCUS
demonstration project of provincial level.

O Includes a Test Platform Area (i.e. pretreatment unit, capture unit,
compression unit and CO2 storage unit), a Chemical Laboratory
and a Technology & International Collaboration Hub.

O Phase 1 is built with two sets of carbon capture facilities : a
compatible designed amine solution CO2 capture unit; and a
compatible designed membrane separation CO2 capture unit .

O Phase 1 is designed with a CO2 capture capability of 20,000 t/a.




1. Pre-treatment Unit

Reduce the temperature of the flue gas of
power plant, further reduce the content of SO,,
NO,, acid mist and other pollutants in the flue
gas, reduce the corrosion of carbon capture
device and the impact on capture efficiency.

2. Carbon Capture Unit

a) Amine-based capture device: in the CO,
absorber and stripper, amine solvent reacts
with CO, in the flue gas, and finally obtains
the industrial grade 98 % CO,

b) Membrane capture device: after separation
and purification through the three-stages
membrane component, industrial grade 95%
CO, can be obtained.

3. Compression Purification Unit

After further compression, cooling, dehydration
and removal of impurities, liquefied CO,
product is stored in the corresponding
industrial-grade or food-grade CO, storage
tanks according to its purity.

UK =China (Guangdong) CCUS Cantre
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Horizontal storage |
tank of liquid CO,
at food and
industrial grade

i -

Transport piping
connected to tanker.




GCCT Participants
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CEoC
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3. CCUS in Steel and Cement Industries

3.1 Overview
3.2 A case study



|/

Crude steel production and CO2 emissions (million

tons)
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Industry CCUS Development Opportunities in Steel Sector m
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Crude steel output, CO, emissions and
CO, emissions per ton of steel in China
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Carbon emission assessment of China's iron
and steel industry (2000-2019 as statistical
curve, 2019-2050 as prediction curve)
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' Industry CCUS Development Opportunities in Cement Sector
CO, emission in different industries Unit carbon emission intensity of
cement industry in different regions
100 pilliont B coal Wpetroleum | natural gas B cement steel
120
1003 World Average
North America
80
Latin America
60 l l I l I I l l I I Japan, Australia, Newzealand
- B B Europe
2 - B cis
55 z China and India
Asia ex China, India, CIS and Japan
vear Africa and Middle East
) 19 %} ] [T b 19 3 t %) t I by 19 (S ] t 1 5 T T T T T — T ) kg CO2/t
8 2 88 838 88 8 g8 22 2 £ 8 282 3 =2 100 200 300 400 500 600 700 800

The production process of the cement industry converts a mixture of limestone, clay and other
materials into cement powder, which is an emission-intensive process. In 2018, the global
cement industry produced more than 4.5 billion tons, and China's cement production exceeded
50% of the world's total output. Carbon emissions were about 700 million tonnes, accounting
for 7% of the country's total emissions.
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' Research Trend in Guangdong

Source-sink, 2021

The steel industry is less (blue), but the
emissions of a single enterprise are
larger; There are more cement
enterprises (purple), the distribution is
more dispersed, and the single
enterprise has less emissions.

There are 5 areas in the coastal areas of
Guangdong province that have the
potential to deploy CCUS cluster
projects with the Pearl River Mouth
Basin. One area is available for
sequestration in the Beibu Gulf Basin.
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A case study: Economical assessment of a large scale

CCUS project in a steel plant m

= ﬂ VA Production 0.5mt/a
\ f S | Total Plant Costs CNY360.0m
fA Owners Costs CNY25.2m
7 Working Capital CNY20.0m
P/} Guahazhou Start-up Costs CNY2.0m
J S Total Capital Investment CNY407.20m
Macao@V‘ ®Hong Kong
50012 KE
— CO, Concentration 20%
<
: En:&zﬁ; . N Amine Cost 40000CNY/tonne
Operating Date 2016.7.15 Equipment Group Amine Consumption 1.2 kg/tCO,
Zhanii:}'mg,ar'anch Electricity Price 0.48 CNY/kWh
Location Zhanjiang, Guangdong ;ai@I)(ou Electricity Output Penalty 142 kWh/tCO,
Waste Amine Disposal 500 CNY/t amine
Water Cost 6.5 CNY/t
Production Scale 9.38m t/a INAN CO, transport and storage 112CNY/tCO,
Annual Profit (2017) ¥ 2.6 billion
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CCUS project in a steel plant
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A case study: Economical assessment of a large scale

CCUS project in a steel plant

Economical analysis

COA (Cost of CO; Avoidance, CNY/tCO,):
r (I,+0O,+F,+8S,)

ZFO (1+7)"

(1+7)

COA =

I, the investment costat year n,

On the fixed operating and maintenance costat year n,

F  the variable costs (incl. fuel and solvent) at year n,

Sn the transport and storage cost at year n,

Q, the total amount of CO, captured from the project at year n,

the total amount of CO, generated from an auxiliary power plant for
supplying steam and electricity for capturing and compressing CO, at year n,

3!.‘_-

& (/"% ) CCUS i

b UK=China {Guangdong) CCUS Centra

CFP (Incremental Cost of Steel Product, CNY/tCO,):
ZT (_In+0n +F;7+Sn)
e (1+7)

Zr 6-Y
= (14r)

CFP=

Y the total amount of crude steel produced at year n,

the percentage representing the fraction of CO,
6  avoided divided by the steel total CO, emissions
from the steel plant without capture,
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A case study: Economical assessment of a large scale

CCUS project in a steel plant m

Economical analysis Results

Life Time 25 years
Discount Rate 12%
Unit CO, Emission Intensity 1.65 tonne COy/tonne steel Total CO, Capture 11.25 million tonnes
Working Capital CNY20.0m Annual CO, Avoidance 0.36 million tonnes
Equipment Operation Time 90%/a Total CO, Avoidance 8 8mullion tonnes
Tax Rate 2% Working Capital CNY20.0m
Transportation and Storage Cost 112 CNY /tonne The Cost f Full chain CCS

p g e. ost for a ain 448 CNY/t CO,

Project

CO, Sale Price 200 CNY 'tonne
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