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China Net Zero

Story in numbers
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China’s pledge to achieve net zero carbon by 2060 represents two-thirds of the c.48%
of global emissions from countries that have pledged net zero...

...as the country accounts for c.30% of global CO, emissions (2019), and c.64% of the
increase in global CO, emissions since 2000...

...despite a substantial reduction of c.40% in the CO, intensity of its economic output
(CO, emissions per GDP) since 2000.

China's net zero path leads, on our estimates, to a USS16 tn clean tech infrastructure
investment opportunity by 2060 and c.40 mn net new jobs.

Renewable power is the most important technology, potentially aiding the de-
carbonization of ¢.50% of Chinese CO, emissions...

..and we expect China’'s power generation to triple to 2060, driven mostly by solar,
wind, nuclear and hydro generation.

Electrification transforms road transportation, with almost 100% penetration of new
energy vehicles (NEVs) by 2060 requiring a > USS1 tn investment opportunity in
charging infrastructure...

...and a c.15% rise in annual copper demand, with notable increases in aluminium,
lithium and nickel too.

Clean hydrogen drives c. 20% of the de-carbonization, mostly in industry, heating and
long-haul transport...

..and we estimate that the market for hydrogen could increase 7x by 2060, from c.25
Mtpa to c.170 Mtpa.

Carbon capture is another critical technology with a wide range of industrial
applications, critical to decarbonize c.15% of the country’s emissions.

Net international trade contributes c.13% of China’s CO, emissions through net
exports (and c.20% for gross exports)...

..whose competitiveness could be affected by a border adjustment of carbon taxes
that could cost China up to US$240 bn pa for a carbon tax of US$100/tnCO2 applied to
the entire carbon footprint of gross exported emissions...

...highlighting the importance of a clear de-carbonization strategy and the
implementation of carbon pricing schemes, with China’s upcoming national ETS
expected to be the largest globally and bring the total share of global GHG emissions
covered by carbon schemes to c.23%.
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CHINA NET ZERO Corporate Ecosystem
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POWER
GENERATION

Renewable power utilities & nuclear
Renewable

Longyuan power [0916.HK]
Datang Renewable [1798.HK]
Xinyi Energy [3868.HK]
Zhejiang Chint [601877.SS]
Nuclear

CGN power [003816.SZ]

China National Nuclear Power
[601985.SS]

Utility-scale batteries and
electrolyzer manufacturers

Yunnan Energy [002812.57]
Putailai [603659.SS]

Senior Tech [300568.57]
Sungrow [300274.S7]
Zhejiang Narada Power
Source Co Ltd [300068.57]

Wind turbines and supply chain
Wind turbines

Goldwind [002202.SZ; 2208.HK]
Mingyang Smart Energy [601615.SS]
Turbine parts

Sinoma Science&Tech [002080.57],
Titan Wind Energy [002531.57]
Jinlei Wind [300443.SZ]

Riyue Heavy Industry [603218.SS]

Solar panels and supply chain

Solar panels: Equipment:
Longi [601012.SS]

Jinko Solar [JKS] [300724.57]

Shenzhen SC

INDUSTRY &
WASTE

Metal miners
(lithium, nickel, copper)
Ganfeng Lithium
[1772.HK/002460.SZ]
MMG [1208.HK]
Jiangxi Copper
[0358.HK/600362.SS]
Zijin
[2899.HK/601899.SS]
Hydrogen production
distribution &
transmission
Sinopec [0386.HK,
600028.SS, SNP]
PetroChina [0857.HK,
601857.SS, PTR]
CNOOC [0883.HK,
CEQ]

JA Solar [002459.S7]
Trina Solar [688599.SS]
Solar poly/wafer/cell
Daqo [DQ]

Tongwei [600438.SS]
GCL-poly [3800.HK]
Xinte [1799.HK]
Longi [601012.SS]
Aiko Solar
[600732.SS]
Zhonghuan
[002129.57]

Maxwell [300751.SZ]
Zhejiang Jingsheng
[300316.57]

Solar glass/inverter
Xinyi Solar [0968.HK]
Flat Glass
[6865.HK/601865.SS]
Sungrow [300274.57]
Ginlong [300763.57]
Goodwe [688390.SS]

TRANSPORT

Electric vehicle
manufacturers

NIO Inc. [NIO]

Li Auto Inc. [LI]

BYD CO. [002594.57,
1211.HK]

Guangzhou Auto Group
[2238.HK, 601238.SS]
Great Wall Motor Co.
[601633.SS, 2333.HK]
BAIC Motor Co. [1958.HK]

EV battery manufacturers
CATL [300750.57]

BUILDINGS &
AGRICULTURE

Heat pumps,
boilers & efficiency
Sanhua Intelligent
Control [002050.S7]
Wasion Group
[3393.HK]

Sinocera Functional
Material [300285.S7]

Agriculture & natural
sinks

Xinghuan Forestry
Development Company

BYD CO. [002594.SZ, 1211.HK] (private)

EVE Energy Co [300014.57]
Shanghai Putailai New
Energy Co Ltd [603659.S7]
Lead Intelligent [300450.57]
Fuel cell manufacturers

Weichai Power [300750.S7]
SinoHytec Co [688339.57]

Biofuel producers

Cofco Biotechnology Co Ltd
[000930.57]

Shandong Longlive Bio-
technology [002604.57]
Sinopec [0386.HK,
600028.SS;,SNP]

PetroChina [0857.HK,
601857.SS, PTRI

Guangxi Longlin
Forestry Development
Company (private)
Hesheng Forest
Silviculture (private)

Longyan Zhuoyue [688196.SS]

Charging/refueling
infrastructure

Qingdao Teld New Energy
[300001.S7]

SAIC AnYo Charging
[600104.SS]

Shanghai Potevio
[600680.SS]

State Grid [600131.SS]
Star Charge

EV Power

Jiangsu YKC New Energy
Technology

*We note that the corporate ecosystem presented above is not exhaustive
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KEENEEATHROTIIAER, WiX—SHEEE61%. ERTRMSREERE
ST, PENBRERAR (2019F SRR EEH GEE30%) URIFENAEFY K
(R ETE20005F LR £ BRI AR R S LEL964%) < H B THHRBURE T OO0 —
1R, MEKNT &HRREEN - MERERE, SATEBEREREANRAFKE,
B E20F FEEL MK B CDPH MBI T £940%, BHEHEEESIRERELT
WwXERUERS ((ETRE) , KATHFEEEERBAMNFIRIZIAER (B
£ (FARRBRBI) FHEE) UK “+=F" AXBEEBZE2020F #9 B Hro

EXPARHAR, TEFTESHHBTFOREE N, EIHLFNERESRENEL,
hEEREEREEMEE, TMEEAEER, MERETIMARSHEEZRFTE,
20194, FES0% U EMBRHEARE TMAHMITIL: KB, TUWMTUHE (FE&E
AERRHERNS — N EELFXKRE, X— XA NE5%) » XLEHEERYTHEN
EZM (ANERXTRE, SHAZFFIMEARLLAN T HR) , ZREDEAVEE
REMBEERNERNPAARARNREEREREZ —. RINFTRKDERRS
B EIEBERRED. BESRENREE.
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BHIKIRE: European Commission Joint Research Centre (JRC). Emission BUBIRIR: European Commission Joint Research Centre (JRC). Emission
Database for Global Atmospheric Research (EDGAR) release version 5.0, 55% Database for Global Atmospheric Research (EDGAR) release version 5.0, & 5%
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LIRIRARRE

PERAFERAMEHRE DT LS EETS, ALaBEERERE. BSEAEM
IEERARBENEKX

EEXRBHAGEE 2 #1R%E “Carbonomics: Innovation. Deflation and Affordable
De-carbonization” #, EAl%® T £IRBORHEEK AL, EAXH, BT LE TH
EM AL, REPEMEEERERTLRRESEBHERARN100Z N T E
A, MAFFRAHLEE T B R2FAMRENERER, ETFZEIEAREAMR
BNARRTHHEIRAR. R, BESWEARNWNAEET K. FERRN TR A
AT, ERANX—HABEERITENN. BN TEIETREEEH
AT E P PBRERFEEAR (TERREFRNEAR) N EAT L RENREEFRAR (77
BRI FEEHRRREI EAR) , XETLERELAH. Tl (BFEIVEEREMRRE
HR) MITHEE., K@, ZBRARL, BT, PEKIDS50%HAIENERES
PR BES LB F2,2001Z E TR AR HEE, 9B AN N 32E T/, BN gk < 1RR
ThE, LHEBW75%MREAZE, EHARAMTARAT, T2inEELREF
1.8712E . MAMEZRENEY, BEEAKBNSHABEEF, SRR EZH
BEMHR, BRAVH. BRBL. EESSBEEOACCONERRTEEEEE U,

FEE SRS O0NERES, RiREENE—%E (BABLERREN, ERAHL
ERRBIBDES THETIW) AZSEEBERRESRERARER, ZRGEETUT
MU EXBHXEEA: (a) IBERREN: BRI AE “RARAREE" gkt
GIEES, BEXEHEIS% U ENARFHRESEHFREER, EHRRBAXNTEES
B ( "ZE" ) EFEXEE. (b) FESR: KERREFNTELRR, EBXEE
SN BERFERS, F AR BAEERAMNTLRIARR, ESNTLRE (&
BRENFHT) . KEEEMBREESNERAEEEEA. () BHERET: ERXE
ERESAMTUIAREREREFIHAEEREM. d) RESERKR: NTEEREE
( "B®" ) WEFEXER, BB HEMIIEARZA T ERAR Tk 71Tk
(Blanoxse) RIMBLEE
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Bk 21: PERRRARA#HL T D, E2IHTEE BRASNRENS
HENAENRESEHFRBER A AL, ETHRAMERHE, RIFRAELIMRES™E
MIERRL
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China carbon abatement cost (US$/tnCO2eq)

China GHG emissions abatement potential (Gt CO2eq)

m Power generation (coal switch to gas & renewables) m Transport (road, aviation, shipping)
Industry (industrial combustion, process emissions, waste) m Buildings (residential & commercial)

m Agriculture, forestry & other land uses (AFOLU) Emissions reliant on other carbon sequestration (natural sinks, DACCS)

FRRR: BRERRATAY

Bt ESSI2SHRARMNBEERRL: 16HZETERRRE, 4,00071N8FIET
YERI {2
BINETmEFFHAME, 26T PEEI2060FKMmHH (1% T2030F 5NHAE|I#
B) WEERRE, STEERNKBZFERE—3. FEIZNE, XRARHETIHR
AN SMERERE 2 —o SHEMBERAAMEMAL, X—BREMABT S B IA KBk
BR (BRIRBRARERIMREBTENENL) , AREEBTEAUFTMARER. &
NI TESFTRBLRE T PENSMHBRITIL: KB, XEEH. Tik. BRNR
A (RAIA T BAVEBARREAR) o RBIHE, EI2HHRRESEWRE 22060
FIA ARG EHEL5%; EzmAHE, EIMMRIREI2060FHeERE (BIFMAS
H%E, BENBSI I ENRBBME) BERKEE100%; TG, EIMNMTATHR
RREENEERRA. BEREMESUURRHIENESER L, BHREFNERE
A, BRAE, BRIOIMRRCAREHEEREEERE. BEUUARMENRERA, &
B, WFRLGUE, BNRIRLEEREETHEIREHD,

BAATMES, RMNMITRI2060F M E/K "G ERERENSN16A{ZER: HPoR
ZETEREABETE, TUUSHEERE D, AEFREMMENEENERAR; 127
ZETTEBROFEERERBZHEMIZE, Y1 2FZETERAEREE (BRBEMNEAR
W) ; 26 IZETBRAXEBZARS. T AMEESENSEEEM &K, MENE
& “Carbonomics: The green engine of economic recovery” AF ik, &5EALREM IR
BN EAREENT N NZEEES TEAALARBERT X, FHLtEBLUEREN
FFEFRLYS, BEEZERTERRARE, KARERK. RABHIKIIER. HIIM
it, REZRI2060F KI8T AN Z BB EERTE W AIEH 4,000 7 Nk K10z, K
MNEBXTTEAMENE EWEERLEM (FRAVEX— 2P REREZERERS R
M) o RMTHANITERLUNSETERFEAFEERESRSEL R, UATHERER
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RBIFENE, HRXRENMBSUEMIRHETIL, FRARMMI, MERSB, Fb
RN TRETIE BB K ERK. FEEBNE, RIONEX—2PERBFIL
BIEETIEUANE, XEHFERBERT RRKNTT N DBRLEN LRGEH B3 LE
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Bk 22: AT EE2060F KA THABN ERREE

16 IZETERBRANS...

1 E 22060 F KA TR BFREN BT LRITRANS
(FiZ%5)
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16 m—

14 |
2 m @ T B
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China by 2060 (US$ tn)
>

2N pe|e
ofofl~N]|©

Hydro & other RES

Offshore wind
Onshore wind

Cumulative investments to net zero

Solar

Renewable Nuclear  Power  Energy Transport Biofuels Hydrogen Industrial Hydrogen CCUS ~ Natural ~ China

power power networks storage  EV + plants processes pipeline sinks et zero
(batteries) FCEV (SMR+ infrastructure 2060
infrastructure electrolyzer) Total

investments

B3R 23: .. . ZE2060FEFZ (T A B EAE E1T494,000 7wk

51z

FRE 220605 5% TR HEK B AR B0 A 2 TR K 1
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" 51
" mE e = W
20 —] |
Operation & maintenance

(0&M)
Construction, installation &
manufacturing (CMI)

China net zero
(mn)
o o
iE 8

Net job creation to 2060 on the path to
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RERSRER: SEBANAEFENEOZES D
ARZETE-—SMEREFRES SY13% (EHOMNSHAR20%) , HOAFXS DA
AR EETERAEBHRN - MERERE R, ERERENERIRSHESESRIN
1858, BREEAREERRA MR FNTRIEMEFESEEOANTSE L. AR BRES, &
MNEAES NP EE ORERZIRATREEZRYL, UARNFEHOZTSFONZE, &
IEMR20195F 88E, RIRV20%MHMRE TEHA, EL2HEHE N KL EETHR
BmBRE (R100E£T/Makhix) WREHELT, STERSKELONEREXE
AR RER AT H2,40012% T, X—AMERINEEFENKBELOANLEAERESER
M, BN ERRERE T REFRDRIET RGN BIEE, FNEBEREEEY
1003 7T/ — SE A BV AREL, U P E B S O KR ERTE Wi SR B T B AT S| R IR AR B & ik
BEI50{ZETT. WRNETHAREREA M fm #VH R E Z SRS, MRARNEERE
Kb =B FHN150{2% 7T,

N7 IHERE K EFOOR R T RAEESE, RIUFPERKENReE D AGIRTS
o MBCEXINEH OME~ETRRENSN, EABRRTRESF NG~ RSHOR
FEMNSKTROREREEER. EURESF-F (BF-BOF) TZ T WikHHEE
(A —E i Y 2/MNE) ERNHBIPES NG RONRHREE, HFE5RAS
DRI-EAF (BE#EXFE-BIIN, XABMMEE) TZ T HRREF M mm iy 195 EEm
BE (1AM Sl 2/MNeL) MR, BRITURETHREMGEE N E RS RN
mE ORISR, FRER, ETHREMEEZRITE, 100%E /M S4B
SEFENSGT R E ORRAIEINA1003E T/MN%k. RE, MRERMRBEFNZ BN~
RARB T 2 ZHRHERE B, NXASDRI-EAF L Z Bl HE R GR E % 1 0.6M = 58 4k B/ X
B, BWREFES DN RINIEE EF150E T/, BIRINEMIE 5003 /M, N
X — & AR IE AR 2 T P BN R O YRR £ A £930%.

E&R 24: HEFE O RN S B FEEEREREE B3k 25: . 2HSEE RN T EEL A @R E i R

B13% ... BB (100Z7/M=FAh) 5| RMARARA2 400122
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Annual production-based CO2 emissions
Annual consumption-based CO2 emissions

0%

Cost of China's total gross global
exported emissions (US$ bn)

o

0% 20% 40% 60% 80% 100%
Carbon intensity difference of China's exports with other country's local
products (%)

== Net exported CO2 emissions

Net exported CO2 emissions (%) - RHS

Carbon price - $25/tnCO2 Carbon price - $50/tnCO2
Carbon price - $75/tnCO2 Carbon price - $100/tnC0O2

BRISKIR: Our World in Data
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FRRR: SRERBEMEIH

A EBAT A AYRR T B A M A R R B HE 3 o £9 — 9B HE IR 2 SR LA B
BRAERIFERARN-—MERENEER. RIMEE, PEIMARERESEHF
HERRNLA50% GBI FEREER ORI, BRETBEHASNBESL. EFEER
BER M T RENSBSA, BAITITEI20605F F E S A THA ML D EFRA
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(RR%EHE. XNB., KOKEMNEYREE) RXBHEBRNEBEDDHEESHFHEN
RRAGKETE, MZRBBAEXE. EENAENER. ST HATREIRLF
LA EERRENBRS LB RPER, EX—RAREHRERKRZ LBREERAERNE
g (M) ZXEFEE, ARBIMNANCEFEXBERSUGNERER. S4m
=, BEEXUATHHN, PENEREMINEITNERESRZRAZTEELERNRE: &
IMEE, HETLN32%MIELK ABER A B SERE2030FFERET50%, ZI2040FFEL
F470%, 22050F/2060F EEBII85%/95%. X—EEX T HELBAZNEDM
BAEAAEE, ANEFBENRKES%NALEERBRELSE, E2E-SMBRHRK
2R E40%. KBERIMZABEREZ=(F, FEHZULBIHEAERS|IDPKEEIKR
FMRRIELR, RFEENBEIMEFERTFERSE (TIHEEMFEEREE) HITEME
M, AUEEMIBEBEEZHZH TRANBMETHERNITBERERABMABRR

5o

Bk 26: FEASENRESHRERIRAI50%L A% 8 Bk 27:  AEXNATRERNIES, FEUVBLERRED

ERBERDRKEH...

AIB SRS 4588 D B SRRV N

REMASSENRESEHRERE AL, EPEeRRKE FE20605F 5 ZHHE K B 45 T 2019-2060F X B 2 B /R(TWh)

IRELAT B A REIREE DR AR

1,200 4

> 30,000
5 1100 4 £
3 1,000 i
8 900 3 25,000 e —
£ 800 ° g —
s 700 - £8 20000
7 NE
S 600 - 25 |
3 500 S % 15,000
8 400 | £5
2 300 g2
g 200 g 8 10,000
K] 100 | - —
3 0 g ami ) £ 5000
© =
T 00 ] 5 |.
£ 200 0
S 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 China  Coal, Solar Wind Hydro Other Nuclear H2CCGT Coal + China net
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= De-carbonization technologies relying on access to renewable energy (2019) relire?vl:enls Qe&%':é')‘)"

Other de-carbonization technologies

BRRR: SEREMBAARE
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BRISKIR: BP Statistical Review, & 82 IRIZRIFREB

Tik: JBESEE. CCUS (Bndlsk. AASHRE) . ME, BHRLFMESAR

BERART WA ZEE T EM

BRI T REFERESHAHERP SEEHEKR (£948%) BTk, ZSUF50% A B HERCR
BETEITL (BENEeeRek. KEZFEEET Y. ©I) . BITANETREREA
B PE T ERAMENRNEIRNAE: EES6E. IkifE(CCUS). BSAMEHR
K% HAZ, SRETESTUREPHAEEEEEA, BRENSKGLERERER. £
N—EFEHTEINEMER. URESENRIZREFRAI—MEETERIER. &
MEE, BESEEX P ERRED20% 0578, BETZABEEM2019FML25 Mt
BE6E, EEMNFERBSMRITTHLYEFE170 Mte HRIEE(CCUS) b1 F E T b fiifi it
BrRESZEEA, PEMNILCCUSNATERSRENEAME, FESHENINR L
Tb g — B EE R AT (FIACREFMIMTT L) BHREREBRFEZ D,
BAMEE, PEASSENRESEHRI5%EA B IRIEESIRE. BEEN—IN
FERBR, TUUBRIILRFBABERENSEM,;, FERZ I BRFLETR

H, REENUEL MIZREMEH ST,
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B3R 28: B E Tl Sus B HE R AI50% A ESRB FTET ...
FE TSR ESEH RO KRB, 20195 (%)

\

.

= Ferrous metals (iron & steel alloys)
Non-ferrous metals (ie. aluminium, copper, zinc)
Non-metallic minerals (cement, clay, lime)

= Chemicals (ammonia, methanol, HVCs plastics)

= Other unclassified (includes manufacturing and waste)

Ek 29: . LIEESRE. CCUS. R, MEMBEHRELTFTH

BB B R
PESTW. TUSREMHFREXGRESEFER (Mt =Sk
H8)

8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

MtCOZeq

China GHG emissions associated
with industry & industrial waste -

OGS path to net zero for industry Ccus

= Bioenergy Hydrogen process

= Electrification of heat m Efficiency & circular economy
B Other (alternative process materials)

BWRIKIR: Energy Transitions Commission, BX&ERIA LR, EFREERE, S

SHIRARRE

KB

BRIRIR: European Commission Joint Research Centre (JRC). Emission
Database for Global Atmospheric Research (EDGAR) release version 5.0, Bx&
ERRER, SRR EMRY

MR ESGEM IR T BB IR e TR IR @&

BRATRENE, RBERENCERBREAMLHNSEAXE, ZTLEFERE S
R R S 9%, RTEMEELFXE, BR, BERERTMENEST X, &
NIt BT REERFER, FIENWETHFIRBELEPE, HOEITE

20605 /1 E 1Y BT R BRI

EHEN=1F. FRARINARN—D, RNDHT

RBZRETESZHRERAYPREERE, 2EHRET PERMEEZH,. EXK
BIEH. SR, EAMZNERMEZEI S, N TREPERRBEH (E2BERAE
MhEREE) M5, RIMANBHUREEZNRBEREAR, RIOMEE, TEBEXEEHS

HEFUWEIRT, ZREMRRESEEIITLZETNRENS

o MTRBEFK

W, BANANBEESRERERNIAE, ENREIDEEERR, Eg&%ﬂmimimo

RIEHA 2

VEEHHERERE, F|20305/20405/20505 /2060, FRERFEREMAKLE

MRBEEFNSEREED FIIRFI20%/4ZEIET70%/90% /4L 100%. HATEARIRE R AT

HNEHMEREFERAREETNSER

, MAEHEHETN S, BARIMNMARNRER

E%E%%nﬂﬁﬁiﬁﬁmﬁﬁoME%Eﬁ%ﬁWﬁWZ— BIVANBRIRE, &

%Wﬁ(Tﬁﬁm%WWﬁ BISAF) .

BRREL A TRRRBATG RO RBAMR

o VINEHREBEMNERBRAE, BERNH—RYEAEELBNEDL15%. WP

ﬁ%%é,ﬁMMWEWE

BE. 1B RSAFEEMZRBANERSR. BRERINNPE

ATHHRERE, AT RI2060F, BIE@MIUIAENEREIEL250 7 /K.
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Bk 30: AT FEERE (BEABHEMMRBIBLE) £
EREREREAREENH S LLEEE100%..
RIEPETISERAFRNRE, FEREETEERERRE
EFHEER(%)
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Bk 31: - B EERAENDIER
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qﬂl/%iﬁrﬁFb'&% 2RI RIRERR F WIR AR (2019-60%F)
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Chinaroad ICE net vehicle EV passenger FCEV heavy China road
transport fleet  retirements vehicles short, medlum long-haul trucks passenger fleet
(2019) light trucks (2060)

REER: BREMBEMRD

FERIR: NBSC, BSRERLRRAMER

REFERER EAERFREAEEZER (FUHHEERIER15%)

EMEAVELAET
R @AM EBD T
R, 51~
EAR. KALHIE) .

F)TE A E 22060 F 2 I & B HEM A O E TEREERERA
TS, BRANEEZRRITEEZNTENBARFEAE

’ﬁ:n/%ﬂ/%i/’fi ARXEEENERERARE LXBEUBLERR

BN EM G, FTBEMIZHE.

FEAR (R
B8 3 L= M B St & 55 FUZL Y R £

Jﬁo ?ﬁf%lttﬁﬁﬁ*ﬁﬁﬂﬁ, BN=RHEBADH T T E2060F #ZHA MK A TEMEE
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1§IJ11D B8 3 By A HTE SRAR XS T 425

BB EERBRAREN TESGEARTRNE

SSRIBEITER,
R EBNVRAERNEE, RINWHARANM, FEHN

ARRHRERESFRFREIGRK2.0 Mt, HEEPE2019FEFRIESHN15%; &

2020-2060/9)% B HEH ER W R ITHEERIE S

YIRNTT Mto

Bk 32: ZAFT, PENESHRERERESFERERIEGE
2.0 Mti, ABEERE2019FMERESH15%...
FREE T20605F % Z i HE B irAV TS RE K

B 33 BRREEHEY N LEETRNER CHANE
K

PP EE T 20605 % Fh AR B AR ETE TR (ML)

o 20
25 18 — 0.80
N ]
o« 16 I
S & 14 . g, o
28512 £5 o060
§5¢10 s 9
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29 00 AN
=70 NEVs  Charging Power Solar PV Onshore  Offshore Energy China £ _g- 0.20
(passenger  points networks wind wind storage incremental o
EVs, EV annual ‘:’ 0.10
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FCEVs) demand 0.00
by 2060 Lithium Nickel Cobalt
for net zero
BHRIRIR: IRENA, International Copper Association, &8 £ EKIZAH R ER BRBRR: NRHE, SRR EMRH
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HERERRXZRS(ETS): @REANEEMBRFRXZIHENEE 3
BAVANRENSGRAB P THMBRNRIRER, BEHMHREE AN NEL,
SETEABELR, Ba2RENEHALY P HBRENTIHIHLIT64T, BELII6D
ERRAEZERX, XZEBIRERRIARZET. mENIHE BERAKRBHAE, H
B, FEE2017FER BRI LERFBRNRZER. XEELHRARKEANEEHRAK
RRZ4HZ; B EARBENS (BERE) ITAER, $EH12Gt-ESAR=E, 952
HRESEEHHRERN23%.

2021F1 A58, EDMEIEN TIRHFINZ ZEEBREAUNS, £ERHHE—
NEABEBPE TF2021FE1B1BERBS. 2EBMIARANBELKETIL, BIRESB
FBERENNHEESZ (ETHARBEERLABREAR) SEEM (XFRFTIE) . F
ENERTHEZET XAZ2EMEMTIL (Bin. B&tE. W&, B8, I, Bk
MELR) , HFERALKEAWETZ. ARER, £ERMHHROFLEEKE THRE
TEEERINSRES (W0 EE KRB ) HEATCCERMEZA (MAIHAERER
ZEWME) . FECARESTHEERRMBEER, HMhaJEERRIEZERIEM,
HAGF Bk, FEREBRLA, £ERTZIXNNHEEETESHIEXNHRHINEE, o
A TN EER T ARG, BN SETFRUEEERTIL B aIHEREE. Haix
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Bk 36: £HCTENA R AR ERBERREM, PEHEE2060F KT, TX—
BEH-SHKR, BRIXEERASSRBABEEN48%, BT HERRREE TR+ &
W, WIX—SHEERI61%

ERHFTHRAKITMNER (BFEEE. ERENSUERRNER)

100.0 35%
o
S
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@ 15%
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£
s 0% 8
o (=]
O 0.0 —
o 5% °
2 @ I g
a R l ®©
0.0 Illlﬁﬁ*oooooooz LIRS R R R R R R R R NS e &
c % > @© @ % % C O % Dk K XK X, IS O @ O O Fg T T O OCOCODDEOC ST OO0 Q0T O©OF
S EEC 0TV EYGE=E=0CTTXTcecoce S cEecreases50sSTecvONGS5*™
EE85852858:8558 £c585558863wsg8853522828%
D@ EX §J T80 250w E O<225E£593c38ac-1:8552D25¢8<
€ @ cO L SZ20E5§ csOTRLNplpEB S5S~=" = 328
g 03¢ T ON" A 3 = £3 T ©5
g 6 3 g ) @ 3 @
S “é‘ P4 ©
i = =
Net zero in law or Net zero proposed Under
in proposed net zero legisation in policy document discussion
m CO2 emissions (GtCO2) in 2019 - LHS + Global share of CO2 emissions (%) in 2019 - RHS

* Denotes net zero pledge is in law, ** Others under consideration includes many countries and regions (list not exhaustive)

BRISKIR: Energy & Climate Intelligence Unit, /58 £ 3RIR AR LR

B 37: hEERHHRESE

e 11.3

0 G102
c. 30% (02 emissions 38%

of global in 2019 increase in €02
(02 emissions emissions

n 2019 over the past 10

reduction in (02
emissions per GDP
over the past 10

pa, 1.6x the
global
average

of GHG emissions
from power

generation and

industry

BRERIR: 5 4R1T, European Commission Joint Research Centre (JRC). Emission Database for Global Atmospheric
Research (EDGAR) release version 5.0, & £ HRIZ AR
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ge and de-carbonization related nati

al pledges and targets

Long-term ambition

Pledge or
agreement

(announced 2020)

Paris Agreement

YA
o

L4

(2016, Unconditional targets to 2030)

Copenhagen Accord
(2009, Pledges to 2020)

Targets and pledges details

o

While China has not yet submitted a long-term strategy to the
UNFCCC, President Xi Jinping made China’s NDC
announcement at the United Nations General Assembly,
accompanied by the announcement of the intention to aim to
achieve carbon neutrality before 2060 and peak
emissions before 2030.

On Dec 12, at the Climate Ambition Summit, President Xi
made an important speech titled "Continuing the past and
opening the future to start a new journey in global response to
climate change", announcing that China will raise national
voluntary contributions to fight climate changes to achieve by
2030:

(1) Carbon dioxide emissions per unit of GDP will be reduced
by more than 65% compared to 2005

(2) Non-fossil energy will account for about 25% of primary
energy consumption

(3) Forest storage will increase by 6 billion cubic meters
compared to 2005

(4) Total installed capacity of wind and solar power generation
will reach more than 1,200GW

In September 2016, China ratified the Paris Agreement and
submitted its Nationally Determined Contributions (NDCs) to
the UNFCCC, including:

(1) Peak CO2 emissions by 2030 at the latest

(2) Increase the share of non-fossil energy sources in the
total primary energy supply to around 20% by 2030

(3) Lower the carbon intensity of GDP by 60% to 65%
below 2005 levels by 2030

(4) Increase the forest stock volume by around 4.5 billion
cubic metres, compared to 2005 levels by 2030

The following elements were also listed as measures for
enhanced climate change action:

- Increase the share of natural gas in the total primary energy
supply to around 10% by 2020

- Proposed reductions in the production of HCFC22 (35%
below 2010 levels by 2020 and 67.5% by 2025) and
“controlling” HFC23 production by 2020.

China’s 2020 pledges consists of the following elements:

(1) R ion of CO2 per unit of GDP by
40-45% below 2005 levels by 2020.

(2) Increase the share of non-fossil fuels in primary
energy consumption to around 15% by 2020.

(3) Increase forest coverage by 40 million hectares and
forest stock volume by 1.3 billion cubic metres by 2020
from 2005 levels.

Summary of key energy and climate c|

China primary energy consumption
fuel mix (%)
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0000l rrrrerrevs v N
CO0O0000O00000O00O00O
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Non-fossil fuel share
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CO000O000000000O0O0O
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Tracking progress

poad

ge policies and pledges from Five-Year Plans (FYP)

0% o ——

Copenhagen
Accord:

15% non-fossil

fuel share

0% L

*v

Paris
Agreement
NDCs: 20%

non-fossil
fuel share

*

2030

Fossil fuels share

2030

Paris
Agreement
NDCs: 60-

65% reduction

2019

*

Copenhagen
Accord:
40 mn
hectares

v

Change

11th FYP
(2006-2010)

12th FYP

(2011-2015)

13th FYP
(2016-2020)

14th FYP
(2021-25)

Reduction of 20% in the energy intensity
(energy consumption per unit GDP)

1) Reduction of 17% in the carbon intensity

(emissions per unit GDP) compared to 2010

2) Reduction of 16% in the energy intensity

(energy consumption per unit GDP) compared to 2010

3) 11.4% of non-fossil energy share

4) Forest coverage of 21.7% and forest growing stock to 14.3
bn cubic meters

1) Reduction of 40-45% in the carbon intensity

(compared to 2005 level) - consistent with the Copenhagen
Accord. Therefore reduction of 18% compared to 2015

2) Reduction of 15% in the energy intensity (energy
consumption per unit of GDP) from 2015 levels by 2020

3) 15% of non-fossil energy share

4) Coal power capacity limit at 1,100 GW

5) Forest coverage of 23.04%

FYP outline and 'Vision 2035' expected to be released in
March 2021.

c. 19% reduction in the energy intensity by 2010

1) 20% reduction in carbon intensity achieved by 2015

2) 18.2% reduction in energy intensity achieved by 2015

3) 12% non-fossil energy share achieved by 2015
4) 21.63% forest coverage and 15.1 bn cubic m of forest growing stock

achieved by 2015

1) >40% reduction in carbon intensity achieved in 2019
2) >14% reduction in energy intensity already achieved
3) 15% of non-fossil energy share acheieved in 2019

4) Below coal capacity threshold in 2019
5) 22.96% forest coverage in 2019

BRXRR: BRSITRE, REESETAAELR LAY, tHFRITEHR, NDC Registry, C2ES, EX 42X Z, European Commission Joint Research Centre (JRC). Emission
Database for Global Atmospheric Research (EDGAR) release version 5.0, SE £ RIZAF R
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REMREERAERE, BEMITULAKAET£REMEEXI
FEESR-ESABRIBEESEHRT I S LS B4 7930%HM26%, £2019F £ERAK
HHEBRENE—ER, MEX 9. PEMNHMERARE R TEMEEMNHENZFX
17, PEMHEHREE2000-2010F B EIN T HISBIWINEER, HNEEFELFT VIR
. MEMEZELFENBRERCSELRPER, FEELFER, PENTESALE
WAEMNS T, BRSEREEKEXNSReeRENELEESBTPERR T EANRE
o BAMEE, HEMEEKOBRERE EHL70FRURESREFIEEESEHERDLN L
45%, WMEZEK 40FTR.

Bk 39: BRIFEAE SR - SMBRIBEHEERTH S D 51£4957930%M26%, =T EMNE—E
IR FEMEXE, MAXRFEE EABS
“EWUBRERE (GtCOo2, M) URFXEESR-_EMBEMTSEE (%, AH)

13 35%
e CO2 emissions (GtCO2)  =====Share of global CO2 emissions (%)

11 30%
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13% 15%
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6% 6%
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4% 5 5%
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CO2 emissions by region (GtCO2)
Share of global CO2 emissions (%)
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China United States  Other Asia & Europe India CIs Middle East Africa South & Central North America
Asia Pacific America (ex. US)
(excl. China,

India)

BHIRIR: European Commission Joint Research Centre (JRC). Emission Database for Global Atmospheric Research
(EDGAR) release version 5.0, BB £ IR AR
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BRIKIR: European Commission Joint Research Centre (JRC). Emission
Database for Global Atmospheric Research (EDGAR) release version 5.0, Bt &
ERRALR, SRLRRAFRH

BHIKIR: European Commission Joint Research Centre (JRC). Emission
Database for Global Atmospheric Research (EDGAR) release version 5.0, BX&
ERRER, SRR EMRY

Bk 42: P ERABAITILARERRE, 20195 E80%
ERHBRET RSB T...
20195 | AL BRI AT AL A B %)

50%
45%

40% 40%
o /\/\/\/—/\-
30%

= 25%
20%
ﬁa_.Cii:::;_dv\A/~qv,,_x,_lm

(%

Sectoral split of China's CO2 emissions

o
10%
5% 7%
0%

O N T © 0O NTODONTO©NQNT © ©ONT © ©

ENRENNODODXXDDDDDNO OO0 = = =« —

D 000000000000 0000 0000000 0o

rrrrrrrrrrrrrrr LSO S S SR SR SR SR S

Power Industry Industrial combustion
~—— Other industrial, waste and agriculture Buildings

Transport
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Buildings = Other industrial & waste, agriculture = Industrial combustion = Power generation ® Transport

BRIRIR: European Commission Joint Research Centre (JRC). Emission
Database for Global Atmospheric Research (EDGAR) release version 5.0, =5%
EHRRAARE
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BRRIR: European Commission Joint Research Centre (JRC). Emission
Database for Global Atmospheric Research (EDGAR) release version 5.0, 5%
SHIRAHRED
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BHIRIR: European Commission Joint Research Centre (JRC). Emission Database for Global Atmospheric Research
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BRIKIR: European Commission Joint Research Centre (JRC). Emission
Database for Global Atmospheric Research (EDGAR) release version 5.0, 55%
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BRIRIR: European Commission Joint Research Centre (JRC). Emission
Database for Global Atmospheric Research (EDGAR) release version 5.0, &5
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BRIRIR: European Commission Joint Research Centre (JRC). Emission Database for Global Atmospheric Research
(EDGAR) release version 5.0, &£ R EH R
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De-carbonization
technologies

Domestic Aviation: The
switch to a more efficient
aircraft model is considered a
viable option for partial de-
carbonization in the near term.
Sustainable aviation fuels
(SAFs, biojet) remain the sole
commercially available de-
carbonization route longer term.

DomesticShipping/marine:
LNG ships a technological
option for ships meeting a
threshold size, marine biofuels
another viable technology, with
clean ammonia run ships the
key de-carbonization
technology longer term.

Road short-haul transport:
EVs the key technology for road
passenger transport, with a
small proportion of de-
carbonization achieved through
road biofuels for places with
constrained electrification
infrastructure.

Road heavy long-haul
transport: Electrification of
short and medium haul trucks
and buses a viable option.
Hydrogen FCEVs the most
promising de-carbonization
option for long-haul heavy truck
routes and forklifts.

Rail: Rail electrification and
hydrogen run trains the two de-
carbonization solutions
considered.

5.0

6.0 7.0 8.0

9.0 10.0 11.0

p ial (Gt CO2eq)
m Transport (road, aviation, shipping)

m Buildings (residential & commercial)

12.0

13.0 14.0

m Emissions reliant on other carbon sequestration (natural sinks, DACCS)

De-carbonization
technologies

Switch from coal to
renewables: Switch from coal
power plants to renewable
energy sources including
solar, onshore wind, offshore
wind, bioenergy, hydropower
is considered the ultimate de-
carbonization solution which
can achieve full emissions
abatement for power
generation systems in the
presence of storage solutions.
We considered the switch to
all of these renewable energy
sources in the presence of
batteries (for intraday storage)
and clean hydrogen (for
seasonal storage).

Switch from gas to

gas can act as a transition
fuel, we consider the switch of
existing natural gas CGGTS
to hydrogen CGGTs in the
long-run.

Energy storage: Batteries a
key technology for intraday
storage with clean hydrogen
the preferred solution for
seasonal storage enabling the
full uptake of renewables in
the power generation system.

Switch to nuclear: China
maintains a robust nuclear
energy expansion program
and we therefore consider its
role is supporting the above
de-carbonization solutions.

AGRICULTURE

De-carbonization
technologies

Efficiency measures such
as Improved land

t and li
management practices:
Improved cropland, grazing
land and livestock
management practices can
help to optimize resource use
for the agriculture sector.

Precision agriculture: the
use of technology to optimize
crop yields, minimize excess
use of nutrients and
pesticides could all potentially
contribute to reduced raw
material and energy needs
for the sector.

De-carbonization
technologies

* Energy & heating:
Hydrogen and renewable
electricity-run heat pumps
are the two key
technologies currently
commercially available for
de-carbonization of
buildings longer-term.
Natural gas can act as a
transtion fuel with
infratsructure potentially
utilized for clean hydrogen
longer-term. We consider
both in our cost curve.

Efficiency: Efficiency
improvements can reduce
the energy needs for
heating and electricity and
are thus viable options for
de-carbonization. Switch to
LED lighting, addition of
cavity wall insulation, use
of thermostats and highest
efficiency HVAC systems
can all contribute to
efficiency improvements.

De-carbonization
technologies

Industrial combustion:
Across major emitting
industrial sectors, >50% of
emissions are associated with
the use of energy, primarily
through industrial combustion
(heat) processes. Switch from
coal, natural gas to biomass,
biogas, electricity or clean
hydrogen are the key
technologies in de-carbonizing
energy-related emissions in
industry.

Cement: Process emissions
associated with the materials
involved such as clinker.
Reducing the ratio of clinker to
cement a key technology,
along with CCUS.

Iron & Steel: The switch from
BF-BOF process to natural
gas or hydrogen based DIR-
EAF a possible near term de-
carbonization option. The role
of scrap and circular economy
is also critical.

Petrochemicals: Clean
hydrogen (either blue or
green) and bioenergy could
aid the de-carbonization of
process/raw material-related
emissions.Recycling and
circular economy also critical.

Efficiency: Across all
industrial processes,
improvements in efficiency &
recycling have the potential to
aid de-carbonization.

hydrogen CGGTs: Whilst |

BHIKIR: European Commission Joint Research Centre (JRC). Emission Database for Global Atmospheric Research (EDGAR) release version 5.0, Bx& ERIA
A, BRERBBRMRS
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LR AR ERER:

(a) IBAEREREN: ZEARBIAEMEN “BARNEE B0 SEESHY, FEH)
REN50%AFTERESFHBABGER, AXNESTIL (BREAEMEMFERESAL
Tb) AR, MBERFRBAXTHIZEESE ( "G" S8E) +2X#.

(b) FBEREE: KEMEREMNZEMEAR, EBHPRBTULREANBERRSL, I
DEMERAATAL SRR, MBEEES TIRE (WSMALK) . KRSRMERARES
DEXRAE,
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d) SRR EHANTEERE ( "BER" ) SIREXEE, tEPTENETH
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Low carbon
electricity Clean Hydrogen

De-carbonization
cost curve

Transformational Carbon sequestration
technologies (CCUS, natural sinks)

Batteries
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BHEIKIR: European Commission Joint Research Centre (JRC). Emission
Database for Global Atmospheric Research (EDGAR) release version 5.0, Bt &
ERRELR, BRLRRAFRY
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China  Coal, Solar ~ Wind  Hydro Other Nuclear H2CCGT Coal + China net China  Coal, Solar ~ Wind  Hydro  Other Nuclear H2CCGT Coal + China net
electricity natural (onshore + CCUS  zero power natural (onshore + RES CCUS  zero
generation gas & offshore) electricity generation gas & offshore) power
(2019) oil generation capacity oil generation
retirements (2060) (2019) retirements capacity
(2060)
BHIKIR: BP Statistical Review, i B 2 BRI AR RS FRRR: SBRERRAMEN
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AHRLRRARE: KREAE “RAAER" FafEESHL, TREETHE
R LA K S bR RE IR SR Bk RE TR AY B AN R AN 2= B
ABLRFABEREERTLARE, HFRRERNOBERRARNML ERAZLFKREID
Bilez— (MEX69FR) , BARETULZSETARINNEIAMERRANHT
B, BARRAKMER. BT, HEAENBETEHRFLI50% 8 BHEGRB T
AIEEERARE (MEX68FTR) , BEXEZRMNEMILYRENESA. HERS

=
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[}

F% 68 WAHLLRA BNMRRBXREE, 1hEEYH
Eih ESRIET A SSE R B AR L50% B B i E

RER

B3k 69: EMEFEMEEE, BE T BERREEIIR BT
R EBBRAA L ERARROEARZ—
FR BB B B AR A B

PEHALEDRESEERBERRANL, ERRERRMKSE
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Carbon abatement cost (US$/tnCO2eq)

GHG emissi in power ger ion (GtCO2eq)
0 1 2 3 6 7 8 9 10 M 12 13 14
. . Solar Onshore wind m Offshore wind
China GHG p (Gt CO2eq) = Solar + battery =Wind + battery = Nuclear
= De-carbonization technologies relying on access to renewable energy m Solar + hydrogen storage mWind + hydrogen storage m Hydro
Other de-carbonization technologies =H2 GCCT ccus
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RERER: SRERRAMRE

HE+FP, EMEROITBERERRKERSIRITTERT70%U L, BaRETHERER
KBEHNEBRACEIRERERSHARB AR, FNTX BEX 70, ESFENZ, B
ENETFERINERREN TBERERNEERANTR, XEERLRT A NEARRAE
LT (FEREAKIRE “Carbonomics: Innovation, Deflation and Affordable
De-carbonization” ) & FRERBANKANAAZENFZENEL TRANT M. B
T 72T T B2010F LR, BARRARI K2 MAH D) AT B4R AN E B KA K
=p2z—M. SHER, BATNARKEGAREIT XM A NRERRIFERES BT
NEIRE. £FEIKERE, REAESBEHAaRRMEAR LD, EEK 73R, £iR
EZRSHEERENNERRAEI TRIMREN S, BERRIFERH AR BRI
B, KEIGARBTRIM B ZEXRNHETNERREEHREDIAZEI10%-20%, HEEZ TRUM
FHERRIE NN N3%-5%o
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Bk 70: REABAER
APRELR BB HIKF,

ERNVEBKA BRI EEIEREREER SN
BRI R AR R BRFE EXE: -

ERRA (ET/TRA)
0.12 (USD/kwh) = COE-2019 LCOE-2023E (USD/kwh) 0.12
15, S === == ==1
0.10 20% reduction potential for Utility-scale 0.10
I solar
1 15% reduction potential for On-shore
0.08 - 1 Wind 0.08
1
0.06 1
|
0.04 |
|
0.02 |
|
0.00 I
Gas | Off-shore Solar-DG  On-shore Solar-u(ilityI Coal Nuclear Hydro
1 wind Wind 1

B 71: - FAIAILT, ERE 220605 KT »FHA AR
R, XEMERHNRBENETEHEREEK
PEXIFERABRAFEOARMKNET FER (TW)
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0.0

2019 2025E 2030E 2035E 2040E 2045E 2050E 2055E 2060E
Offshore wind

Solar & Wind installed capacity in
China for net zero (TW)

Solar  ®Onshore wind

BRRR: SEREMBAHRE

RERR: SERERRAMEN

Bk 72: IBAERRBEZTRANEBRARE RIT T E70%
HE, ?%ﬁ:ﬁ‘zmoﬁB{ﬂ%i‘zﬂﬁ%)ﬁﬁﬁﬁtflﬁEE’Jﬁ$ﬁk$—l—
F&Ehzéﬁlﬁkmz%ﬁ?i’]_“
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/MWM

20%
23 10%
2 VA
€ g 0% % .
g ° 2010 2017 2018 2019 2020E
£E 0%
=] ~
£ 2 20% S
g e
3% o §___———\\___
2.
=S o
(%]
O 2 -50%
S b | 53%
g -60%
% S 70%
= o
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e Solar PV - financial reduction
== Onshore wind - financial reduction
Offshore wind - financial reduction

== Solar PV- operational reduction
=== Onshore wind - operational reduction
Offshore wind - operational reduction

BR 73 EREBFERFRNVEIST, LARRAXRSTBEE
BERARUENRAKAREEST K&
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—— Offshore oil LNG ——Solar ——Onshore wind —— Offshore wind

BERR: SRERBEFEID
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ABARRNEANFTHERERS, EPEXSNATHRAMNEREPERNE
EPRFEN ML TR LRIR

WMARER PR, FAEL, PEZEI20605F KM ATHARNBLEHRABEER

RINMFE TR L. IBERREXERRAN2 (X 59) MIBTHERMT (BE
61) WEEXRRF. TRFEARSARSUORBERNTAMEMAL, XEFAREMAXE
MR EANFTIBREERS. TXHERIRTBWABEARANWE A HEEMERN
RABEE (RAXZH) , BRERTAIUNEVREEEREAEH (BRREREFRNT

T, Em/G)) URB~ERFRANEMEERAZE (RT/GJ) #ITHIR. ALE

R, REFBELREDEVEENRAIEZRERS. EXAR-—EBWEBRERBHK
g, RERSESAAMEIAEMAL, BEERREHEJURGFEETNHE

(FRETRERENKHEEER) HXARRZERS.

B3k 74: LB HE
BARMRRBEE BTG ERE -

PAASRY
REE=E

AEHEE, BLEEEERRE Bk 75 - RS EAFRRI MBI

EMBRERFEAFRANELERBRAIE (£T/G))

BUMHEERAZH (ET/GJ)

Capital intensity per flowing unit of

energy ($/GJ)

350

300

250

200

150

100

50

0

Coal-fired Natural Onshore Hydro Solar PV Biomass Offshore Geothermal
wind

combustion  gas
GG

Capex per flowing unit of energy
+ Capex per flowing unit of energy- GS base case for China

the lifetime of the asset ($/GJ)
(o>}

*

Capital intensity per unit of energy over

Coal-fired Natural Onshore Hydro Solar PV Biomass Offshore Geothermal
combustion  gas wind wind
CGGT
Capex per unit of energy over asset life - range
+ Capex per unit of energy over asset life - GS base case for China

wind

BRBRR: AR, IRENA, RSB EHRED

2021518204

BRR: ATEHIE, IRENA, BRESREAN R

BN HHEERATHURBRFEAREAFRANEVEERAIHEE, FEER
EBEEROFYRAZREERE TEEHLERELE. KREFNREEAREEFEIE
MIERN; TRAR, BUEERAEEESHTHIREE (EFERFRALNTF
HERBREVWENTERUKE) 2HEEREMNEXRE. RIBERS TALILO)FE
FRAIBARERB(RENA)NETE, REFZNENEFTHEEERR (AFRBRTR AR
HEHELEEETARESR) , XREEDARTHIZEERSNWELEHERLABER (B85
ER. HiE. T BERT)
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Bk 76 BERERABRANAABREESTULHIREEN
HREXT80%
BEERERABVEERAIY vs. FHIBMWERBRIATEM

EHANERE

8.0
E
=
Sz 60 R2=08115 ¢ CSP
2% SolarPv
- so e
K] S ® e
co 40 Offsho.rewmd ........
£y TR L
58 .. e
35 30 Onshore wind | .. Geothermal
E 3 5o Coalfired ° Hydr.? .......
® . combustion ... [ ] .
2 0 e Biomass
= : e ® Natural gas CGGT

0.0

0 50 100 150 200 250 300 350 400

Capex per flowing unit of energy ($/GJ)

Bk 77: KRRBHBERE - REBFERA RS, EHHE
SEMITABENXREMAREE (FnREA DS
E X REBIHIEREAK)

BiUAEERERAXE vs. THBMWABENEE
E

VEFHEE

8.0
7.0
6.0

BO [T e

Solar PV
4.0 ® Offshore wind
[ ]

capacity

3.0 Hydro

2.0 Coal-fired ®  omass L
combustion

....... o0
10 e

Total labour intensity per MW

0.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0
Capex per unit of energy over lifetime ($/GJ)

FHRIKIR: Wet et al. as illustrated by IRENA, UNEP - ILO - IOE - ITUC, B4
KR EARE

2021518204

BFHKIR: Wet et al. as illustrated by IRENA, UNEP - ILO - IOE - ITUC, B4
B RARH
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fEREM Tz B EA IR e EE M H =810

EEABLRRRBINERRE, SHBEFEEERRTTRERSN BEMETEHBFRAK
o BAVAN, NEMBAOTIZNZLHER, SRABULRFEEBBNIEXAAEREA
BERRRERERAE GRS, —FEAUENNE. BRIPEXAHRARANT REE
PATHARAERE, FMITEI20605F, AAE R FHEBMAIMNEEETI00GW, T
EFEESREMNCCCTRB LB WK EAIENEIARIN3%, EEEFMZEIE ZBMEME
HNFERNTER-IMANEENEREERE, RERXARMNBRBENERBXEE
EEENFERESNEEZTWXAFEH RO, FAEER T, £THENMIHEZRM, B
FEREAOBVBX (LHEALBX) FARBRARTENZES D, BEHRES
MEBREMAEIGIEYE, FEEFHE-FNRZK.

RREMZ B BIRAHEN HRARE#EERR, ERMNANSEREESFT MM
R, BREXFAMEABEZNHNERE. Hlan, FAXEZHSIRIMERERES K HBM
BR, XEMXARXBESFENRE, IHENEFRRHERLELEH, 5—HH, S
g8 (R AMEREF BT M MG HENERANBINTRE) THRRINENE
REUBEERRRBEZANETERTE. ERTRHEMNBEARRERNT
50%-65% 2 A, EAREREMEM N T HRENSHR, HMEITRENBE N E R EHM#EEER
RN N25%-40% (L2 TEBIMATIIAEIL70%-90%) , F Bk 78..

B 78: BAVAR, ABBULRBOMIEER N EERRNAAEEZEIMEIAR

Energy storage Efficiency Comparison

e @ é;ix > T e [g] P B

XOXDKD

Energy Transportation, Electric Battery Power generation
generation distribution storage Overall efficiency
100% 85-95% 70-90% 70-90%
(I I = W

el 2 aﬁ\” (B~ o ~uir» &

Energy Electrolyzer Compression & Fuel cell Power generation
generation H, production distribution electricity Overall efficiency
100% 60-70% 45-65% 25-40% 25-40%

B e ] e B ]

BERIER: DRHE SRERRAHR
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Ex 79: pEABNIL B XA RELBENMFINERERS, BZERZHBNFRRSH
RmL, METEEN ZENEMIRENEER L
TEARERERBERFEL2H (2RAAEHIHE) MFPIXERESH (LRNEFEDHE)

Long term average of PVOUT, period from 1999 (2007 in the East) to 2018
Daily totals: 22 24 28 32 36 40 44 48 52 56 60
KWh/kWp
Yearly totals: 803 876 1022 1168 1314 1461 1607 1753 1899 2045 2191

Mean Power Density@ 100 m - [Wim?]

<5 S0 75 100 125 150 175 200 225 250 275 300 325 350 375 400 450 500 S50 600 650 700 750 BOO BS0 90D 1000 1100 1200 1300 > 1300

*The maps were obtained from the Global Solar Atlas 2.0, developed and operated by the company Solargis s.r.o. on behalf

of the World Bank Group, utilizing Solargis data, with funding provided by the Eneagg Sector Management Assistance

Program (ESMAP) and the Global Wind Atlas 3.0, developed, owned and operated by the Technical University of Denmark

DTU) and released in partnership with the World Bank Group, utilizing data provided by Vortex, using funding provided by the
nergy Sector Management Assistance Program (ESMAP).

BRISKIR: Global Solar Atlas 2.0 - World Bank Group, Solargis, ESMAP, Global Wind Atlas 3.0 - tHF4R{TEH, FEHRARK
2 Vortex.
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=

Sxsftt, RBEREMNERLTHRREABLY "SAAX" , ERFEMmS, X8
ERiHERE S E SRR E A REN LA D B NI%MT%, KRTHMAER
X (MEEX43FR) « EARMNDTHN -850, RINWET FEREE LS
ATEARAERLS (0 BR81FR) , HPESRTHERERZH., KEEHEH. &
®. BERMZEFMENE,

B3k 80: A E A0 5@ 1z b 3 T B B A A h 4 Y S - -
HEHAEDRESEERBERAA ML, ETHaEANY
B, BIRRARTER QM ERBES = L AR R

Bk 81: - EBIULGEEAESA. BEREMEYER, $
BB BT 22060 5 3K I3 T AV ER 12
PERBEzRLERERE (M—S4R=E)
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- 1,100 - ”
2 1,000 2 1,200
S 900 - .% =
H ggg 1 0 1,000
T 1 [P
58 600 - s g
£a £ 800
§O 500 50
®Q 400 -%3)
c£ 300 - 2 = 600
28 2004 2
52 100 = 400
A B
s R ]
£ -200 - © 200
° 00 10 20 30 40 50 60 7.0 80 9.0 100 11.0 12.0 13.0 14.0 0
China GHG issi p i Gt CO2e SAITLRONTOXNFLRINTYLIINILLIINTLRS
= Power generation (coal switch to gas & renewables) ( ) 2888855555888 8838383833333888888
.rrgnstpor(t‘([fa?"arla"og'Splppmg) o o NANNANNANNANNANAANAANAANANNANNQ
Industry (Industrial combustion, process emissions, waste, . . .
. Buildings (residential & commergial) OChina transport path to net zero Electrification (Evs, PHEVs, HEVs)
= Agriculture, forestry & other land uses (AFOLU) Hydrogen - FCEVS, FCE trains m Biofuels (aviation & marine)

Non-abatable at current conservation technologies

= Ammonia & LNG shipping

FERER: SRERRAMAED
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RRRE: BREFRATAS
EREH CRAENTERFE) @ BRUERBEHERNZL

BAVAR, ERzHLELT - MIURKFEARARTENER, Bk, BHERA
AR RER RN BRI D, NTHEREHEH (FEEERAENFERF

%), BAVANBSUREZNEBEREAR. WTREREFR, RINNAABEIEREE, K
AR ZEARNMENERR. EERE. ESERS., 5L, RIEPEEI20605F K
A THH AR 20305F 2 BUiA IR AVERAE, HATMIT2060F HERER EHREE
(BERAE, 2. PRMKERE) BIBE2019F 8RN =, MeRE (BFEHR
BABRE, BRBHENMREENE) EERERREETHZERE/LTEEI100%

(MNEE 82f1R) » ZRRERHEFRETEREFMREETNSERE2030F 1A E

20%, 20405F#£iE70%, 20505F1£ZE|90%, 2060F /L FEEI100%. HEATEARREH D
THRFEFREFERERBETNSER, MIEEFEHEPNLL, BRBIMNMANRE
B S EEXARIRBERARIER.
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£, Z8E
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R N ERDARITILBEROFR, 28
BEBRHE (F8, 28K UREFREDE (BB, 2TEFR)
HGER. RERFHENEEER, RIOBEHTN (BIZHEIHE

BEEFERDE (G, ZHTR

= 32025%F, kA

ZHRREBLTERAELHEENAT%, B2 THAEEE513%, T2XLEF (BIMES
POBRZE) B 540%. FBAVAR, BREIHHER (BHRASXEEFERER) SHBR

2 (SUNANEMRERS) MEAERSLBNASRESHE
P, ﬁE%Eﬁiﬁiﬁu%E’Ji&E (BRIEARBE6- MM ™ SKHe R H % LRSI,
REBEmENBBEREFEELEMERS, ROMIT, B8R

BH600ZNME™)

—ENASRBEERSI RS HA
& EH

x (ééfftﬁ:'ni’ﬂﬁjimhi’“) URSAERSEAERENEREL (ETABMNI-MMDHR
5. FHWBESHOMERHRLS) EEDENHRFNAHENBEMLS, 2T Lk

HBEFH KUK Ko

Bk 82: RIEPEFI2060F LI HAMAIEERE, FAIM
it, #eRE (BEABEMRBEME) TEEERRES
FREERELFIAE100% -
RIFBPESIETRFHRNER, FREREETTEERERRE
EFHSIER(%)

100%
By 2030: By 2040: /_
0% NEVs NEVs
penetration | penetration
80% in fleet in fleet
= 0% 20% 70% By 2050: | By 2060:
$ NEVs NEVs
60% penetration | penetration
¥ in fleet in fleet
o0 90% c. 100%

40%
30%
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0%

NEVs penetration in China's road
transport fleet (%)

Ii’% 83: B ERFEMEMPERRFNERBRLR, B
SREEREEFHNEIRBRSE
':P.@gﬁﬁﬁfz—ﬁiﬁg‘ 23S RIRVERR F R A B (2019-60%F)
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100 I I

Chinaroad ICE net vehicle EV passenger FCEV heavy China road
transport fleet  retirements vehicles short, medlum long-haul trucks passenger fleet
(2019) light trucks (2060)

China road fleet (mn vehicles)

BERER: SREHRAMAE

FEIRIR: NBSC, 5B LRRAT R

Eik 84: 2 EMHAMBAERERBIZAMER A EKESE
LEMNEEERBEN, MitBSk. BEEE. £YWEER
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BERER: SRERRAMAE

HEEHESRMEEE M BEIR, F LRI
H27H, REAREIRF2A
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PEIEERDSKRIERE 28 BAR. 2035F MBFHELHIN0%E BRI A0 Nigsh &
550%. #EERE (BEABEMEERENT) §550%, ERPEAEFIREFSNABE
Wiz KUARBES EHEE RN ISP BERAE, HIIAN, BEETERETR2060
FXIWATHRAMRNERLE, LRBIREER-FRANZE, FlaHE—SRHRRE ST
%, REBDESENRRIE,

B3k 86: HEIFETRF T, 20355 PEMEERE/ AT AR S LD BIIEEI50%/0%
B Z2035F HTRER G R RER L E

Passenger Vehicle (PV)

Commercial Vehicle (CV)

Internal Combustion Engine (ICE)

New Energy Vehicle (NEV)

~2025 ~2030 ~2035

- Fuel efficiency to be better than
4.6L/100km (WLTC) for new PV (incl.
NEV)

- Fuel efficiency to be better than
3.2L/100km (WLTC) for new PV (incl.
NEV)

- Fuel efficiency to be better than
2.0L/100km (WLTC) for new PV (incl.
NEV)

- Freight car: fuel efficiency to be more - Freight car: fuel efficiency to be more
than 8% better than 2019 level than 10% better than 2019 level

- Bus: fuel efficiency to be more than
10% better than 2019 level

- Freight car: fuel efficiency to be more
than 15% better than 2019 level

- Bus: fuel efficiency to be more than
20% better than 2019 level

- Bus: fuel efficiency to be more than
15% better than 2019 level

- Fuel efficiency to be better than
5.6L/100km (WLTC) for new ICE
- HEV accounts more than 50% of ICE

- Fuel efficiency to be better than
4.8L/100km (WLTC) for new ICE
- HEV accounts more than 75% of ICE

- Fuel efficiency to be better than
4.0L/100km (WLTC) for new ICE
- HEV accounts 100% of ICE

- NEV accounts about 20% of total - NEV accounts about 40% of total - NEV accounts about 50% of total

demand demand demand
- FCV owned should be around 100k - FCV owned should be around 100k- - FCV owned should be around 1mn
units 1mn units units

BRRR: PEAEIEYS
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BIRIEH (KREFR) @ BERENB

BAVAR, BABRHEEEANFAENDEREHERENSIDNRBEBRER, BEE
IBFERREEUAENEESES. NEANEE, BEREAEERNERKEREREHN
FERAR. HTHRHEMENERER, METERSEHBEEMIRERD, 41120195
RE{RE6,180FMEI BT (EFREERE) , ERMNIAN, EMBERMENEBIRE KN
EREERMRBBMERRE NN —TUER, R EMENETREER/IME2019FH1E
KEBEMR, 2019FHFENMSERERE61E, BRE20EN=1, EHERNTM
SUEBEFTNZMNER. PECERITHIEI2030FEBE 1007 MREIEME, F|2025F 1
BHBF1,000M MR, 50,0005 MK LM EFB00Z MR, FibHE TR ASEER
B -SRREALR, BRXERITHIE2025FRNPEE-—MEBEHT, LBBER

MBS ERRAK . BRRREST LIRS, BSRRNEREARLZBHORE
BRI
abE A BB

SRAFEER. BUMEBNFEESES. MENRAKE. BT BERRN EERINN
TEFRHM, MNMBEA T —MEAERS| DHREERERE. SR AP A
THEENE, EBLBEWRE "BHRES" WERRUNGHTR. FENRESE
HE, MMBZEEATMZE. MESEREASRERENEERI AN EREN
AEBNEHEENEHERIRFNFRERRSORE, IMNE BHEER" (F K
BEFR" ) BEif, SRENANEARERRMEENEK, X2 8 aIS6ENAE G
NEEBE.

TXHERN DT T SRR ESHMAREFAER (ABEMRHE) HWEARIE
R, BEEAHEMEERVRHEERTES. BURHEERFERATENLS. B
& 87 R, XNTAE (RFEAHB) WEBERAE, ERIMBBMNEERUHLEEMN
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5 483km 500km
§_ 100 400km
Eg 300km
32 80 200km  200km  210km
2°E
2= 60
L
o 40 30
£ & & 4
E & O'D < N S
= 20 ®\7~ 2 000 Q’o q,edb 60&\ QQ; 6@ ‘2*
3 3 & c}rb" & <<\’ & 2 o° NS &
0 Yo NS I T S U
ICE FCEV BEV - DC (100kW) BEV - AC (22kW) S < 3 & ~
o
TWEERR: ARBE, SaRERERHART HRISRIE: Transport & Environment, EU, ‘A B iE, SR LRIRAMRER

BRI EMEERATE (LETIT) BEBRD. AREEHZHIE, BEBHEDR
BURHEEMERAEREARS ), REREEMEERKEWREMENMIIHER
2, BEBHEXAHARBTESDM (300kWhEL L) BRIMDARES R, Hit, HEBibE
ERRERIE (NaXERN+FF) RALS, FEEBIRANERGEHE —SRER
REY=[H,

2021518204 45



Goldman Sachs B

Bk 91 RIEHAINNE, MEBUFENLERERARS, BEERKHNBREAED
BRFEMERMBAAR (BISFEAFR)

ydrogen ek SEVeK

2020 2025 2020 2025 2020

Model ;

“
Costof Truck $250,000 $210,000 $250,000 $190,000 $120,000
Cost of fuel 56 per kg/H2 $4.80 per kg/H2 0.10 & per KWH 0.10 % per kWH $2.58 per gallon
Fuel consumption 7.5 miles per kg 7.5 miles per kg 0.4 miles per kWh 0.45 miles per kWh 8MPG
Fuel cost over 15 years $1,200,000 $960,000 $375,000 $333,333 $483,750
Maintenance costs $259,500 $259,500 $242,.400 5242400 $311,800
Battery costs 58,400 55,688 $120,000 581,262 50
Payload losses 50 50 $2B686,667 $200,000 50
Total cost $41,717,900 $1,435, 188 $1,254 067 $1,046,996 $915 550
$ per mile $1.15 $0.96 $0.84 $0.70 $0.61
$ per mile (ex-payload) $1.15 $0.96 $0.66 $0.56 $0.61

RRRR: A TR, BRERLATIH
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FEEMIRE: EFZETARNRAIE

EXUHEREEEREFRREEPET100%EER, EENENMEBBUHTAH
BHEMIZRIRR, TRESEE2020F BB MEN (B IERS) FEXRIE
H, BUFEE DR EEMIZEOERMNARE. 2020FFH UK, HEBFZXIEE
FEE, 2020638408, FREEAFEZESLBHA 2N, BEBUEAEMIZEITUHANE
RIREFE, B (1) 5GEIEMMLE; (2) KEFEHL; Q) EEE; @) FHERERSE
1, (5) ALE#E; (6) TULEERM; (7) Bbrm Rk MBRHERE; EPHeRER
BESIRN HER .

Hit, #HABUFEIE T ARMThITRIRER “FEE"

J-M: 20205888, ITMNH73MNREREBREAMEZY, Bol kR, BE. &R

Zll (F1112020-22F SR BARM,8001Z7T) « X—#E2 NHZEXBAKIME
—%, EEMMREG, T EEMN, FEEREZEMMAISREEMEIBNEARE. BEm

=, 2MITXKIF2022F 2 VERIEEREZBETT . FTBEIL4,0001, FEEETEE

3GWh,

JE3R: 202068108, tEMARZLHE QbR B BRI HEIFITEN R
(2020-2022%F) ) , ASGEL. HIFEH L. FHEFRFEFTBME. TU RN, ATEE
EURBFEMZHRES MTUHNAFIET Bit. BEME, £WMITNERRKR=ZFER

FREREFTBAS AN, REBIELH1001,

Ei8: 202068198, bEMBMAHE G T W EBMAIF AR, Kit “TH 5"
=F1T3hitR] (2020-2022%F) ) , RETYEBRNEEMLmNANEARTHIME., B4
ms, £WiTHE2022F 2R FEEREFRER10T, BHEEFEBEILA5 N INE 520

N

Mo

RIEFE B EMIZREFHKEE(EVCIPANEIE, #HZE2020F98, FEEEKFTBEM
140 (BIEAHEKFTBE60.67 MNARMALTBIESI.2AN) . HETXS,
BZE20209F9A8, 'R, BB, JI7. tEMIWIR AR FZHIE/FZBIHREERZHNES

ZIN——

MNEHo

B3k 92: HiZ2020F 98, FEEZITER AR FBIE60.677 Bk 93: - HIRE NN B EHABEELN750GWh

in k units Gwh
700 800 736 752
592 606 700 675
566
600 sig 531 531 542 547 551 558 59 7o 604
478 496 600 535
500 505
490
500 442
400
400
300 289
300
200
200 172
100 100 I
0 0
N S S SR ST S S S S S @ 9 9 S D D D D D D D O
& g o & Nt & & g & & S < N N N W v v v v W v W v
F & F P @@y Y Y & & F F F ¢ @Y
TRKIR: PEBINSETBEMIREEHRKE TRKIR: PEBINTEFTBEMIRERHEKE
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Bk 94: nHFEBHEBEHETHET (D)

Guangdong I 71,950
Shanghai I 69,506
Jiangsu I 62,934
el NG
Zhejiang I 33.776
Shandong NN 36,058
Anhui [ 0325
Hebei NN /857
Hubei NG 23278
Henan [NNNGEGGE 21,174

EX 95 N FBIEKBHERTHED (D)

Guangdong I 5.068
Shanghai I 4 962
Jiangsu I 4,153
Beijing NI 3,966
Zhejiang I 2622
Shandong NG 2276
Hebei [INNNENEGEGEGEGEEEEN 1740
Sichuan NG 1542
Hunan [ 1531
Shaanxi [N 1,400

FRFRIR: hEBAE T EEM IR RERE

2021518204

FERIR: hEBNEFBEM RS
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Mz MBLERBEEESNTLZ—, BN, BRFRATRNXBETEDRE
(TEFEMERED « SRRBRES WWRRER. BHE, INEFRTER —MER
AE, F—RHOREEEE LR A D15%. FRBE, RIVANEDER (3
ARAFEMEME) BRIMEHERNEZBRAR, IFEMERETS B
RANMEZEBERER, BESMTEBEL, SZAREB80%, ~F, AIFEMEMRE
FRHTAAER R T B ARERANLTITHERRE, BaEEFRABEIONME
FommAfE. RE\ERNGZNDESIAZHAMRIERE, RIOMIT2060F @ izH L%
PDIRELER SRR B 25077 #8/ R HIKF o

Bk 96: FEHIE, AHESME L AIBES A MZ b bz Y B3k 97: . ARFERAZR P E2I2060F LI 3 T HE LAV

HEFER- 7, EYMERERARNENTANEREERR—, 3
REFEABDHE, HF—A AR WA ERREEBR AR (FTSEMT R 8935 RIXEIL250718/K

30%

REREERLAEMRHER (FR/X)

2,500

35
g
25% 25% g
25% 'E 2,000
o
20% 20% H
20% s
b s 1500
2
15% 14% 2
£ 1,000
10% o
10% 8
= 500
£
5% S
0
w o wn o w0 o v o w o o] o
0% =} = - I I @ @ 53 < Jre] re] ©
o o o o o o o o o o o o
A330neo A350 A320neo 787 737TMAX 777X 8 & & & & & & & & & & A
FRRIR: ARHIE SRERBRAMRI BHRIKIR: BP Statistical Review, =584 £ BRIZ BB

2021518204

PERE: BIVAR, BSUABEERERNEXRNATRERNAMERRKR, BIH
ZHFTRMABRE DN T XAHER. LHR, SN FEAJRELRERZRLS (BF
BUREBMNEESES. MEMNER, RTUBLRRNBHERNE ( "EESE" M

‘GefE ), UREEENHKENERREL. 2018F K, M/RINEESHM5]

MBI EERERANEE, ARCEMSHE 4B T2021FRNEM. 20195, B
HEMERBEERESLIRANGE, PEEERRIREHNEBRIE—F AN,

ERfuE: BRUz B TR SEEREN -/ 8D, RITANRERAS BHE) 5
BR (PREE) ER N EEMNHBBRAT R,
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3) Tilb: EESRE. MIEE(CCUS). EEME, BIRLFMBSL
Hﬁﬁ%llﬁﬁi mBLE &

I (BETLME TWHRNHEER) Bi2EhESSSHHRESR ERALE (4
ﬁ%%)m Tib, TAVHERCEE S N=%, BST U REEXNERER. STEBER
BURHEX M T U2 M AR TR (BIERALER) « mTFEETROHRR,
AR S TUHREREERREY, RIMEITTPETLHERE050%5 EREET L, #
NEX Y (BEEELENEELEAL. KEZELEFWES. £I) . KA
N, EEEEE. BIHE(CCUS). Bk, ERBENSHERZTHXNMEBRABHARF
T B A,

BI% 98: BAVAN, BSEEAE. BRHIBE(CCUS). Bk, 12 B% 99 2 E T UHMBHN50% A LREAETL (BE2E

+ﬁ22&%1§H9§/ﬁLR$¢IEH7KE¢IIiL/TJiﬁFE’Jigiﬁ SENEREELET. KEZEESETWES)
FETAMEFYEESAHHREMNME (20195F)

’ﬁIJL TARBAMFAEEANFERESEERE (MIZEL

IRHE)

8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

MtCOZeq

\

China GHG emissions associated
with industry & industrial waste -

= Ferrous metals (iron & steel alloys)
0GS path to net zero for industry ceus Non-ferrous metals (ie. aluminium, copper, zinc)
= Bioenergy Hydrogen process Non-metallic minerals (cement, clay, lime)

= Chemicals (ammonia, methanol, HVCs plastics)

u Electrification of heat m Efficiency & circular economy . X "
BOther (alternative process materials) = Other unclassified (includes manufacturing and waste)

BHIKIR: European Commission Joint Research Centre (JRC). Emission WRIRIR: Energy Transitions Commission, BX& ERRIAL, EFREERE, S8
Database for Global Atmospheric Research (EDGAR) release version 5.0, Bk & LR BRI
ERAREAR, SRSRREHR

BESREENARE: SRR IR, EETRBREARESRENH N
BEEANE D (BB EFEFEERERAR)

SR THERELERE AR L UIMIXE, HETUBETERFENABERER
REFSEE, BFEPEAREX, RITAR, SEATEFZTIUSEREAESTEER,

BEENG FRAER. AE-LETEATI~RNVER, URENSBNRN—NEE
MEAR, BREETEMNEARZREE A, BEEFTNATFHEXTLIEHAZ
BERDATRESHREME. EOMIt, ERESESRHEBOVEEFR, BEE6EX
HhE B A AN B I TR B Bk BI920%, HBEMZMERIEZEN170MYE, HET

2019F £425MtH 74Z o
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B3k 100: BAVAR, BESREN P EBBAAN LN TTEE
K E£920%: -

MEASSENREAHRRBRA A ML, HhEeARKRER
ER AT A REIRER T YRR

B3k 101: - RIEPESSI TR B RaEse, BAM
it, SREMEBETIAEEI2060F BB E7ZRIL170MYF
HEFERAFBBRAEN KB ESEBRMZNE (Mtpa)

1,200 g 0
1,100
1,000 §E %0
3 900 85~
8 _ 800 5x=g 100
£T 700 ZEE [ |
gy 600 c® = 50 25 E
g3 500 §xX3 c.
58 40 SER o W
& 300 To o c 5 o~ o = o
8 200 £35 9 .8 BES = 252 558
82 100 ggN °S g3 388 >88 S3F gex
£ 0 L ——— R . b 35 38 55 s Ets FEE  S5%  Sse
T 5 £s &8 =438 3°g @ = 25R
200 3 53 5 38%g8 2:3 =
- ® i fEcg T 8E £32
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 © 3 agg"’ 3 3 S2g
China GHG emissi p ial (Gt CO2eq) £5 S8 E = 358 £
m De-carbonization technologies relying on clean hydrogen () S£® ]
Other de-carbonization technologies China China
mn1ay Nt 2nrn
BERR: SRSRRARRI RERR: SERESRRATVRY

T EB0FR, SENARENTIURRE, BEREEANIFELBRORE, thAREEERE
BERPTZER. T, EVFREEBSZENHBANSERTUNBRAR, HE
BRH A BB EIRERNEETH. BRIER, BRIFTAESRRATHELERE
BMEBSUEMIRENINELRIEREG N, ERENABLEEENAAENEAREL, I
SR ILERBMIR BT ER. BIVAN, DEALBRHEERSREHE, SISHNS

LIRS RR. BRlREEENHSRAEE

"BEBSRE M gesEe”

, ¥

USREAERASNMENLS, ZRTRESENTBERRLEXMIVEERERRARESR

SHNEERR,

‘EesEe”

EESMR)FBAREREATRZA) , T "“ZEA6E" BEIKBHERHR, HPHRFER
BAORBEHRAFRN (AIHEE) sERA®R.

ESHBRASANESRASHELE (RAFKRES

Bk 102 EESRENGESERMNFT aHSMMHRE -
EMEETENFEAESEA(LCOH) (En/TRA)

B3 103: -
BB AR
R RN KRR T T AR

EXRTHAEE. TBERRREMBMAER

10
9 : 8.0
.8 . . [P
7 ' * e N e
2 6 3 . . 8T 70
3 5 — e * S
o 4 : * g & 6.0
533 R 2. Capex: $500/kW
£’ DR R i 2o apex: e
isialla i s alalalalal -
8, W EeaEaE.H 53
s wls o ¥ 9 x o x 95 5 5 5 5 5 5 5 5 & %L
g £3 3232353888888 8838 gg 40
g g ¢ ¢ © 2 99y 9T EEEEEEEECE =3 30
5 ® B '3 3B 3 B X .
E r_g_ § E’ g g’ % g g g g 2|1& g(g 2|2 2|2 2 g g Blue H2: SMR +CCUS, $10/mcf
8¢ g o 3 ° 3 ® 3 9 e = 2 = 2 = 2 = 2 = =, / Blue H2: SMR +CCUS, $6.25/mcf
s P £ £ £ £ £ = 0 o e m e e i m i e e o = . = . DIUEHZ SVR +CCUS, $6.25/mcf |
g & g = = ST B F B B B 2= Blue H2: SMR +CCUS, $2.5/mcf _ _
1 T T ! : 1.0
8 S 8 .
Coal price Coal price Coal price Gas price Gas price Gas price Gas price LCOE LCOE LCOE LCOE LCOE 0.0
15$/tn 35%/tn 558/tn  $2.5/mcf $5.0/mcf $7.5/mcf $10.0/mcf $20/MWh $35/MWh $50/MWh $65/MWh $80/MWh -
Green hvdroaen = Opex (S/kg H2) Fuel (coal, NG) or electricity cost ($/kg H2) 0 15 30 45 60 75 90 105
Blue hydrogen LCOE ($/MWh)
Grey hydrogen  Capex ($/kg H2) #GS base case cost of production
SR 57 IE - =] = S AR 23 SRWSEIE- = D A 29 3
TRKR: ARHE aRERREHRB TRRKR: SREKRAMEIH
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AIERRE R X MERTT Bt Y B X

WETATR, FEHASIAR T FNBHEERREMNEET W N A2 — 2% TheHE SN, SAEATE BT HE A
EIRIHAE B S E KN ERNKFR. I—RANTELNEE, PEHECESE (NHKES) £FTULHNER
SEHBEANGI=EABRNE (WETETWRESEIHHREN32%) -

Bk 104: AJREAVENERAE IR R B RAANNHBGRE (M-S b= 8/MH)

A i A e i ‘ !
i il 5 e ' e | \
7 g : i \
- < 7 ! & 3 1 T m—R
Feedstock 0 S .
1 1 1
(extraction) I ' i downstre:am Emissions intensity
1 1 1 p g

rocessin

1 1 1
Coal ] BF-BOF 0 > Downstream
Iron ore : Blast Furnace- Blast Oxygen Furnace : processing — cold
| RN |
1 1

rolling and

casting

I DRI ! Electric Arc i

. . —
Natural gas 0 Direct iron | I S Furnace —1
Iron ore | reduction (natural | (EAF) 0
i + i i
y 1

as
Zero-carbon Zero-carbon

E I electricity: ' electricity:
DRI
Iron ore | > i »> L

1 reduction (clean 0

|
| hydroaen) 0 !
i 0 1 . ..
\ i Grid electricity ' Grid electricity
0.0-0.6
—T— . m | | o
1 1 i

1 1 1

1 1 1

1

* Figures in blue indicate the emissions per tonne steel produced — tnCO2/tn steel :

BRIKIR: Energy Transitions Commission, 22 B)##E, B £ AR IR

BRILHEEREZANIE, UAR LRI ZBREHEELE, FRT X

m HYBRITHIE: 20164, ImEfNEkEEH(SSAB). Ini A E b 2\ B(LKAB)MIHE KR E A T
(Vattenfall)i&3Z 7 @IS 2 B §Y B 18 R £5-88 U A (DRI-EAF)SRHUE MR IR A ETE, EEE Q5T
HR BTN T ARRENE AR 2018F, MBEEHRESEEN TR T — N ARL 2GRN,
R RN ERAGIT R 142 B R, HHEEREEEHRBRAANM B REBISIZHARBANES,
=XRBARSSAB. LKABMVattenfal ¥ & BRMHEITHERRAA=92—NEE. HHARREBEZIY
ATAITHERRA — R E N FFRIUE 246,000 RN T €,

®m SALCOSHIH: iZ¥H HSalzgitter AGHIFraunhofer Institute=5iE, 57EFF & H —#F) FADRI-EAFER 4 H
ETEERBNGY AERIZ. ZIZHNISHRRFAXRASESY AEFEN%, HEEELRER
BIFHIEMEERBNAE. SEARR, BETX—F%, SERERRAIKXESS%, Bt AR
50%H — E fhixo

® Y IDERWININR: NETEFRKER(ArcelorMittal) I —MARIE, BT REMER. ZIEBRATHE
FRRMENBAFIREEMHKELNNR, KKEKT R,

® COURSE 501 H: iZIHHHBANSKBKE 2K, EERESHT ARRIEFNEERRAZ LG HiE
SIZREPN iR, MmN E =R R T,

® HisarnallB: 2004%F, JIREUMNEK AT (EFEBERELNTE) NMARVMAL 7 BK =S imAmmn
BMATULCOS, T B 2R REEEI2050F SEH M MR HE50% A Re Hisarna2thKE R 2
—, ETHEREFHEEERIZ, IXA—FEEHK. ZIZAFEEEFaF I ZENIREAY
RET EHRY AAR, BEFEETER.
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g ENT-EREEERSNIUVIRFEREZN —MER, BEFNRE
RAREE LRBEZE D FA

BEETMUEB TR AT (RMT, BEEUBLERREDRR, WHEXBNIT
WEERSENAR) , MPETUHEXANER. FENTUIREENAER AL
AN, FAEEREPENIART I REN - LRHEE RSN (MAREMNT
HiER) RIRERHA. MEXK S8R, BRMNFITHEARENEESEHRENY
15% A B RFEERLARH. ETHETSIT WZENLRE (WER1057R) ,
REFELH 2 —RRETULR~HIURE, RFEXNARI MEFIZHTIE
Hig. NTASHRBERARNAGE, PEAFLTRAXBNKRL FEEETEREM
BRAIRARE. T LRENREREERS.

TENBRBEDZENER, BEERIETIARER. £ RENSENLRE, FE
RAOBERLRARBENZIRE, FTeXAPENFZHAMRER. 20207880, A
RRITEERARZE. HEILEBESHEBATHN (GZEFAZFIFNE BX) 20205535/
BRANT REESHF(CCS), NXLETMBERRETRARE, £BIERZENLI261
REBHETNESR, RAB3IMUTHE, MELHRIOSNMERBRBEME P, RBE4ME
THE. BREENARSERBTER, RIMNTUANTEELERZY —MNESMIRAER,
RUSHMBXALKHMIER (WEEN4SQBKALEBER) -

Bk 105 XN TRAEERSNTSE TU KR, BREER Bk 106: - EZAT “REWNTE" 2/F, £HHKECCS
—PNEBNBBBRLTR, BARERITERET £H  REEEERAREL -

EERLBRIE:

RECCSRIEH F - A EMETraE

PETWEFHNFYEENEM-—REAFR (F)

40

35

assets in China (yrs)
S o NN W
o o o o o

o

Average age and typical life of industrial

0
HVCs

Average life: 30 years

R B
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Average life: 40 years

CO02 annual capture and storage
capacity (Mtpa)

Ammonia  Iron & Steel: Iron & Steel: Cement kilns u Operating Under construction  # Advanced development # Early development

DRIs BF-BOF

BERR: EFREERE

2021518204

HHIKIR: Global CCS Institute Status report 2020.
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B®R 107: - RARRSWEZWBFRETIRS T a4k
REFEREMTL (BT LMRBTIL, MABRRASM

Bk 108: RIFL MW ESHEMRENEIRORIRE, B
B EMNRESHN —SmHFEN (RTEERELEN

T)

RECCST A MMM, HEIFRASMBIHIRE @7 LD

(Mtpa, 2019%)

45
40
35
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E—
25
20
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5
0

Operating

Large scale CCS projects capacity by
status and industry (Mtpa)

= Natural gas processing

= ron and steel production

= Chemical production
m Under evalutation

Under construction Advanced

Fertilizer production
® Ethanol production
u QOil refining = Various
mDACCS States Arabia

HEEN) BB UBRBRER
FRHSHH-EARIFRR (MCO2)

1,000,000
205,000

100,000
16,600
10,000 8,000 ' 16,000
10,000 5,000 5,000 '
I 4‘000 I I I I ZYBOO I
1 I I
UAE
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fields (MtCO2)
o
o
o

o
S

Early development

o

development

CO2 storage resource in major oil & gas

Hydrogen production
Power generation
United Russia Brazil

BWRISKIR: Global CCS Institute, B 2RI AR L

HHISKIR: Global CCS Institute status report 2020.

BERM R SEIAF

BAVAR, BERMERPERBABHNEZARTD. TETFP, FPEERSEENE
HE—EAT 2R, SERIRA RO RE TlbdE, SE+FHENBKDIEH
RITZBNN, REERERENHIE BR60%NHL NI BT MREMHEKLE,
TISEHNERRBERES, #8E70%, REREFEITRELMGRELITRIFIET
BEIMEENIRS Bit. FE—EBRKENGCDPREFAEN—MEERXK, HEL—1EF
MFIET 24 BPR, FHEZXK 38, RIZESERZI, ERINEEN T % THHREE
7, BNEZRTETULESESPEMARBALFHER XEHFEEFNMEKIE
M, ENHAEE, URZREWRFA.

R 109: EREFEFENAE, TURBERBEEESHTIL
Fh 93 1 RE S BUR 7 T Y BERE EL 51 (%)
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Industry Transportation ~ Residential ~ Non-residential ~Overall total
buildings buildings

Energy use covered by mandatory
energy efficiency policies in China
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Bk 110: - S E=1FK, PEGDPHIEMFRERBEZE TR
=k
HEEMUGDP (BWXNF) FrEMERHNEE (MhEE/
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China's total energy supply per GDP PPP
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BRKER: BERERE

BERR: EFRERE, tHRRITERA
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TAbRRSER S T HFEMNLEAIEZI K (BE60%) o BB ME KB IXLEH K
2, fImSAETEYER, BEREITHREINEF. RPENAR, £-L78, X
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ABSUNEARER - LEFTZNERNERNRS (HIMKKEEEFTZFERY

1, 000K ERRE) . Hit, 8EEKB100%ITHE DX WRILINFHEZSSBIEER,
SARRESUERIEATRENTBESTZ, BNT-LESREFTZ, BEia
THEMAR/REHMER. XTRHEXSREFTZ, RABEEESEBEANTE2EE

TREERNETFIEMEAR AT,

BR 111 TETUHRSENEZRBRRARBE

Carbon capture,
utilization,
storaae

Electrification Other innovative
of heat technologies

Hydrogen fuel Bioenergy fuel

or feedstock or feedstock

Efficiency gains,
Iron & Steel Circular economy - recycling,
Electrical iron reduction

Clinker to cement ratio reduction
(alternative feedstocks), Efficiency gains,
Circular economy - recycling

Cement

Efficiency gains,
Methane pyrolysis for hydrogen

Efficiency gains,
Alternative process design

Efficiency gains,
Industrial heat pumps

Applied at large industrial sites
Applied in pilot phase
Applied in research phase

RRRR: ATKE BRERRATRD
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BHRIRIR: European Commission Joint Research Centre (JRC). Emission
Database for Global Atmospheric Research (EDGAR) release version 5.0, Bt &
ERRALR, SRERRAAR

BRWTFTE, BNMTHER

BHIKIR: European Commission Joint Research Centre (JRC). Emission
Database for Global Atmospheric Research (EDGAR) release version 5.0, Bt &
ERRELR, BRLRRAFRY

GFEXWMEMER, BRERSEN (EEILRETHEERE

&, WEE 109 fi;, PENEMEFEEZRPEZEERERSLE2022F1K270%
WEE 109 FiR) « REESAEE (AR) URIAEMBREEERE (WEER
BE. YIRS, APEARE. RA) , DMEEEATRAMNBERESRSGEKE. BIIA
N, BREHATTERASLE-—MEZENTERE, EEERREELRAEANEILN
AL, BRETIAN, RASEEEMRENIRITAZENSERN RMEZHN

BRERMIZESRERES.

HTHEMNESERRAMNERERE, RETENATRITER, FEBEDNEXSE
X', FSHMNENSRXAHE S BXRARENRITAE, tHXEESREERS,
X — T SRR M A X SKIEE R AE, HHEEXKNWAOBRER (WAREE
£ 52fR) , ALESXRAEFHBERE, MEANBXBERAMNREMRRERS,

5—75H,

RAEPHLES,

HEREENSBER, FEBRBERMRLNZTEIA, BLEREER

' Assessment of Energy Saving Potential by Replacing Conventional Materials by Cross Laminated Timber
(CLT)—A Case Study of Office Buildings in China, by Yu Dong ,Xue Cui, Xunzhi Yin, Yang Chen, Haibo Guo.
Appl. Sci. 2019, 9(5), 858; https://doi.org/10.3390/app9050858
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BRIKIR: MDPI.

BRRER: BERERE, SBREHRETRE

Bk 116: PEMBIRER2022F HEREZRNPEERAER G ELIXR70%

Target

In Jul 2020, China's central policymakers announced that green buildings shall account for 70% of all
new buildings by 2022

Additional requirements of Star-rated green buildings evaluation

1-Star 2-Star 3-Star

(a) Decoration

Basic decoration for all buildings

(b) % of improvement from basic national standards

Building envelope thermal performance 5% 10% 20%
Air condition capacity 5% 10% 15%
Heat transfer coefficient of exterior windows in cold and severe cold regions 5% 10% 20%
Water efficiency of sanitary appliances Grade 3 Grade 2

Indoor air pollutant concentration 10% 20%

Airtight performance of external windows

Sealed attachement of the glass panel and window frame

RERR: SRERBEHEI
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BTN, RULBBBEERSNTIL 2 —, B@ASHHHRIF-—SEENRY, KB
MipA R BEMREER, EEMIAN, BREEIMNLERXBRLEDARAZE, &
PEEIERE, M NHEEE, MABERLVEAEYES, RERDERMREGH
BEER, HRORLEFT. &L, NERVAZSFHRAER, RIMNANFTEEUML
(BEM, EMMNTRMESEE, SRANBERABCKMRER) , RITBESRREH
T =it — R,
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£IE) %I)\miﬂklﬁﬂﬁl%m%ﬂo MR NEREN L AENSFLREO-LTTRORERASEL, FHEEE
BEZMEMMB LMt EMA. mﬁ%*ﬁj ERERLEERRASHZNTEXES, TR ESEL
RARShEELSHER (BXR117) o BMNFIUTERRTFNPHRESL, H—REFBRERASIELIRES
BRASNMEER, 9?1;%1&#.8’3&%4&%&’—:\1&&, MABBHEHRARSFRMEEZRK (BE 118) o
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FRIFR: CEIC, ATME, BELHRATAH

2021518204

58



Goldman Sachs s

E& 118 - EHlt, EAMITPENRASTUELARIERMER: ERERXASTZNNBRS, REAERRIRA
SERRNES
LR XAV R EBRA (BB AT AR)

Gas-coal competition

160 Insufficient competition in the wholesale market Increasing gas-on-gas competition

140 Onshore pipeline gas (South China) Poten.tiaI.Market-drvien C2G
Competition and convergence betweeen substitution:
120 - domestic & international gas after China gas « Global gas surplus (2025-26)
reforms - More competitive on-shore
100 | = - - gas market
80 - " = . carbon trading schemes in
International spot LNG a
60 -
40 -
20 1 Goal Assumed a gas price
o path similar to 2019
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

FRISKIF: 715, Refinitiv, B2 BRIRATFRED
AH RASHEXNBEFEBHSIT LS M HAmber Caitgfit,
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HRBITER, SRLRREHREM
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BRIKIR: Haver Analytics, BB 2 IRILAMRER
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HRISRIE: Our World in Data, BB & HIREAHARS

2 Wiebe, K. S. and N. Yamano (2016), “Estimating CO2 Emissions Embodied in Final Demand and Trade
Using the OECD ICIO 2015: Methodology and Results” . OECD Science, Technology and Industry Working
Papers, No. 2016/5, OECD Publishing, Paris.

3 H. Ritchie (2019) “How do CO2 emissions compare when we adjust for trade " . Published online at
OurWorldInData.org. Retrieved from: ‘https://ourworldindata.org/consumption-based-co2’ [Online
Resource] Based on Global Carbon Project; Carbon Dioxide Information Analysis Centre; BP; Maddison;
UNWPP
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BWRIRIR: OECD Stat, 3£ KR BRHRS
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The NDRC approved two Shenzhen was the The national trading China announced the The ecology and President Xi pledged The ecology and environment
provinces and five citiesas  first pilot to launch system was pledged by launch of the national environment ministry carbon neutrality by ministry targets the launch of
pilots of carbon emission carbon emission President Xi Jinping ETS, designed toinclude  took over responsibility 2060; a nationwide emissions
trading (CET) trading (CET) ahead of the Paris all major industrial for establishing the The ecology and trading scheme during the
climate accord sectors, but there has national ETS from NDR environment ministry period from 2021 to 2025

been no trading yet, and said they were revising

relevant regulations have the draft plan of

not been issued emission allowance

allocations

The development of China’s carbon emission trading (CET)
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= China's pilot ETS carbon markets
I 30 China's national ETS expected to launch in 2021
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 China national ETS EUETS Japan carbon tax I I | I II I " I I
= South Africa carbon tax mKorea ETS Germany ETS 0 L] -I Ill l'“ I “I L] - III'
" Mexico carbon tax = California CaT = Guangdong pilot ETS Beijing Chongging Fujian Guangdong Hubei Shanghai Shenzhen Tianjin EU  California
® Australia ERF Safeguard Mechanism ®Mexico pilot ETS ® Ukraine carbon tax pilot pilot pilot pilot pilot pilot pilot pilot ETS CaT
= Hubei pilot ETS Fujian pilot ETS Kazakhstan ETS ETS ETS ETS ETS ETS ETS ETS ETS  (2005) (2012)
France carbon tax ® Shanghai pilot ETS Canada federal fuel charge (2013)  (2013)  (2016) ~ (2013) (2013) (2013) (2013) (2013)

® Alberta TIER

EU includes the UK.

Others

EU includes the UK.
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m Carbonomics: Innovation, Deflation and Affordable
=smm @ De-carbonization
Carbonomics [ SESEPIES

b

lwaret [

Net zero is becoming more affordable as technological and financial
innovation, supported by policy, are flattening the de-carbonization cost
curve. We update our 2019 Carbonomics cost curve to reflect innovation
across c.100 dif ferent technologies to de-carbonize power, mobility,
buildings, agriculture and industry.

Clean hydrogen is gaining strong political and business momentum,

emerging as a major component in governments’ net zero plans such as
the European Green Deal. This is why we believe that the hydrogen value
chain deserves serious focus after three false starts in the past 50

years. In this report we analyze the clean hydrogen company ecosystem,
the cost competitiveness of green and blue hydrogen in key applications
and its key role in Carbonomics: the green engine of economic recovery.

Carbonomics: The green engine of economic
recovery

Clean tech has a major role to play in the upcoming economic recovery.
Leveraging our Carbonomics cost curve, we estimate that clean tech has
the potential to drive USS$1-2 tn pa of green infrastructure investments
and create 15-20 mn jobs worldwide, through public-private collaboration.
Renewable power will become the largest area of spending in the energy
industry in 2021, surpassing upstream oil & gas for the first time in
history, driven by bifurcating cost of capital. Rising capital markets
engagement in climate change is driving this seismic shift in capital
allocation, charging an implied carbon price of US$40-80/ton for new
hydrocarbon developments.

Carbonomics: The Future of Energy in the Age of

Climate Change
Dec11,2019

Climate change is re-shaping the energy industry through technological
innovation and capital markets pressure. Qur cost curve of de-
carbonization shows an abundance of large, low-cost investment
opportunities in power generation, industry, mobility, buildings and nature-
based solutions. However, these will not be sufficient to mitigate the
worst effects of climate change. A new Age of Restraint on new
hydrocarbon developments is leading to consolidation and higher barriers
to entry in the oil & gas industry, with Big Oils transitioning to Big Energy
and non-0OPEC oil supply growth terminating by 2021,

Explore our dedicated theme page:
Carbonomics =

20 January 2021
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Carbon Carbon Carbon

Carbon
q abatement abatement abatement

Conservation carbon abatement routes Industry N . . . abatement

price - base price - low price - high .

potential
case case case

Power generation (US$/tnCO2eq)  (US$/tnCO2eq) (US$/tnCO2eq)  (GtCO2eq)
Hydroelectric power, low cost scenario, high coal price Power generation -16 -19 -13 0.00
Nuclear power, low cost scenario, high coal price Power generation -14 -17 -1 0.03
Hydroelectric power, high cost scenario, high coal price Power generation -1 -13 -9 0.00
Hydroelectric power, low cost scenario, base coal price Power generation -10 -1 -8 0.00
Nuclear power, low cost scenario, base coal price Power generation -8 -9 -6 0.06
Hydroelectric power, high cost scenario, base coal price Power generation -4 -5 -3 0.00
Solar power, low cost scenario, high coal price Power generation -4 -5 -3 0.15
Hydroelectric power, low cost scenario, low coal price Power generation -2 -3 -2 0.00
Onshore wind power, low cost scenario, high coal price Power generation -2 -2 -2 0.08
Nuclear power, high cost scenario, high coal price Power generation -1 -1 -1 0.03
Nuclear power, low cost scenario, low coal price Power generation -1 0 -1 0.03
Solar power, low cost scenario, base coal price Power generation 3 2 3 0.31
Hydroelectric power, high cost scenario, low coal price Power generation 3 2 4 0.00
Onshore wind power, low cost scenario, base coal price Power generation 5 4 6 0.16
Nuclear power, high cost scenario, base coal price Power generation 6 5 7 0.06
Solar power, medium cost scenario, high coal price Power generation 10 8 1" 0.15
Solar power, low cost scenario, loq coal price Power generation 10 8 12 0.15
Onshore wind power, low cost scenario, low coal price Power generation 12 10 14 0.08
Nuclear power, high cost scenario, low coal price Power generation 13 10 16 0.03
Onshore wind power, base cost scenario, high coal price Power generation 16 13 19 0.08
Solar power, medium cost scenario, base coal price Power generation 16 13 19 0.31
Solar power, high cost scenario, high coal price Power generation 21 17 25 0.15
Onshore wind power, base cost scenario, base coal price Power generation 23 18 27 0.16
Solar power, medium cost scenario, low coal price Power generation 23 19 28 0.15
Solar power with battery storage, low cost scenario, high coal price Power generation 26 21 31 0.03
Solar power, high cost scenario, base coal price Power generation 28 22 33 0.31
Wind power with battery storage, low cost scenario, high coal price Power generation 28 23 34 0.02
Offshore wind power, low cost scenario, high coal price Power generation 29 19 40 0.05
Onshore wind power, base cost scenario, low coal price Power generation 30 19 40 0.08
Solar power with battery storage, low cost scenario, base coal price Power generation 33 21 44 0.05
Onshore wind power, high cost scenario, high coal price Power generation 34 22 45 0.08
Wind power with battery storage, low cost scenario, base coal price Power generation 35 23 47 0.04
Solar power, high cost scenario, low coal price Power generation 35 23 47 0.15
Offshore wind power, low cost scenario, base coal price Power generation 36 23 48 0.11
Solar power with battery storage, low cost scenario, low coal price Power generation 40 26 54 0.03
Onshore wind power, high cost scenario, base coal price Power generation 40 26 54 0.16
Wind power with battery storage, low cost scenario, low coal price Power generation 42 27 57 0.02
Offshore wind power, low cost scenario, low coal price Power generation 43 28 58 0.05
Onshore wind power, high cost scenario, low coal price Power generation 47 31 64 0.08
Coal power CCUS Power generation 60 39 81 0.22
Offshore wind power, high cost scenario, high coal price Power generation 67 44 91 0.05
Offshore wind power, high cost scenario, base coal price Power generation 74 48 100 0.11
Offshore wind power, high cost scenario, low coal price Power generation 81 53 109 0.05
Solar power with battery storage, high cost scenario, high coal price Power generation 87 57 118 0.03
Hydrogen CGGT, switch from low gas price Power generation 92 60 125 0.03
Solar power with battery storage, high cost scenario, base coal price Power generation 94 61 127 0.05
Wind power with battery storage, high cost scenario, high coal price Power generation 100 65 135 0.02
Solar power with battery storage, high cost scenario, low coal price Power generation 101 66 137 0.03
Wind power with battery storage, high cost scenario, base coal price Power generation 106 69 144 0.04
Wind power with battery storage, high cost scenario, low coal price Power generation 114 74 153 0.02
Hydrogen CGGT, switch from base gas price Power generation 116 75 157 0.03
Solar power with hydrogen storage, low cost scenario, high coal price Power generation 17 76 157 0.03
Onshore wind power with hydrogen storage, low cost scenario, high coal price Power generation 119 77 160 0.02
Solar power with hydrogen storage, low cost scenario, base coal price Power generation 123 80 166 0.05
Onshore wind power with hydrogen storage, low cost scenario, base coal price Power generation 125 81 169 0.04
Solar power with hydrogen storage, low cost scenario, low coal price Power generation 130 85 176 0.03
Onshore wind power with hydrogen storage, low cost scenario, low coal price Power generation 132 86 179 0.02
Hydrogen CGGT, switch from high gas price Power generation 140 91 189 0.07
Solar power with hydrogen storage, high cost scenario, high coal price Power generation 202 131 272 0.03
Solar power with hydrogen storage, high cost scenario, base coal price Power generation 208 135 281 0.05
Onshore wind power with hydrogen storage, high cost scenario, high coal price Power generation 214 139 289 0.02
Solar power with hydrogen storage, high cost scenario, low coal price Power generation 216 140 291 0.03
Onshore wind power with hydrogen storage, high cost scenario, base coal price Power generation 221 144 298 0.04
Onshore wind power with hydrogen storage, high cost scenario, low coal price Power generation 228 148 308 0.02
Transport
Switch aircraft to one of highest efficiency Transport 40 6 91 0.01
LNG in shipping Transport 68 21 115 0.01
Hydrogen FCEV truck, long-haul Transport 219 164 273 0.11
Marine biofuels Transport 235 215 254 0.00
Biofuels on road transport Transport 268 179 357 0.01
City Buses to electric buses Transport 299 260 324 0.07
Clean ammonia fuel-run ships Transport 319 250 393 0.02
Truck to electric, short-haul Transport 428 389 454 0.14
Truck to electric, medium-haul Transport 454 415 480 0.02
Switch to hydrogen FCE train Transport 474 232 M7 0.03
Aviation biofuels Transport 564 498 630 0.06
Gasoline vehicle to EV, urban Transport 967 720 1,226 0.34
Gasoline vehicle to EV, rural Transport 1,170 776 1,721 0.14
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Carbon
: abatement abatement abatement
Conservation carbon abatement routes Industry N | ) I abatement
price - base price - low price - high potential

Industry & industrial waste

Non-ferrous metals secondary production through scrap/recycling Industry & waste -121 -146 -97 0.23
Efficiency gains and circular economy (plastics recycling) in chemicals Industry & waste -58 -70 -46 0.09
Switch from coal to natural gas+CCUS based process in ammonia Industry & waste 39 31 47 0.04
Textiles manufacturing efficiency gains Industry & waste 45 32 59 0.40
Swicth from coal to natural gas+CCUS processes in chemicals (HVCs, methanol) Industry & waste 52 41 62 0.03
Efficiency gains and waste reduction in manufacturing processes (low cost) Industry & waste 58 41 75 0.19
Inert anodes for non-ferrous metals processing Industry & waste 68 55 82 0.03
Switch from BF-BOF (coal) to natural gas DRI-EAF (with zero carbon electricity) in ¢ Industry & waste 79 63 94 0.22
Fuel switch to biomass & waste in cement Industry & waste 81 65 97 0.35
Other industrial CCUS Industry & waste 90 60 130 0.32
Retrofit BF-BOF (coal) with charcoal/biomass furnace for fuel/feedstock in steel Industry & waste 91 73 110 0.06
Switch from BF-BOF (coal) to scrap-EAF process in steel Industry & waste 102 81 122 0.85
Swicth to electroysis hydrogen process in chemicals (HVCs, methanol) Industry & waste 127 102 153 0.13
CCUS in cement Industry & waste 130 104 156 0.70
Non-ferrous metals CCUS Industry & waste 140 98 182 0.12
Electrification of heat in industrial processes Industry & waste 145 75 345 0.39
Efficiency gains and waste reduction in manufacturing processes (medium cost) Industry & waste 170 119 221 0.19
Switch to electrolysis hydrogen process in ammonia Industry & waste 205 123 287 0.07
Switch from BF-BOF (coal) to hydrogen DRI-EAF process in steel Industry & waste 220 176 264 0.85
Efficiency gains and waste reduction in manufacturing processes (high cost) Industry & waste 350 245 455 0.19
Reducing clinker to cement in cement process Industry & waste 363 290 435 0.10
Switch to biogas/biomass fuel and feedstock in ammonia Industry & waste 427 341 512 0.03
Swicth to biogas/biomass for fuel and feedstock in chemicals (HVCs, methanol) Industry & waste 523 419 628 0.18
Buildings

LED and increased efficiency, commercial buildings Buildings =77 -96 -58 0.03
LED and increased efficiency, residential Buildings -67 -83 -50 0.05
Insulation (cavity and wall), commercial buildings Buildings -58 -72 -43 0.02
Insulation (cavity and wall), new build Buildings -50 -63 -38 0.02
HVAC Systems/thermostat & smart meters efficiency gains, commercial buildings Buildings -48 -60 -36 0.01
HVAC Systems/thermostat & smart meters efficiency gains, new builds Buildings -42 -52 -31 0.01
HVAC Systems/thermostat & smart meters efficiency gains, retrofit Buildings -32 -40 -24 0.01
Insulation (cavity and wall), retrofit Buildings -20 -25 -15 0.02
Solar thermal renewable heat, commercial buildings Buildings 38 29 48 0.01
Solar thermal renewable heat Buildings 45 34 56 0.10
BACS systems/efficiency gains/BAT appliances residential Buildings 159 120 199 0.11
BACS systems/efficiency gains/BAT appliances commercial Buildings 183 138 229 0.02
Switch from coal boiler to natural gas boiler, retrofit Buildings 232 174 290 0.04
Switch from coal boiler to natural gas boiler, commercial buildings Buildings 239 179 299 0.02
Switch from coal boiler to natural gas boiler, new build Buildings 281 211 352 0.02
Heat pumps for water heating (ground source), commercial buildings Buildings 317 238 396 0.00
Heat pumps for water heating (ground source) Buildings 373 280 466 0.00
Switch from coal boiler to hydrogen boiler, commercial buildings Buildings 497 373 622 0.05
Switch from coal boiler to heat pump (renewabe electricity), commercial buildings Buildings 538 404 673 0.03
Switch from coal boiler to hydrogen boiler, new build Buildings 585 439 731 0.05
Switch from coal boiler to hydrogen boiler, retrofit Buildings 593 444 741 0.10
Switch from coal boiler to heat pump (renewabe electricity), new build Buildings 633 475 791 0.03
Switch from coal boiler to heat pump (renewabe electricity), retrofit Buildings 749 562 936 0.02
Agriculture, Forestry and Other Land uses (AFOLU)

Fire & disaster improved mannagement practices Agriculture, forestry & other land uses 10 6 14 0.04
Reduced soil erosion, salinization and compaction Agriculture, forestry & other land uses 35 21 49 0.34
Improved cropland management practices Agriculture, forestry & other land uses 42 25 59 0.10
Improved grazing land management practices Agriculture, forestry & other land uses 58 35 81 0.02
Improved livestock management practices Agriculture, forestry & other land uses 120 72 168 0.25
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