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! HeJ, Zhang X, Li Z, et al. Comprehensive Report on China's Long-Term Low-Carbon Development Strategies
and Pathways[J]. Chinese Journal of Population Resources and Environment. 2020, 18(4): 263—295.
DOI:10.1016/j.cjpre.2021.04.004.

2 Harvard-Tsinghua Joint Statement on Carbon-Neutrality Pathways for China and the United States. Harvard
Kennedy School Belfer Center. January 2022.
https://www.belfercenter.org/publication/harvard-tsinghua-joint-statement-carbon-neutrality-pathways-chin
a-and-united-states
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L Eby NS SR = e oER IRV A E % NI SO HHE e ot b RUN IR VRV S AT B R = S
2016 FLRAK, EERERBEIRBOARN K 5omia A HUR Bk 2 PR OB Y, FRIEREET] 7.6%
(LNED. SHRE, DHAFFET SH SRRSO A 5%, 2021 4, Jb3e. RRH.
HA, whE. ORI B, P EE T SRR EAR TR AR L L 97.5%.
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3 See https://chinaproject.harvard.edu/news/hcp-research-briefs-non-specialists
4 |EA, 2021. Net zero by 2050: a roadmap for the global energy sector.
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SKVH: Energy Technology RD&D Budgets (IEA, 2023 edition), ICCSD %K
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R JLVFEA LR . H 2012 FFLOK, ABRIGEREAR L FIZ T AL RE BRI 7 2635 5 FH BORFIE
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FEE BRERER]E T, KRE 78% 0 A AARAER B T =AE brblly, BIEFRARHEA LY (150D,
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S EHU LA 2 (ASMED.

HeAh, AERGIET AR AR T BE U k. fEARRN 120 M HERX Y, f 98
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S AR, 5 HARRE, ovsk LR USR5 R TAA E L BRSOk KRR, T8

5 ZhangF, Gallagher K S, Myslikova Z, et al. From fossil to low carbon: The evolution of global public energy
innovation[M/OL]//Wiley Interdisciplinary Reviews: Climate Change. (2021). DOI:10.1002/wcc.734.

6 Rivera Ledn, L., Bergquist, K., Wunsch-Vincent, S. A., Xu, N., & Fushim, K. 2023. Measuring Innovation in
Energy Technologies: Green Patents As Captured by WIPQ’s IPC Green Inventory. SSRN Electronic Journal.
https://doi.org/10.2139/ssrn.4429912

7 World Intellectual Property Organization (WIPO). 2023. World Intellectual Property Indicators 2023.
https://doi.org/10.34667/TIND.48541

8 European Patent Office (EPO) & International Energy Agency (IEA). 2021. Patents and the energy transition.
Paris. https://www.iea.org/reports/innovation-in-batteries-and-electricity-storage
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Cross-cutting

Legend
Energy system overview Technology deep dives Infrastructure deep dives
Energy efficiency Bioenergy Innovation Direct air capture ® CO; transport & storage . Green:
® Behavioural changes Hydrogen Digitalisation @ Bioenergy with carbon capture & storage Data centres & transmission networks On track
Electrification @ Carbon capture International CO; capture & utilisation @ District heating
Renewables & storage collaboration Electrolysers Yellow:
More efforts
Electricity astructurs desp ® Qil & natural gas supply | | ® Low-emission fuel supply needed
Technology deep dives dives Subsectors Subsectors . R e d .
@ Coal-fired electricity Hydro Grid-scale storage ® Methane emissions from oil @ Biofuels supply :
Gas-fired electricity Nuclear Smart grids and gas operations Not on track
@ Solar PV Demand ® Flaring
wind response
® Transport ® Industry ® Buildings
Subsectors Technology deep dive Subsectors Subsectors Technology deep dives
Cars and vans ® Electric vehicles ® Steel @ Aluminium Heating @ Buildings envelope
@ Trucks and buses ® Chemicals ® Paper Space cooling Heat pumps
Rail ® Cement Light industry ® Lighting
@ Aviation Appliance & equipment
@ International shipping

22 1A B T IR B A
YR IEA, 2023. Tracking Clean Energy Progress 2023.

9 ELSEVIER’S ANALYTICAL SERVICES. Pathways to Net Zero: The Impact of Clean Energy Research[R/OL]. (2021).
https://www.elsevier.com/__data/assets/pdf_file/0006/1214979/net-zero-2021.pdf.

10 |EA, 2023. Tracking Clean Energy Progress 2023. Paris.
https://www.iea.org/reports/tracking-clean-energy-progress-2023#overview
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{ERIERL CCUS SRR &7 CO2 HE. T3 —Fh 5152 5 IR EAUREL, 5 LI B AR AR B AR AR AR L T
T BARERIRSE . RSN, TEACKININEEAE AT ISR BCOUE, BT HOR AR TR L, B
FABE A I A AR 2 IEAE TR 122

FESR BEBERR IS, AR 4R 82 T P Rk DT, (B i RO ) SRR BOR IEAE D
HAlf 30 ZMEK MG 7 RERFMNERE, 2021 FERIEREE OS5 B SEREBE T I 10%,
2022 5 E 11%. AR E PRAEVE RSB TS =, B 2030 4F, ERRIACRA BRI INLNE, =
D A2 A BRAEIR R KA 20%. PRI, EESCHLIX — His, &R DRSS EOR A,

(1) RERFHEBRBK

FRSRUHR 1A R B RE R A T HE I o 56 ] 4 iR = UMCHRION 13%.. & RAH 11107 K
FER 70 BN R R GE AL AR ORI, RIR T BRI 50%, DS AN =702 —,
FORIREHIA . PIbes RS T S ECEUN . ASF X R SR BEYR 22 S UK, B X A e
HET, WAEWAER =02 o PR X RN AR RS, RS B 2 =
PEFRAZR AL A R SRR YR, RAR R B — . FEARFIE, PR CAL MO IR 77 .

11 |EA, 2023. Energy system/ Buildings/Heating. https://www.iea.org/energy-system/buildings/heating

12 The Royal Society, 2021. Low-carbon heating and cooling: what science and technology can do to tackle
the world’s largest source of carbon emissions. https://royalsociety.org/climate-science-solution

13 |EA. 2023.Tracking Clean Energy Progress 2023. Paris.
https://www.iea.org/reports/tracking-clean-energy-progress-2023#overview
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- RHEBAARIE, WERBEYIBRE, H72 A BA AR

14 U.S. Energy Information Administration. 2023. Highlights for space heating in U.S. homes by state, 2020.
https://www.eia.gov/consumption/residential/data/2020/state/pdf/State%20Space%20Heating.pdf

15 FACT SHEET: One Year In, President Biden’s Inflation Reduction Act is Driving Historic Climate Action and
Investing in America to Create Good Paying Jobs and Reduce Costs. White House. August 16,2023.
Https://www.whitehouse.gov/briefing-room/statements-releases/2023/08/16/fact-sheet-one-year-in-preside
nt-bidens-inflation-reduction-act-is-driving-historic-climate-action-and-investing-in-america-to-create-good-pa
ying-jobs-and-reduce-costs/

16 Larson Eric, Chris Greig, Jesse Jenkins, Erin Mayfield, Andrew Pascale, Chuan Zhang, Joshua Drossman, et al.
2021. “Net-Zero America: Potential Pathways, Infrastructure, and Impacts.”
https://netzeroamerica.princeton.edu.

17 Daniel Schrag. 2022. Challenges to electrification of heating in the Northern U.S. Harvard-Tsinghua
Workshop on Heating and Cooling Buildings in a low-carbon world. May 24, 2022. (Bl¥ kR
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677 15 A RIEAAREIRI R LM T, HUGR RIR SRR ). FARRE, R &5 Oz e
1) 58%, RIRT i 14%, HEVIFRE S 15%, HEES 8%, M. TMVARFAFIHAR R FHA GEIE 5 5%,
TR I APRIEE B f 2 fp i LR PRI AL 7 e R g A Y DA BT oy v S L X A — S I A
ok, KRBT N FE L EE R N T, W WARIE TR KA, MRS, tsh, b
G 5 RO K AR T AERE IR, 2020 I TE K FE N 42.6 Ji A B2,

o (R B R AL T RS SR T AR T 2006 4F o [ X ABVR R T 2007 AE R AT (BRI “ A — T
FRXRID 48 Ao A R P AR N B T R, DLRGHT R R F B Y e b . 2013 AR R AN (REVEK B
“HRT MR BRI RRINRIAABEE. RIS, 2017 FRAMM (RRIEAKRE ‘=17

18 State of Massachusetts. 2023. “Massachusetts Climate Report Card — Power Decarbonization.”
https://www.mass.gov/info-details/massachusetts-climate-report-card-power-decarbonization
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5 AR 7 AL, BRI HLAAT BRI IC S 2RI SRR A AR, OISR
WP BERR AR 82% HLAIBERR AR 1) 20 % MR IR TR A 35%23, BLAh, AR LA n] %
YRGS, T R A N REAR KSR TH AR o AEREUR AR 48 P ARG R 2K R I S A A e
71, ATUAR BRI A T A RGNS R, OGN ] B R] AR R IR LN R S Aa e
HORI P, PR TR 28I RSB R %L .

TR EE RN, KRR [ AR AL X R AL L P B A4 A DR, JF HoSRif T RE
I8 ZR GBI RIS 2525 25 JE S AN AR GER 6 Bk o PRI MLZH B AR S DI ¥ LR
MISCHEEOAR, My S B AT AT A0 628 FEROARGE T X HRBRALA R ICANR] (¥ Ak 227 50T g
S REP E A X BEIR Y B R ZE S o SUVE R RBREIE 0t HE 4T L4 T DORE 50 7R R A
fRZ 16%, 1M SCVFHT MR RE At S0t T DASE BV HE R RRAS T2 20%.. PRI, AR ZRIE LX) HL AV
BARGHEAE 30 N SEIR A, (BT b BRSO, I HLH AT (R A Bt
ek, IXRT A BRI AR B A . 40K, LA AR Rl ) I 2 e BN CCs it »
PAORTF 5 /i == SR HEBORMie 2t AT Fr SR EVR N H A Al— 2. i@ i HEr G Rt R g iel, 7R
Al DX AT R AR AR 1 BE IR AR GEAE ARAGER A T RESE LA o

RERAET HE R+ B1E
[ e R BRI RAE T SN TE, 2022 SR 1 2ERE 40% I, [E N 1T &
T—AGRE. FEPEALT, Sh AR e WA BERR AR D5 585 ERFFBONIRAN

2 BIRHEEOR IR KT RSN E R IEAT . Rimya G AR, SR 2 FhiG Yed i sk b 5] B B 45
FRAGEA, AL HRTTG R HBR B AR S RSNV H AR, BIMEA . i ZE R
W GRS EE 6%) 20 A#E 10 mg/m® . 35 mg/m* . 50 mg/m* (H I {EFrifE H) 2053-2018)
22 7Zheng, W., Zhang, Y., Xia, J., Jiang Y. “Cleaner heating in Northern China: potentials and regional balances.”
Resources, Conservation and Recycling, Vol. 160, September 2020, p.104897. doi:
10.1016/j.resconrec.2020.104897.

2 VR, BEBE. LR E R AERATT U A B (0], RIS, 2019, 2:23-24.
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Wl AT AT 50%, B TEE B IR EIA F] 2000-3000 2K, H2 BT A E S, AT LA T IX 38
et X gt oh2e, geht, IR IHI B E T DAt — 5Tt . R SR HE R G AR
i, AR BERIERHEE 1, ARR T EEN SR BRI BRI R .

Hh S 9 R S SR o A ) 2 B A T b LD S B K R S rh R, i SRR 2K 2 ot X
K2 AR ST . AT, £E25 RS SRR T I, SEE B 25 G I BARTT BBV E 4%,
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MR, CGEARHIBGES) 5t 7B A RN, AT LA 5-30% I 51T e uE 5 AL
A o o BT AR AR T SRR RO B BT SAAET R 2 v, IR AR AL DX PR IR P Bk 75 58 C 9 IR X
THAE R B T A O A RIB MLZL PHEIR A AR SEBLI 5 ik e 2 GrER T AT HoR . BARAR L
DX AR & RS EAE 30 SENSEIURRTT AN, (EYA 0 ZEOR B AR 20 FA R IR SR LA T,
TXAT LA BRI AR AR R A . FEHE) IR BERR BRI, P AT I 5 vt A [Pk, 7 22
3 B ARFNBCR R AR BAR IR -

3.2 AT A RRTERIE

B M HABUR T 2017 R AT2BRE — A B X B AREAMS LR, BE 2023 £ 7 7, KATEREK
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WA, KRET T HAREHHIE (RE0. ARKNNHFE% /N, REITEBRTLR
AERHESUR B Tk IR AAGE . BRESREIAIA R A TR A . ISR, X

24 |EA (2023), Global heat pump sales continue double-digit growth, IEA, Paris.
https://www.iea.org/commentaries/global-heat-pump-sales-continue-double-digit-growth, License: CC BY 4.0

2 JEERFEFUT R T, E U REE B AT STk A 2021 Jb Rt rh E T b H Rk, 2021,
% S WA .
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2022 FERIRETTRAN 9500 SN, AER EER B TR BEHRIE (W FED. EEE
FeE R R 1%, 5G4 14.8%MA KB ANATILE A, HAR 84.3%1 )/ FK
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TSR, 2022 FAFREATFREL 2021 KT 3%, 450 E/S T RAIIRSE 78 Tl 45t
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HHAE 2 IS R0 NI ZE P i JE Al SO R A , 228 2022 4RI A BRHL R RGN LA B 4009 700MW,
TEIZINEG 294 1070 BE, AERZG IS 4600 2 BIEA A EEEIZIT. AT, HTUEE
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K31 SERRARAESFR (2022)
K5 IEA, 2023.

FEF R H PSS A O ST 3 54, N 2022 45 HE 2023 4E1 A, CEAMANIE
Bef R T HiA S 1046 1, RAIEK T 35%, M 2400 1ZE 0 INF] 3200 123E 70, « KL K003
TH EFTABER R TN, 297 20% 538 G <. GW HIFERAETHA 112 1,

27 |EA ,2023. Global Hydrogen Review 2023. IEA, Paris.
https://iea.blob.core.windows.net/assets/ecdfc3bb-d212-4a4c-9ff7-6ce5ble19cef/GlobalHydrogenReview202
3.pdf

28 China Hydrogen Association. 2021. Report on hydrogen and fuel cell development in China (2021).

29 U.S. National Clean Hydrogen Strategy and Roadmap, 2023.

30 |EA, 2023. Hydrogen, https://www.iea.org/energy-system/low-emission-fuels/hydrogen
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(1) RRERIGEET SHNARF

EERARBR T AR 2 B3 BRI I REIR LR . A2 R 26 R o e b KA nd S RE A 2R L
ARG JRITIE 7RSI IE, WONE BRI G BEUA AT 330 R SENZR LT KRR T, SRR
WO R P H AR R SRR DR SR g (1) AT AR REVRBTIR LI (20 WOKBRIREIR; (3) LAl
Bt BIE T WIFUAIRERY], KE L I KA KA SOy R EREREH LS4, Ryix £ F 5
HAG Al FAE BRI K BN B el B2k P o v B BRI n] AR R, (RS2 BIK B
Vo AR ALIETRORR ], AELUKE N O SREIRAT W] REAE A BRER A RE AN (EHE P Rl H e 22 A4
i, ARAAHR 7 U R R RS BT T R SRS AN Bk iE I  IRYT T s
ARt 5t ¥ K% J3E 5 T P 2.

FELR G B R AL A TR I G, W EUARE R SCH BT ANl iR 2R F =AM b Rl
PRI BUA DAL AP FUBERIKT L B Ao, 00N B A2 AR R SR Tl A ] BE A 1)
YER . o HTaR B, SR A A MV S vh i) 005 A AR A BRVE A A ANy . BB A BRVE T AL RE
AP M U I A S, R A L LT U D EAEE D E L RS SRR
Hh [ FE SR A R Tl N T AT e A T4 s Ay, GBI B A A e A0 LS A B S, O R
RERAL TRV E , FFAEZR S R AR A 55 MV ] o AL T4 S A o oA B IR =R = A1 5K
SR P EPAZR L, R AT E A BT TG, IS O T A 5 B S < b R T B 4 AR

31 Hydrogen Council, McKinsey & Company. Hydrogen Insights 2023.
https://hydrogencouncil.com/zh/hydrogen-insights-2023/

32 |EA, 2023. Hydrogen, https://www.iea.org/energy-system/low-emission-fuels/hydrogen

33 De Blasio, Nicola, Fridolin Pflugmann, Henry Lee, Charles Hua, Alejandro Nufiez-Jimenez and Phoebe Fallon.
“Mission Hydrogen: Accelerating the Transition to a Low Carbon Economy.” Edited by Nicola De Blasio. Belfer
Center for Science and International Affairs, Harvard Kennedy School, October 29, 2021.

34 Eicke, Laima and Nicola De Blasio. “The Future of Green Hydrogen Value Chains: Geopolitical and Market
Implications in the Industrial Sector.” Belfer Center for Science and International Affairs, Harvard Kennedy
School, October 5, 2022. https://nrs.harvard.edu/URN-3:HUL.INSTREPOS:37373343
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B Frontrunners Upgraders B Green Hydrogen Importers M Green Hydrogen Exporters Bystanders

P 3-2 2% FE I UM T N H J5 B A BRER S AN T 4% =)
e SER TN RS T AR RGN = MT k.
SKVR: Laima Eicke, Nicola De Blasio. Green hydrogen value chains in the industrial sector—Geopolitical
and market implications, Energy Research & Social Science, Volume 93, 2022, 102847,
https://doi.org/10.1016/j.erss.2022.102847.

(2) RESRRRESBUK
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SRR 7 ARK 10 FEBEFHARTEHIRIEHESS . PEAHSBUR DAL (A B0 430 9% Mg i
Z0 CBIKHIBER) FWEBORR T, EEOCEBCAERR T L, FMANARK T H @
i FoAh [ 5K
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WAL o 2RI T AR SRR SOMIBT AL, JRIR W T — AU A% 1 i SRR 5 B AR 1HE( carbon
intensity < 2 kgCO2e/kgH2, on site), LM% 2026 S HIE R AS2/kgH2 (A H bR, JEEE
RS2 T84 BAREORTT 5 B SCRR B BAS R SEFEIOM], P vl A e fl e [ a2

35 U.S. National Clean Hydrogen Strategy and Roadmap, 2023.
https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/us-national-clean-hydrogen-strategy-
roadmap.pdf
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S

(3) PHEHARKRESBUR

e R EE — R A A 2 E, 2021 A EZ 3300 . BEAh, ELEZ HLARK
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., BUDVERRREME Y . ATEE SR AR SR, FrE T H 32 B T AR ST A kA
.

TR UL AN 2835 L 1 AN B A TG S /75 Rl T AR BE R Sl R G BRI i TR IR T
AATSRERA CREARGIREIED i E T KA, P S E AT LLAH] 60 o AR i/kgHy, 2
AR EURAR I RNE 2-3 538, ARIEHERIEAT O RIF SR B A i A X IR 3 5%
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36 U.S. National Clean Hydrogen Strategy and Roadmap, 2023.
https://www.hydrogen.energy.gov/docs/hydrogenprogramlibraries/pdfs/us-national-clean-hydrogen-strategy-
roadmap.pdf

37 R E SRS R R A BT R TG B 2021, (2020 HEEUAE SR I P R R AR ) B b RN R
g T AREIE R AR R bt AR B RCH:.
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RECRE, HEJE T AR BRI RE K. 2014 FRAH) CREERHLAQIENRIE) &, Bk
K “ARE SRR AE Y REVRIH BN 5 ) 2019 SE i RBURF E R R e A BE S N (BUN L
PER Y. 2022 FH G M CERE™ KRR (2021-2035 )Y, 48 HAURE & KRR E K AR 14
RIS 73« FH BE 2 v S 2t C (I 2 TR P B Sl L RS M M A R SR = b ) T 1
SRR S TR P S A B SR ERE R R H AR : B 2025 4, FEAEIEZOREA
Mg T, PRI ERORE EL 5 J3, w4 REIRH S RIA T 10-20 JIM/4, SEHL ALK
JHE 100-200 J5 /4 2030 SR BN TE 4 I ZURE P ML B R BIFT R 2« i RETR I SR B RAR &R
2035 £FA] AR e ) 2 AE 28 S BERIH 2% b A L 2 B R 5RO

HETHRBUG C2 M & KY) 50 T ERERRINECR, EEAURRSIR . St BoRR,
AT ARG AR ORIV R ARHER SR T AN BT SRR, R
MRV B T T DASRASE S DU AR S RF,  H BT QAT s yusbk i N I, IS5k i
HERIAMUG e 81_EFR L0 17 1278

W BUN RN FER R AR, A 2022 I, O 21 ME K 69 AT AR KK
JeH bR, ZAETHEL 7AHR R SREAMEBCSE . AT 7R EHE 39 AMETTH 122 frBUERSC
i, RBUET  A EURER JE  f RAT S, A R R R BCR SCREN I A BRI LB, A
(e B QHTAT Y AR RS e Y B 5 FEA )y T A4 1 QB o ORI, ST V2 T 0 SR 00 BT 2 i
B, WA —PRIRATIAG SRR BRI, N TR SHRE, T E

3 [E EURE SRR L AET BRI B . 2021, (2020 H EIARE SIRRL I AL R RS ) -k R
R R R AR R, bR AR H IR RAE.

O BHERESSERNS, ERRIR.2022. 5068 R KR (2021-2035).

KKk, BREL (2022). Z oAU AR REKEDERE L TR SR AR, b E REVE, 2022 4EER 9 ).
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T 254 R EE S U 5] A iE s A R e .

SRAELE R ST TH O 2 R R BA RS, (H2th EER R R IAH IS 2 DMK, X5
P AL P R S A AR K SR Rkl KOG B E A A0 5 U RETH 0 rh O AR E XA 7, 7R 2E
91 25 | R 43 A7 DL S At i S B At S0 R AT S o > 0 B0 3 T SR T i S AE A8 T8 A P L
T MV AT R SR P AN, BUA A RRBUR 1K B H AR AR IR AR B R A — 3. . Bk
B, N TIEEEMSGE R RIBER SR B R, 5 B SRR ZE I b =5 E bR & VRS
£
£H: @@ TAT R T A by & R AT R A AR S A %2

2020 FF B TAT k69 HE BB A A 2 E AN E Z4 134% L F . ARAELHFHL, 5%
R ARFEADNRKERXTFGF R AT, K30 A ToaE, o d ZABRF R YT, 2%
AR BT LB aIAZT RIFETZOERA. RATRGEAH# S LA BEEFTAEE, Mt DA
F (R RREF) SERERMBEA RN EN, “HERERIEAHL” (Green flexible chemical
electrification, GFCE) T A ik —xEM ., MB KL kA, B3R RBTAMBEEZ 5 F 2
B 69 -, LT F B A et AR AR A VR T B AR LS, UAREZREETNE
iAo L HA R AL TR FIRZ AL HE R EHRS,

£ H R K35 XK, GFCE &ALt CCS HAL-FELHBIRA LZARY, £AAFEFd758
GFCE £ZH AT R A, CCS RN AEE ) SN TABKEMER, 2R R EL T > Litasi
KW A A TAT LR R ALK, e RIRA S MALA 6935, FRAA—LE D KEF ELZTITE, #
T ALl . T HEA— R R, AN E BH T MBORE L F. EANEFsk 2 L FBORZ T Bt
BIAN R AT R L F 6y,

S IRA S 2R R S P L v SR R T W (1) [ L A A L BOR MR S A pled s A7 v AR
BRZ MR SRR BN AL o DAL, 2 R O AR AL B0 PR A R 2 [, SR ) 435 ft AR AR A L
SCRAFER MRS, IESRFINAL; SCRPUEALA ™ QUG T2 F SRAAMNUTE 9% SCRp LAl it
B TR PR GRS . SEE MU A G CLe B 3E R ) 1 s il A BB AN ™, (R 75 B R A 3
GBI .

LS, AT S 07 T DA B R W BRI RAN S, o ENERBERTsh = R24u0%m H
RS EAL o AR PP E A ERN O E N ERENTY, RSO A S AE Dol s
FIRTE SR o X T SR, 7527 [ B i Bt R R A0 B R BR T AN eV R G AL Y

42 peng, Y., & Bai, X. (2022). Cities leading hydrogen energy development: the pledges and strategies of 39
Chinese cities. npj Urban Sustainability, 2(1), 22. https://doi.org/10.1038/s42949-022-00067-9

4 i, J.R, LinJ., Wang, J.X., Lu, X., Nielsen, C.P., McElroy, M.B., Song, Y.H., Song, J., Lyu, S.F., Yu, M.K., Wu, S.R.,
Yu, Z.P. In review (2024). Redesigning Electrification of China’s Chemical Industry to Mitigate Carbon and
Security Impacts on the Power System. Nature Energy.

4 Qiu Y.W et al. 2023. Research Status of Green Hydrogen-Based Chemical Engineering Technology and
Prospect of Key Supporting Technologies for Large-Scale Utilization of New Energies[J/OL]. Proceedings of the
CSEE: 1-20 (in Chinese). https://doi.org/10.13334/j.0258-8013.pcsee.230233.
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TN ERTE RS AR, AR AR H AR SR RE IR R B A R — B, RS i
AW SAREVAE, PURIE T dh i EPR5e 4 77

3.3 BRESEN A 537

2022 FLAKA IR €CS HORM A E IS B Ok e . AU 2023 4 7 ] 31 H, &IRC&LE A
CCS Tl H # &= iA % 392 4, Hh 41 MHHTEIZE (4900 /il CO2/4F), 26 NMHTEEE, 325 4ANTiH
AEAEFF R B B o A ARAX BE 5T H HREOS ITTR 5™ (K15, TiTh 2030 fE /2 A iR e K i 3.6 {2l co2/
TS MTIRE, LB REAER S/ MR RISAEEL. KIENIIE ccs @i % AT,
IR N BT AIRIE (DAC) IEFEZESH (GCCSI, 2023) 40, 4l i & g K
RAAE CO2 isfmMBHAFFERE BOMEIA T . 2022 FFFT B AT CO2 FFf#A Bk 2.1 2, EE 2021 3G
T 1.1 A4S, ces T H AR MRS AL & Rk, AR I 140 4> cous XA fE R, HEMEAE T

02 IZfANEAE” X —FiAT A e

R MET AR RIR R ceus BRI E R B H S 45 A0, (HEFRHE ST, 460
FERe SR S N R MIAE ERZE R . AR N R BRHRBUER R AN G50, o A58 [ 2
5 B AR TR BRI A RLH CCS HAR o AR A R TR~ 356 [ v T HF s H A 9T, B 2050 4,
FEEEE ceus LBl EHRIT R I EACBRIT R BB 9-17 1240 cO2%° o S ALAERR b
B A R 45 SRR B, B 2060 HE P 1) CCUS HAREBAH A AL 10-25 1201 CO5 52 53, 7
2023 4 11 Ao ERRBENEE ) ST maEaERT S EEHLMBE a2 2 B ) o, & A P R
% B 2D A Tl A REIRZE40IE, ccus KB A 1ETI H .

45 Global CCS Institute (GCCSI), 2023. Global status of CCS 2023: scaling up through 2030.

° ZEERIA b

47 Fajarday M., Greenfield C., Moore R., 2023. How new business models are boosting momentum on CCUS.
IEA Commentary, March 24, 2023.
https://www.iea.org/commentaries/how-new-business-models-are-boosting-momentum-on-ccus

® ZEERIA L

° ZE R L

50 Larson Eric, Chris Greig, Jesse Jenkins, Erin Mayfield, Andrew Pascale, Chuan Zhang, Joshua Drossman, et al.
2021. “Net-Zero America: Potential Pathways, Infrastructure, and Impacts.”
https://netzeroamerica.princeton.edu.

UL BRESYE T & B S 1EZHZ. 2021 4E. T [E 2060 4 Hi K AR ST 4R .

S2 5k AT R, B P, TR A5 Bk R H AR TR IR AR R 42 e B B AT S5 ORI 9T 0] B A

5t,2022,38(01):35- 66 DOI:10.19744/j.cnki.11-1235/f.2022.0005.

$3oakWE. MR, B4, PHE A IIEER A S EAE (ccus) FEEHRY (2023) L2023, FE 21
WHE B AL, 23R E S Ak, HHERE.

54 U.S. Department of State, 2023. Sunnylands Statement on Enhancing Cooperation to Address the Climate
Crisis. https://www.state.gov/sunnylands-statement-on-enhancing-cooperation-to-address-the-climate-crisis/
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(1) =H ccus BAR#EESBUR

FE AR B K. PN, EEES co2 HAFHE /1 2.6-22 Jife cO2 (“h%” 1
s 8.3 JIALME COy) 5. AEZ FTHIWEFTH, Madh Ko2H Je il o e BB s 1 7 3¢ [ 2 ccus
(AR Z KIAREDA LT AL, B anmT AR = H ) R AT R, K IR — Sl e 7 T g Bl ol
R, S CS5AEYIER . (BECCS) MG AR FHER”, LK SEILEE TR IR A <A
S50, N CO2 VEN S LT A4 I A7 LABR R (Enhanced oil recovery, EOR) {3942 — NI
FIRLF, BRI R A R A e IS N S SCAS i SR M 847 1R A7

TEBGE BT, WK el 2= B BRI, “ i RBORFIAH X & 6E, AHLE
e Al L IS NS ROt T SRR O AL =, EARSRI LR, AT RASEI A AR Y DX A 4
[ BB LR, “58. N T gn s A i S SRR I GG IR S A, Cald 1 LIBOR.. B,
CGEIAIREZRY (RAY Inag T (ERFGE) 28 45Q & i S A Bt — 1l &
WG T 70%-260% CRT &M@, FHFRICT Rk E R RS T I, £ 3-1 Mk T
(e TEES) A CEIKHIES) Tirkn 45 Bk ett.

3-1 (PISETNESR) A GEAKAIEEZ) T 45Q Bk %

T H 24 45Q Bl (SEoT/m)
o [N = A7 S G Q< [ AR S < (1 eyl 1 )
£ 77 =0 Cco2 K&
(2018) (2022) 3
F& 5 AT R R
$35/Mf; $60/1 +71%
VAT H, it (EOR)
it $50/Mili $85 /Il +70%
‘ P TR R
H %A E $35/Mli $130/0; +271%
(EOR)
(DAC)
e $50//1ii $180/M; +260%

K8 (1) Inflation Reduction Act of 2022 (H.R. 5376), § § 13104,13801; (2) Clara Galeazzi, Grace Lam,

John P. Holdren, 2023.

55 Clara Galeazzi, Grace Lam, John P. Holdren, 2023. Carbon capture, utilization, and storage: CO» transport
costs and network infrastructure considerations for a net-zero United States. Belfer Center for Science and
International Affairs.

6 ZFECERIA .

57 USGS, 2023. “Using Petroleum Reservoirs to Store Carbon.”
https://www.usgs.gov/news/featured-story/using-petroleum-reservoirs-store-carbon

58 Clara Galeazzi, Grace Lam, John P. Holdren, 2023. Carbon capture, utilization, and storage: CO2 transport
costs and network infrastructure considerations for a net-zero United States. Belfer Center for Science and
International Affairs.

* B CHRA L.
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fE CCUS BUfH, 2% & Ak iis i) et it . % 2018 4, EEIMA 5012 JEH
(8,066 ~HL) M SAMBRMEMEE, HA KM T ReaimRieE (EOR). X —HF 5 Irf
JERIRS A IB I 2% 4470, (HIVEIE N 1 LOEN, CCUS VIR & R A2 H T 2 AN EF MV a 2R
filtgn, RIS INARN LA ST, A L2 A fef 2208 30 2 XVE Al HAZ A
e, T NIRREEPRAY, 2021 F (EEACER BT AELIESR) (BIL MG 7 2 Hedt co2 Hb)
W 5K (26K, Bl “co2 JERb A S malELSR “o2.

124 B AR T Z BT S, (HEE M ccus KB IEAR S RBkik. & HR
A MBS AR, (2 CCUS BORTE R Z 8N T3R8k Z 2 55 38 4 1182 3R i A iR WU (EORD
JS2 AT AR 43 4iK9H ccus T H oA, (BTN 558 B 2 EOR (R W AT 14, b4k, XF ccus 5F
M2 MR, HAl s FERAEA ccus Kbt tba BRI, F HAE EOR N MIE LT
A X T R B AR AT M, (ST SE R A AR CCUS R, HBUR

E A=A,
(2) FH ccus BRI B EBUSE

HE IS EAE A BN 1.2-4.1 JJACHE, HARAI R (6954 ZmE) . HEHRZH (5528 A4HE)
HUEN RS 2 (4906 fZmi) = KBl a7 XI5 s A B —1%5. F 2020 45 9 H 42 W%
HbrLk, mE#E. £, MRIEHFZE ceus 7mumiiH B 42 AMRERE 2 100 A, Hdiz—F5iH
CLEHr=, o2 fitERe Il 400 Jimi/4E, ZUNAEBRCURTHIAERE I 8%; CO, {ENRE I 200
JiWi/AE . HAETHE ccus I HIR R . ARt KV RERZEZ AT, Hodr, AT
7R yET H IS 20 4N, HrEE cCus FERE. RIEMES X ccus BEfFIiH . EARHIIX ccus & RF I H 457
WAERET H L IEE B &

LrEERE, BEE CCUS BUARMBELFURIET H HERE, (RS (RREFERH — AR AR
ST R SRS, 1E A& E A VoRIEEE . CCUS RIET H IEIZ P B —FRT IR R i
BRI Z TS SIS, SRRy K. NSRRI Z . £ co2 fMikJrim,

60 Clara Galeazzi, Grace Lam, John P. Holdren, 2023. Carbon capture, utilization, and storage: CO2 transport
costs and network infrastructure considerations for a net-zero United States. Belfer Center for Science and
International Affairs.

8 ZEHRIA L.

82 ZEHRIA L.

53 Moch, Jonathan M., Xue, William, & John P. Holdren. 2022. Carbon Capture, Utilization, and Storage:
Technologies and Costs in the U.S. Context. Belfer Center for Science and International Affairs.

8 ZEHRIA L.

65 Zxfdiig; Ay kW, PHE EMEEERHSEAF (ccus) Y (2021) - E ccus BRI
2021.

o gk, M. B4, PHE _SENBRHEMNH S (ccus) FRERE (2023) 2023, H1E 21 4
WHE B AL, IRl E S b, HHERE.
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O\ B EZE AN N TR RS SR AR 38 O R i ML AL S, = 287 F T RUE 10 J5 /47 LA R 1) CO2 #iike7.
£ CO2 iz O A ST T — L TR, MRE H I A e SR ST B . 72 CCUS R4t
B RRAL T, FEAh CCUS 2R ALES A O M dE N L AL R R BE, 17 ) P A B A e 4 e T 22
B, R IEE AR AT, AH OGO H BT OUA 2B B

AR R R A FOGE R E , H AR F O SUE RS OR R AG R E R (EORD . il
UK AT AR CHE, (RS 25, HarE ccus <365 B 1) co2 R 77 2 AR A FH v 3=,
B0 5 AR I H AR E R 3G 0. AT I 30 AT H #E1T CO2-EOR, Hii H kAT 5 Ak FF R
B, AT E R 2R co2 AT HLTUEAF .

oh A EEL B 2060 ERRH A H AR, CCUS JRHETT KL BE 10-25 42086970, iy H i o [E I A
(IFR S RE JJ MU A 2 T AT H bR T 2060 4F 75 SR I2 0.16%-4%. S UL[FIRF, A RIS (4507
WA, AR, Aerp SRR X D B B, X DO T B B A . A AR R A
R T iSRS B AR TR SR I B R 228

SHEREME, ERRATL A, AL T8 ces M A RAR. KIEATILE KR RN 4y
)z, FRIEILILHC S A B2 AUSA AL 2. SRR 3 ceus HR s n] DLk S B %
RS TR, AR R A BT, I B BRACH ) RGBT A A . Fiih 2] 2050 4%,
CCUS FARFERRIE S TV AESUR) 28, L7G AR KIERAR, 26 AR AL H 5T I8 50%
PAE7 . NEHOE R H SRS, TEEA—ERARS, IE “ThE” dRPEET
B o
£4): TEBERERER 15 Fob/FHKE CCS ERERKFTEAR

2021 6 A, P ERRER 15 7 ok/SFHME® CCS HE B HAKTIEM B E X%, %A B 2018
FHENERE LK AE B B HE ARG AT LIRZLKH BEOR R, &M Afdi
Fiwo, ABAG A AT AR Z AWHEMEF>90%. = AR E>99% . B F £ L4
<2.4GJACO2, LAE<IOkWh/tCO2 #94 Z At S dko A BBAT AR AT, 15 Z ok CCUS X &R B B 4T
A A AR G B PR R0 B AR, 42O A 2R IK (40 £T/1CO2). 5 —A 50 77k CCUS &K%
5B A THRACEAMA] . MFAR S LF, ERATILT 35 £ACO272%,

HEBUGH & T 2R05CR cCcus BRI, QI HEA RS BB, I AIRE /)i B

7 kW, MR, B4, PECAIIEER A S EAE (ccus) FEEHRY (2023) 2023, FE 21 4
WREEE L, SRS SEAT R, HERY.

68 S ERACYE H M R R A 1E4LZH. 2021 4. 1 [E 2060 4E Hih AT SR 75 .

60 Gk R, B P, TR A5 B AT H AR T IR AR U 42 U i B B AT 5 ORI 9T 0] B A
$t,2022,38(01):35-66.001:10.19744/j.cnki.11-1235/f.2022.0005.

0 kR, B, B4, PECAIEER A S (ccus) FEEHRY (2023) L2023, FE 21
WREEE AL, SRS SEAT R, HERY.

71 Cui, Q., et al., A 150 000 t-a—1 Post-Combustion Carbon Capture and Storage Demonstration Project for
Coal-Fired Power Plants. Engineering, 2022. 14: p. 22-26.

2 ZECERIA b
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MG, AR, |2 IBORY B2 21 MR K RS, BAEEOR R KA R B A R XAt
BCIR L LR A [ 2% J2 T BE R A Bk o

TE ) ccus BUR LM TR AT, Tisk= X ccus WIH MImipHE N @B, 188 . IEML
1EEE T HEAT BAARRE . ccus BB BER AR GR . TRE. K. BIRZR & HI A% 2 .
LR E AR AR FUBAMARAL TSR, AL O 45 T 5.

FEX I BN 5 T, BRI AR N AR 301X ccus T H 5B 4R Shah Bhelil,  fx
ey L BR 7352 1000 J576HT 3000 J3TC7 74 SCRE CCUS HA g RIS BLAE Hh BN IRERAT BBk HE SO Hf
TRMEEHTFRH XK.

FEDH A A DT, HATA 13 DNBURETIZ 500 H 5T LR R, B
o TEBRES T 1A ELE], B CCus f7Afk I H B I 5 I 54T .

BARE, FE) Cceus FARREERL Wt ) A& FEATI IR Kl Ja TG o IXAABLER SR BV At
ToRVERTBL ccus RGE ML TT S AL T ki Be, MiSEE ccus BoR it ARk AL B
Be. BB NS00, CCUS HOR QL2 B BT AN AR R AR 1 EL B AL R 0, R REVRIL
AR ME— BRI L ARBRIKYE SRR T MR BE R (K T AT BORTT 5 AR STHERR A (1
FEBARF B B BRI EERSRIE HLA L) ARANVE S R BB W m oA H R i) A B R, R SR
HEZ ccus Hi s il & SR PLETH SO ISR R TT 58, HBORERL R FETT TR I AR AR & A e B ik
—IBHEI.

4. FRMESURBEREH R 5HI5 AL

4.1 REBFRBUF R I URBE R

FE R REREE R ARHSE, A BT 2007 R BE(E, 2582 NS
#2020 FERHEBCEARTIEEKCE C R 19.9%, {H/2 2021 4R 2022 43 F 1 Infe A7 eI B
AL 3.7 2. ARYEE EIR AR (EPA) HIBIE, 2022 EE[E KR B AHEE N 63.4
fZml co2e (ANE LULUCE), ZZiE. HIANTMVRT T8 E2HI0E, HESE % & 28%. 25%F1 23%,
AR (RS R RAEE) AR T HES R & & 13%F1 10%7°.

S HarE K 3 £ vtk 15 2] 2030 FAH T 2005 4E9EHE 50%, - HE 2050 F LB ZHE
UbAh, EHEH T 2030 FEHFEEHEBCGR IR 2 30% (FHELT 2020 45D Al 2035 S HLF) RGBS
Hbro (KIS ZHEBONE) o R 7 SeEl 2030 4 [ EIRAETTRR Hir, 5 T i AL 42 ) 2% e

73 RN R A 2R 1 22,2023 AR RIS HEE S B T & T H kAR CGE—HD IRIITTR BRI
MR G14, 2023,

AR AT AE EAR, R TIMEUR. 2022 FAbR T RS LR JE B A S tifa . AL &R
FEAR, LTI EUR, 2022.

75 U.S. Environmental Protection Agency. 2023. Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990—
2022.
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THARBA . GU A B IR E) 1 A 2

FEEBURE TR IR S EUS TERAL, b1 2021 R4 2022 AFHEH (Al it AN
APIEZR) M CEBUZAKHIRIEZSE), X IES A R AR 5. (CGERBER R AMESR) &
FERS 5 [ SR BEREREAT KRB R M GE , THAE 8 AR 1.2 35 T8I 5 RIS BUR *) Ak
BRI H i K5t CEARHIBGES) S THFESE 3700 143578, (H i T3 it 1) s 5 T
T, DUAETFRIBOR SR, AR BUI TR IR HIE AR BRI AL At 22 P A
RIFFEER S . BEANAIEL 7GR RIRRAIESR), R 1SR SRR B i Sh, TR S A IR AR
#2000 123670, TR EARK 10 FFAENTERE. BTSRRI EHT. Hh, %
[ [F 2 AE 2022 SEHLAE T (CREINAMEIESE), ARiEAE S E E A RARIEAZ IE 2= 10 B 4 2R B PRI AR
BALY) (HFCs) M ANE . X TAIEFR, FEGBUFRIE “1EX 40 B F, FIHBIRHE
T REVEA AL BT 40% WA 2 55 55 4 XA AR SR (A2 o ARFE RRAG BE IR A P A B B
PEPE”, #2023 42 H, RECLIEALAT 80 ZKBINBUMZ il A URBHT

SEICHT B B RS (5 A L2 51 BR BB ARE o SR1,  PRRKIRATAE, el R AR B
. BT AT RBCR™ B AR TR, BORRESE AR T IR, B B AT
AT TRIHARR P s bt o 0 jl vl P AR R ISR R IR A KV 780 AR5 25 4 Hh il i 3K 2835 5 1 S5
SRR EE AR A, RIRIBERIE AT ORI Behh, JBY)R ZmBCRIAT, AT
I3 RGN o

4.2 PEE) “1+N” SIRBURK RIFAY

2021 EHREIRAZ M EHTE K A EvTEk, 1R T RSO § T 2030 SERTIA (Y, 5%
14+ 81 2060 SEFTSCHURR PRI H bR (BURfRIAR “XUBR H bR “). b, EEIEF] 2030 4007 E A
A7 A AL 2005 4F R FE 65% DA, SRR REVR 5 — I BEEIE 2 L FKEA B 25% /5 4
ARMRE AR L 2005 FE3EIN 60 12305k, ML, KBARER S R A S| 12 4 TR B%
Hbr. FHSEAER) (rp EA 20t IR = AUARIRHESOR e ikes ) i, iE—2P 4Rt 1 2060
AT RRIE T 2 L Bk 3 80% LA F 55 H 780,

76 White House (2021). Fact Sheet: The Bipartisan Infrastructure Deal [EB/OL]. (2021-06-11) [2022-12-22]
https://www.whitehouse.gov/briefing-room/statements-releases/2021/11/06/fact-sheet-the-bipartisan-infras
tructure-deal/

77 Columbia Climate School Sabin Center for Climate Change Law (2023). Climate Reregulation Tracker [EB/OL].
New York: Columbia Law School, 2021. [2022-11-20].
https://climate.law.columbia.edu/content/climate-reregulation-tracker

78 Mecking J., Lipscy P. Y., Finnegan J.J. et al., 2022. Why nations lead or lag in energy transitions. Science.

Vol 378, Issue 6615, pp. 31-33.DOI: 10.1126/science.adc9973

72 National Academies of Sciences, Engineering, and Medicine. 2023. Accelerating Decarbonization in the
United States: Technology, Policy, and Societal Dimensions. Washington, DC: The National Academies Press.
https://doi.org/10.17226/25931.

80 China’s Mid-Century Long-Term Low Greenhouse Gas Emission Development Strategy.
https://unfccc.int/documents/307765
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Hh R EURT R TS “ 14N BURAR F00 VA LXK H R B RS . 2021 4F 10 F [E 55 fili 45
Rt (ST 58 REWERf 4 1 BT A R B S U ek W b A0 AR B ) 8 CRAR (GEL)) 5 (2030
FERTROEWEAT BN TT 5D 8 CRRR (7 %)), LR BT F ik, BRep AN BT ZE Bt (R
WY AEDy “14N” 5 GIBGR, ik, B AR ASETBL B 1 2025 4E. 2030 4E. 2060 A
FER R OARIRIEIN R R AT R . I—RTH IR R AR ISR eI 2R LU s, BRI = LBk
HHOK . TS RGBICRE I E AT B Hr, IR AET ek R mat s,
TREEVRBE V5 L IR IR (AR 22 4 = SRR U AR R 55 10 ANJ7TH 31 TUEE mAESS & . (O
R VENBREWERY B B4 ok, BAET 2030 ERTIIEFRAATED, IR T UL AR
T.7 BB EE H AR, AR RS OB BTSN . T RERRIRIG AT B . DMk U Rk 18 AT B %
10 4T3l 44 T 25155 .
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