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(1) Importance of CCUS xiis. FIRSIHEFRARNEIL

CCUS is the only technological option to realize low-carbon utilization of fossil energy.
ccus R EpISEM A s ERILTI BAIE—R AR &L,

It is estimated that by 2050, fossil energy will account for 10%-15% of China's energy
consumption.

22050 &, WAREREDEEZEAE, STEREFREZEILHIAI10%~15%.

CCUS can maintain the flexibility of power system to realize carbon neutrality.

ccus ERPHIEIT FMRIFBARFAREENERRAFE.

By avoid an early phasing out of coal-fired power stations, the necessary support for
system inertia and frequency control is then guaranteed when facing the great volatility
of renewable energy and potential seasonal power shortages.
KEBMN=CCUSEERRFNNERIATFE, ASLIIAEHANN, RERESSRKETD, F
@ﬁjﬂﬁ%ﬁ%ﬁﬁ%ﬂ’ﬂi&ﬁ]ﬁ, FHERRZET (4 EIKHIMERIE DS RS T AR IF IR I S IEF ISR
FEZ(FHA.
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(1) Importance of CCUS xiis. FIRSIHEFRARNEIL

CCUS is a feasible technology option for hard-to-abate sectors, like steel and cement.
ccus EiNEkIKiRSFELURHET T L RBREE BRI BT 1T R iE R,

After implementing measures like efficiency improvement, raw material substitution,
and etc, it is estimated that 34% of carbon emissions in the steel industry and 48% of
carbon emissions in the cement industry are hard to abate.

TRLTEI20505, N TBISREN T 2804, R, sbRERENSEEARALDERE, 1
BRIR34%aIRHANE, BESEZRERK(DRNIABISERSR, RRKANETREITS%.

IKiATIEIT RENE B ERHE S e, (T5FRIR48%RIBRHEE.

CCUS coupled with renewable energy could realize negative emissions.
ccus SiheeilFE SRIGHIES A 2SI BirRIEERARE,

CCUS coupling with bio-energy, usually referred to as BECCS, could realize negative
emssions. Negative emission technologies can neutralize greenhouse gas emissions and
provide important support for achieving the goal of carbon neutrality.

BECCS REUBGHMBIS AR PR E SN, HERESNSFTRL, AL HE
IREHEESIE,



(2) CCUS projects in China fxifitE. FIASHEFEIREHERBR

CCUS Projects in China

O There are about 40 CCUS projects
that are in operation or under
construction in China. The capture
capacity is around 3 million
tons/year and the cumulative
storage capacity is 2 million tons.

O i [E B §% 15 5 1218 A A9 CCUS
FEREXRI0), HEED
30050/, BitiF2005
ECO,.

bR/ M

) >100sk cO, FEAMRNE - SREAA SR SRAERE
—m BRI HIRESCo y o AR RS R
ad kBT A HIALIEEIRE /I 2= T e =
{ ERGEREREURHHCCSIR i \ @ — —AEHHEORIZH jn gperation
1 — S HEEORIAE f ® RS I HHEORAE
E *—EIRCO IR KEFEIM B IS : ™~ COBEMERIEFINE
{ = ’ , T%&ﬁﬁ&ﬁ;mrﬁm@
t, = g o 87 CO ithi@FHITE
g Ll P " A EIYRIGCCR IR
) 0.15 million tons/year, if‘operation L | | LT masameanermanne
| BB RE MIRRCO MR SHFL R RER w| @ PE{HFEEEORER
3 ERGRRILLCO, ARSI ARR L o ®———— PEFEEH TEORER
(v ERIECO, B (1) ——— EAER DR RIGCCH HEIRE
& KEGHEORFE——9 || m PR PEHAEORTR
N na AT HLRIFCO, - e TEH4HEEEOREE
N hRECO SN SIRE (1 ) ._L?—i.’eaé&fs]mrmm;em@
N PrpmERR AR REEE— RIVSEME I 100 LSRR
ﬁ@ﬁiﬁﬁ*ﬁ}ziﬁ*—i}i\mﬁlﬁﬁfﬂﬁ 300 Nm?/hifS.CO, TP F &
s ; ) Ll s thigiHm7k36-15HCO, S BIRE
ccusHki & -

R A S SMWR SR AT SE
@ & Enhanced oil recovery an - . ¢
* KBS Stored in salinity water ... ™ et 21 &
m m¥== Enhanced Coalbed Methane Recovery i/ smsiiv
A BREFECTHA Capture (including chemical ysage) ©- " &# 75
o @K@ |n-situ leaching of uranium

CCUS projects in China
Source: China CCUS Annual Report 2021.
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(2) CCUS projects in China fxifitE. FIASHEFEIREHERBR

CCUS Projects in China

O The existing CCUS pilot
demonstration projects focus on
demonstrating carbon capture

technology and EOR technology.
Large-scale, full-chain projects are
rare.

O MERNCCUSH A RBIRE LB %
TR TIKERATEORKE AR, X
HtE, SEESRIRBENERD.

O China has the design capability of
a large-scale, full-process system
and is actively preparing for the
full-chain CCUS industrial clusters.

O FEESAHIE. 2TERRS
itgen, ARRESEIRTREESR
AICCUSTJLEERS,

iR/ AN

) >100sm co, REAMIREE ? SRR AR SR
—<gm NERBERERT (CRIRES o) =5 ERAMSRESMRE R
- kB A RIB LR ERE— / SRR R
4 ERSEFEEHHCCSIT > ® AEHHEOREE _jn gperation
1 * - FiE;AMEORITE ; ® [FERZEEEORRS |
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" 0.15 million tons/year, ifi‘operation
N[ERRE MIEECO AR SHESRERER

? ERG AR LCO ARSI ER "l R PR RBTAE TEORRE
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%‘ ; E‘E\) Li o . i HERZk 36- 15 HCO, HEIRE
CCUSH/M nn -
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o @K@ |n-situ leaching of uranium

CCUS projects in China
Source: China CCUS Annual Report 2021.
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(3) CCUS technology costs in China EARABR
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China's CCUS demonstration projects are small in scale and expensive. The cost of CCUS mainly
includes economic costs and environmental costs. HER/IccusT el BiiER I MNE A BIS., CCUSHIREATE

BERETTRS MRS,

Economic costs include fixed costs and operating costs. &7k A iEEERLAF

 m— i

Loy=+

97

Environmental costs include environmental risks and energy consumption. ISk A SIS IS X BEFOEE

iIRiH#E.

2025-20604ECCUSTIARAIAX A< Cost for CCUS Technologies in 2025-2060

Year 2025 | 2030 | 2035 | 2040 | 2050 | 2060

WARRTRES Pre-
combustion
SN MRS TSR Post-
Capture combustion
BRI Oxy-fuel
combustion
1=k Transport tEZE Truck
(RMB/t-km) &8 Pipeline
$j7F Storage

Source: China CCUS Annual Report 2021.
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(3) Carbon capture technology in China BRHEEERARIIX N STATE, GRID
> China's thermal power industry will reach a Bf“éic"s‘)e 8
peak for unit renewal from 2035 to 2045. o - - 5
Considering the development of carbon Energy consumption for first- %
capture technology, before 2035, the first- generation carture )
. 100 BN s technology s 45
generation capture technology should be "N\
the mainstream while after 2035, the- B ! . .
) 1 "ot nergy consumption for & E
second generation technology should be the 0§ . second-generation capture o 3
mainstream. R { = = = — = _technology-rsrmr - §
N - REARRE ———————
> 2035FpiFREMERASEIMARRARAIX | Cost for first-generation
HERHA, FREXEITIE2035-20455E)510 capturetechnology—_ & ki
S EEHEIE, SAEEKEBTLREN ot
; . N B 00 -generation .
1$'—5Tﬁ%?§7k597ﬁﬁﬁﬁ%, 2035F IR LASK capture technology '
A —BERANZEEXBIHSUSHAE,

20355 fa M LASK R — AU S R ARROFTEE K EE
méﬁjgio Levelised additional electricity costs for coal-fired power units suitable for
retrofitting IE A BCEERIMAIE & BB BV JI7/K AL MY Nk A
Notes: the first-generation capture technology are ready to be used on a large scale. The second-generation capture
technology's energy consumption and cost will decrease to more than 30% compared to the first-generation.
it F—REERAIENMREEH TAMETS BRI, MRERIG. EEESMNR, SRR ERA NG AT LU pEENFE—X
RARFEEI0%LALRIFTIAR, dIFBRS BRI, FEREURASE, 8



(4) Carbon storage in China ®xEFHAINIA

The potential for CO, storage in China is about 1.21-4.13 trillion tons. HREIEEFITFiE1L991.21~4.13 B{ZME,

The potential for CO, storage B}
; "y

> Oil fields: Songliao Basin, Bohai Bay "~ 4
Basin, Ordos Basin and Junggar Basin. _a? / e
CO,-EOR, 5.1 billion tons. ,..ﬁ“" 7%

> EHEIE: MNTEM, STR, RS
Higith, (ISR, co2-EOR, 51{ZMHE, P gl il g oo —

» Gas fields: Ordos Basin, Sichuan Basin, © f e L& * Qllfieigs
Bohai Bay Basin and Tarim Basin. | R AR S
Depleted gas fields: 15.3 billion tons; | (. “f“ 3
CO,-EGR: 9 billion tons. T AL S e

> RIASKLE: spRZSHmERM, M)z, 32 |

BSRMIEEARI, SHIBMXASH:
153{Z1%i; CO2-EOR, 902N,

Deep saline aquifer storage sites

0 500 1000  1500km - 2@ "
L 1 1 ] I ¢

Ref: Roadmap for Carbon Capture and Storage Demonstration and The potential for COZ storage in China
Deployment.



(4) Carbon storage in China &I

EARIR

The potential for CO, storage in China is about 1.21-4.13 trillion tons.

The potential for CO, storage

> Deep saline aquifer: 2420 billion tons.
Songliao Basin: 694.5 billion tons;
Tarim Basin: 552.8 billion tons;
Bohai Bay Basin: 490.6 billion tons;
Subei Basin: 435.7 billion tons;
Ordos Basin: 335.6 billion tons.

> FERMKESE: 24200120,
AT : 6945(Z0E;
IZE AR : 5528(Z0E;
S aith: 4906{Z0E;
it : 4357{Z0E;
Ep/RSHRERM: 3356(Z0E,

Ref: Roadmap for Carbon Capture and Storage Demonstration and

Deployment.
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The potential for CO, storage in China



(5) Retrofitting coal-fired power stations with CCUS (EEBH4HAIccusHiE

Suitability Criteria for Power Plants
B SRR
( m Proximity to CO, storage site < | i
800km; oot -
m IEE —SiRiEEF S < 800 E ; iy =y
B Unit age < 40 years; kN g _—
m {EFEFPR < 40%F |
m Unit size > 600 MW, or the total R\ BN
amount of capturable CO, > 10 , -
Mt/year and annual operating hours > ;i gjljfbﬁ“fi‘r\ .
4000. <300 MW
mBTRE > 00JkF, ARSI N v
REE 2 108 L/ FEHFIZITIE 2 A 1500-3000MW - AR ) .
4000, A >300 MW ' ="t I
\ } ]5°E 90°F = 959 100°E 105°E 110°E N 115°E 20T 12%: =

Distribution of coal power plants with suitability results

Source: Decarbonizing the Coal-Fired Power Sector in China via Carbon Capture, Geological Utilization, and Storage Technology 11



(5) Retrofitting coal-fired power stations with CCUS EE#14BRIccuspyE

B At least 613 GW or 508 plants (73% of total
installed capacity or 63% of total coal plants)
appear suitable for CCUS retrofits. The total CO,
emission is about 2.2 Gt/year.

B EVHe13FIEREkS08ER (HEERIINBSE
R973%k BB RY63%) ESiH{THIHIRFIA
5#1%F (ccus) BIBLE. S| ICmHEMLS
5 22{Z 1,

B Almost all selected coal power plants with one
or more generating units of more than 600 MW
capacity were built between 2005 and 2015.
These plants still have many decades of
expected operational life.

B LERBEE— 1T HS/BERBIZ600JkRA<B
BRI &R F 2005 FE 20155 2 (),
XL B ERTRHIEE .

Unsmlw i
A Suitable Plants \HM\
<300 MW /

4300 - 600 MW '

A 600-1500 MW

A 1500 - 3000 MW g
A > 3000 MW ' / aE

1] SO0 1,000 Sonth €gina Sea Iland
L 5 o si0 a0

FoU-N

HO0°N

H5°N

]5°E 90°F 959 100°E 105°E 110°E 115°E 120°F 125°E

Distribution of coal power plants with suitability results

Source: Decarbonizing the Coal-Fired Power Sector in China via Carbon Capture, Geological Utilization, and Storage Technology

12



(5) Retrofitting coal-fired power stations with CCUS EE#14BRIccuspyE

B Retrofitting CCUS to the existing coal fleet would increase the LCOEs by an average of 24.1-37.2 USD/MWh for the

entire fleet with between 50% and 85% net mitigation rates.

ISHRFIASEE (ccus) pEETIMBRYIRIER T ISEENME B DEF=REA (LCOEs) 18I, rFRHEERTE
50%2E85% 2 [AIRYER J£1918N24.1-37.25E5T/Jk RAY.

i - IS UM N
120.0 B
A
100.0 = -
A
80.0
e MO°N
= 60.0
2
A 40.0 359N
n
=
8 20.0 0N
2 00
— o5
(20.0) ¥eLACOE 211)0.'\0 e i ot ')<6r99 a mnn\,nm!)o 0= 0 HEDOINE o
. Zi WL Wy wy VV ll.ll AT Al ll\JL 111u.15u lUll 1“1-\/ arnu U IKIOTT \U JIITIVET T IO i 20 USD”M“’h
A LACOE with 50% net mitigation rate and 800 km (USD/MW h) 4 20-30 USDMWh
(40.0) 16 LACOE with85% net mitigation rate and 25 ) | [4-30-fouienidit s
wi o net mitigation rate an ) P Py
(60.0) 4 LACOE with| 85% net mitigation rate and 80 km (USD/MWh) A Stranded Plants
3 0 500 1,000 ma Sea Islandd soN
Cumulative Installed CapaCity (GW) 85°E 9 = 9svE 100eE 103°E O T15E 120°E 125°E ‘

Source: Decarbonizing the Coal-Fired Power Sector in China via Carbon Capture, Geological Utilization, and Storage Technology
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(1) Technologies included in PtX PtXFRAJHEAR

Most of the PtX technologies are based on power-to-hydrogen, except for power-to-

cool and power-to-heat.

Main technologies of PtX

Name Advantages Limitation
Power to Cool (P2C) clean, convenient )
e imin. 87

e low energy efficiency in a
convénient’ comp'IEte cycle, higl;l cost

' N 9% X353
low energy efficiency in a
complete cycle, high cost
E—IRSSEIEIRR, BRI,

Power to Heat (P2H)
FREEHR

Power to Gas (P2G)
RS

clean, flexible

vk =3y
iBia. Rl

97 X35
Power to Liquid (P2L) or :
Power to Fuels (P2F) C:Legin h'gﬁ%igﬁ
FRAEEk AR ek hatla =
Power to Chemicals (P2C) pan high cost
or Power to Products (P2P) e gus_é._
FRE(CF eSS m e .
Power to Power (P2P) long storage time high cost, low efficiency
FRIEE KEHIEE BAS, BEBUE

Technologies
air conditioners
heat pumps, electric

boiler, electric heater
IR, BIRIP. FBIESE

electrolysers

FRRFIE

electrolysers,
synthesis
B, SR

electrolysers,
synthesis
B, SR
fuel cells

RS, HIEERLN, KEFPuIRAEBEETHIES.

Stage
commecial application
rdL Rz
initial stage of commecial

application
N R#IRRER

demonstration & initial stage

of commercial application
eI R FYIYRR T ER

demonstration
e

demonstration
e

demonstration
e

Source: Research on P2X Technology Progress and its Participation in Power System Operation Optimization Simulation



(2) Hydrogen production and consumption in China FREISEEAIF~=iH

The current hydrogen production is fossil-fuel based (coal, natural gas and industrial by-product). The
largest share of hydrogen demand is from the chemicals sector for the production of ammonia (10.8 million
tons/year, 32.3%) and methanol (9.1 million tons/year, 27.2%).

BalMSSEFEEXIGCARE (Ex. XRASHTNTILEI~R) . SSERNRXGERBAITW, BF
RRIEF= (5108070, 532.3%) FNEREERIAEF= (BEFI10RME, §27.2%) .

3500  Unit:
BZOJ:TIFI! KRS E®T
Coal Refining & Coal
S, 2124FM EUHEREHE Chemical Industry
2634 71FE .
Natural 10805 @ == Ammonia
gas

2500
2000

1500

AR = i Transportatlon
~5oEH REHE Other pure

s1nﬁllu B Methanol

3000 X 107 €
KRS, 450751!!;
FEAEINFIS — ]

=0
Electrolysis

1000

500

0
Tivgls | 708T3ME

Coal 5@?&0‘1““ By-product mﬁlﬂjl H (eg )
| [ = m I '
ﬁﬂﬁNa ﬁﬁr_a" JQsas ol Efkﬁro ysis Other mixed
The supply structure of hydrogen in China The hydrogen flow diagram in China

Ref: China hydrogen energy and fuel cell industry development report 2020.
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(3) Scale of power-to-hydrogen in China FA

5|l S RIS

The production of hydrogen in 2019 is 33.42 million tons, around 1/3 of the world's total

(115 million tons).

B Now: 161 projects are
planned, 12 are in
operation, 22 under
construction, 23100 tons
per year. it¥li61/RE, 12
MEZE, 21M1i8, B85
231000,

® 2030: 7.7 million tons
per year, 100GW
electrolysers. 770/50%/4E,
100GWEBHRFE,

m 2060: 75-100 million

tons per year.f5£0.75-1{Z4. |

Ratio of nonfossil fuel in
total energy consumption

80%

60%

40%

20%

0%

2020

2025

During 2030-2060, green hydrogen
accumulated installed capacity grows by

2030 with 100 GW,
25% nonfossil fuel

in energy consumption.

2030

2035

5%-10% annually.

2040

2045

20196F, REINSSF=EH3342R0, LHLIKE~E (1.15(21F) BH=H2Z2—.

Green Hydrogen
—

2060 with 500 GW to 750 GW, 75 million to 100
million tons of green hydrogen. Over 75% of
hydrogen supply is green hydrogen. 25% of
energy consumption is nonfossil fuel.

800

600

400

200

2050 2055 2060

Development of renewable hydrogen capacity under 100 GW scenarios

Source: Opening China s Green Hydrogen New Era: A 2030 Renewable Hydrogen 100 GW Roadmap

(MD) Aypeded
pajjelsul Jezhjolyde)]
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(4) Technical iusses and cost of power-to-hydrogen in China HEIFBHISAY
AR A 2

——“m

Efficiency (kWh/Nm;) BEZH 3.04.0 4.5-5.5
Single electrolyser (Nm3/h) ) )
Py 1400 200
Stage RiFAES Commercial Application Initial Stage of Commercialization Demonstration R&D
’ Green Hydrern PrOdUCtIon ‘ % B H:from offshore wind ! Hzfrom onshore wind B H:fromsolarPV

B The proton exchange membrane and catalyst -
(platinum, iridium) are highly dependent on import. [&F
SRR (30, %) SEMEHEO,

B As the scale of electrolyzers expands to 100 GW, the

25 <1GW
Green hydrogen
costs > traditional

20 Ay

~750 GW

Green hydrogen
costs <traditional in
multiple sectors

100GW
Going for green
i, hydrogen

investment cost of ALK electrolyzers in China will
decrease from 2000 RMB/kW in 2020 to 1500 RMB/kW in

15 Coal gasification + CCS e

Hz production cost (RMB/kg)

10 __ Coal gasification

2030. FEESHARBIETAE100 6w, HEIRIALKEEERIES ’ == )

ERAIEM 20208 A5 F EL20007CHEEEI2030(E AU F L s

1500775, i | i

. The average tOtaI COSt Of green hydrogen Wi” drop to 2020 2025 2030 2035 2040 2045 2050 2055 2060
\13 RMB/kg. FBSSHIFASHEFIETIHEESTRIZT. Production cost of green hydrogen

Source: Opening China s Green Hydrogen New Era: A 2030 Renewable Hydrogen 100 GW Roadmap



(5) Industrial application of power-to-hydrogen in China FREBFISHEA

ATV

Green hydrogen projects are beccoming more and more common. However, hydrogen producers are

reluctant to interact with the power grid. FFINEHFHE

(— Representative Projects j

B Ningxia: National demonstration project for
H, produced through elecytrolysis powered by
solar energy, largest in the world, 200 MW PV
+ 30000 Nm3/h eletrolysers, H, used for
chemical synthesis.

m FH: BidAHsEREFHSNERTERE,
=R ERANIRE, 825200 MWFEALBH
30000 Nm*/hRIEBRRE, EFHSSBFHES

B Xinjiang: Kucha project, will build 300 MW
PV station (618 GWh of electricity) and 52000
Nm3/h of electrolysers, H, used for refining.

W #EE: FEFINE, 18§2i%300 MWHARBEL (&
FE9618 GWh) #152000 Nm3/hBYEBEFIE, FBTF

\ ERZERRNSSES. )

W, AmSinSHBNENRD.

Northeast base: wind
power, biomass hydrogen
production + pipeline
mixing

Inner Mongolia base:
wind and solar based
hydrogen production +
.chemical industry

Q

Xinjiang base: wind
and solar based

hydrogen production
+ new power system

Wl

North China base: wind
power based hydrogen +
transportation + steel

Ningdong base: PV
hydrogen + chemical
industry

East China base: wind
power based hydrogen +
transportation + trade

Sichuan base: hydro based
hydrogen + ammonia synthesis +
shipping

Fuel cell vehicle demonstration city cluster
» Yangtze River Transport supply chain
4= (Coastal transport and maritime trade supply chain
% Northern rail and pipeline supply chain

South China base: wind
power based hydrogen +
transportation + trade

Source: Opening China s Green Hydrogen New Era: A 2030 Renewable Hydrogen 100 GW Roadmap
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(6) Hydrogen and the power grid

SREFNFERIEIXFR

» Reducing VRE curtailment [#EFMFHE
> Long-term energy storage {<EJHAfiEqEE

Hydrogen storage, hydrogen-fueled gas
turbines and fuel cells can realize long-term
energy storage.

ESEAMS AR, (RIEFTBERIEM
THEREREBHEEE,
> Providing grid-balancing services via

electrolysers JOEBRUIR(LiIFIE. EIRF5BENIRSS

» Transporting renewable power over long
distances as H, 1B EERELASHESTMA
CEfiELE
Little investment is needed to adapt natural

gas infrastructure to transport hydrogen.
FMFEFRERRIELENHS, FBRXASEERS

SEEHITHE, FFEBMNINEFEERIEN.

Ref: Comparison of Different Coupling Modes between the
Power System and the Hydrogen System Based on a Power—
Hydrogen Coordinated Planning Optimization Model

PV @fﬁ‘ \ ‘
)__ lil |:)t 11 |
Wind power l | ~ a m ﬁ 1
Hydro WA RR———
pgwrec: '“I,M X eg;.i
Electro—

o
jﬂﬁi

Electricity users

UHV power
transmission lines

+ -
0, H,

Electrolysers

id

Hydrogen storage

chemical

energy

storage
%

Power

iF

Hydrogen

turbines <G¢A Hydrogen users

— Different Power-hydrogen Coupling Modes )

B power-hydrogen coupling at the load side SiHFEBESIES
B power-hydrogen coupling at the source side [FiGEESiES

for power transmission §giER
for hydrogen transport iS5

for local usage FiithFIFH
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Thank you!
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