@43 &

2024 &£ ¥ 69% % 34 #1: 5007 ~ 5015

¢ O R ) 2b

#3584 -

1 i) XU H B REDR S AL S pig

Mg ESE

v oy o l* €2
i85, eut

BT AART R4S A AR F AL

SCIENCE CHINA PRESS

CrossMark

& click for updates

1. ABE 580 ) TREBHE S LRE, HREIFERIES3 ) TR AR, J6aT 100084;

2. R R TREAERRFS, JEa 100190
* KA, E-mail: jiangpx@mail.tsinghua.edu.cn

RE R A ) A Btk i HE 2 52 B Pl e ik e i v
(R FAR) R OCHE. [RI, XU H boke 818 3 [F RE A% 1L
AR HRH AR, SRR . RiEfe
AREEFAHBELE S HR, ZMELIAGE. RIHAESELk
GREVCA EARIFAE S AR REHOR AU R RE AL D R &8, kS
RETRFE AL HEA 5 R G R E e SR AR, KRS
B/ BREA . BRI |« BicE R R SR N B S8 B
BRI FIEORIR R, QURTREIRFALAI T A 22 R
WK, IR RE IR PRI A S A A AR 3, e
IR AR A ST AR, R bR B8 AR LA P
A S A

1] [ R B B it A o el

L1 RS

Ay T i AU 2 4 R 8 ) RE P A5 R T 2R 47 52 30 X
B FU AR A 23 T A 2 B B R 2 R, o)
SRR FIH A B AT AL 7 R AZ SR B R, JF i)
FTTT 52 SURF 5 A A JR i 68 M e e 52 BRI 1 sk b MG
AR RN R BE IR R e Jr 1) T R G0 1 A B IR A
HE— PSR 22 RS E IR, BUWRR RIS 245t
SRS BT RBORAE, AN RETRAHT A R S B RRIRUR,
Gk e BRAEIR AL A

1.2 AR H ks S REDRFE R P
12,1 AR 3 A& A iy b SR 4
KHECOHEEK, HEEPRREIREGE, 20234E3KE
COHERUB R LN 126440, 4FHEIEIR4.7%, HEEREED
33.7%. Hrf, 88.8%MICO,HE R H BEIR IR BE, FIGiIRN
5.2%. COAEIR S SR K BH S BWm K%, B R
W P RIXE S E s R R i, BERTRIE FRKE
ZH. W, SR R B A IR 2 4, BN AR
INFE L ORI 2 45 T AT BB R 15%~22% 4 7 H AR

© 2024 (PIEREE) Akt

3% % vanznps T
BAME LR, IEREAEY
EUE. BRK, HEAFER
SRIRITERRE, EY®
MamE K, BEEM TR
HEELB LK, EAEESR
SUERLER, $EIEAY
AU SEE, BEELEH N
TRHAEHE AL E R, =
FABKEAR SR E AL T T EAEDE A KIN
FRBRIEG %R AT PR ERFAERTE. FE
RRBL TR THAE R, COFA 5 M FHES
Sk, 3R K B R E T BB,

SAAS BN 2% B R B . [BRRATE), BE20244E5H, 4
BREA BT 150/ FE ZAHD X 48 H Ak v AT LA,
122 #%#yPREBFELLHLEHZHE

IR RERIY 26 M LK, 20234F36 5157 242 MikRiERE, 29
o A AR VRIS 2 B 1926%. [RIE, 3 E A REIR T 2% K STl
I%, BCR AT A AES K R LR 51 E165%, A2 2 E1140%,
RER ARG R 1Kk, TR A R R AR RE TR 32 55—
Jrie, FRERREIE SR IR R BRI . A AREIR
RN ChE =R ERS2023)) B/x, 20234 A8
TRIH T 07 LT 80%, HXAMRAFEREAT. R ERRIE
TH PR AE RS KB T, BRI RE IR AR SMK A
BE Y E R IR E AT

RERELSGAA RS ERASEAD, HhTFiHE
Fok, ANREURSEILA REI R e, FRE e, K
PHAESE nT B pEEAE I HAA i3, AL B2y 1012
TE 15642 K, HABIERIEN I, ANZINETHE. An
AR EA . WEkE, AESEHTRER. B3
B U R R RS, TR B A s AR S P

www.scichina.com  csb.scichina.com


www.scichina.com
csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2024-0677&amp;domain=pdf&amp;date_stamp=2024-10-29

MG 8 & 20245128 $£69% $£348#

KAWL 4.

ST TR FE AR R R SR T 2R AR, A5 A H
P & e 3 FH 13 I v I 26 O & TR R 1) R DR 16 A FH
AR B FE R RER 22 4 0N R 16 2o SEAR B R
123 ZEMEXERAGHHHKEE

IEHILk, EPRRAHIESEH B R, 20224E12 7 13H,
DR FER 23 2o G R B B S AR DG, o AR BB
it SR 7 AN L 1 ) % ) R L T 0 A SR G
20234, WK 2 B3 2 25 R 7S J A o R P B R
SN PR AT . T [ 32 Sh XU E bR 5% FAHE S, i
BT [ H 17 S g AE SRR PV A R P T B 3 4 1
AR EEINFZ—.

HA RS RG, EERel= 3 2205 7 E R0 EE, 7
75 % AT 75 FH B AR 30t 95 5 4 [ 5 b X T J 2
OO ES. XU HARIREN T, AR A B AR J=, Hrie
PEAT AL P zs Tl T B AR IR 2Rt O R A
1, 20234F e EIA R 77.2%, TR G 2R L E T 60%. <R
B EARaly 21 T 0 R R 2 Ak 1) FH 402 0k b AR B
T = R, 51 G 3R A B T
124 WHREFTHERENEZD A

FRAE20234F F R Ge TR, 38 E LAAFE43% A BETRTH 2%
B PR T AT 104 16.6% AU PR K. e XU B AR T,
TR 28T e Jr o A USRS TR 2 1) e AR 2, s B VR
SRR OARRRAEE Y. AR/ R AR IR A A T 545 [ 5 4 1)
PR, WK SRR H AR SR 45 2B AR A 3 v i e A
BUR AR AR R, B4 2 I/ 20 R - AR A g
FEAIS. 20214F9 1, (rpterfge [ 55 e 06 TS0 B i 4= 1 52 )
R T B MU Rl 38 W e R R T AR R R L) P s
2025, 2030F120604F, FREHEMA BRI 5 BBV 28 LUK 2>
AMERN20%. 25%H180% M H R, K. St AW EaEnl 4
B TR S R T2 0 1 Ry B Y RE AR 3R & R i . ARYE [
FREEVE & Global Hydrogen Review 20214R%, FEGRE
H SR AE 7 AR 43 ) 85 5 D RBR R 1 20%~3 0% F130%~
50%, SRR AR/ BE I B ACKE A7 2R S P 3R R 22 T g
i K.

GoKE A RA R, BEVRAUS AR TS R AR P [R5
P (111 st & A Wy e ol T E> SR LN P SN AN ~ K2R et
ERAIGYY PRI E BRI S A, WA CRATGYEBA
BRI« W5 R AR T Aeonlmse B bR B9 A 4642 1 552
i, RO REVRIS Peze i/, F I 32 RS Y e
TSk AR Y. R R B AR 5T HEShaRTS b
AT, (EHEscim . EAN A4 Mk, TR 24 R X
PM, SAFEIMR BB IR B WHOE (10 pg/m’)L T, LARENE
TH 2R FARRERCO, SR = AR HECE T2 A1k
Weshr= G RIT . A AR S S AN SE N b A s, R
N BREAE A E Z R R R KA Z K.

5008

1.3 REIRETIN R R LARF L

5% [ RE IR L B R S e IR 2 T 1 I - M R AR -
ATEEEHR, TR AL R Ak R R S T T A
ST, HETREIC S MEAT AR T4%. WO T A, #fE
Ee AL, KT AR REIR, 20204 E M A BT i 1L28.8%.
H AT RELSE UK, 20204F BRI SMEAT HE96%, [H 5
(i GDPREFEAUN T FF- 2K (1954%. 5 HABEZA R, K
REVRFL YT LUV, BRI BB ORI, A BRoP- 2 I 534F,
FREACA 304 R]. (K, 3 AP TS A K AL A
SRBUN (1) REVRAE ™ I () i AR AL Y, (2) BETRIH 2%
JraHINR TG 2R (3) RETR L AR GUARA AL A 2

2 [EWANR SRS,

2.1 AbfREIRMIKERE AL RN

FEFk E AR SRR, A RBUR b7 EL AN SO AMK A
EREEAT. ERGE R BR, 2023430 EH R 2
31.6ACMEARAERE . RBRIE 28 B 55.3%, JRITH 2 B R7.7
femfi, AREEIE 2 R 18.4%  WAMRIERE2972.9%, KIRS,
TH P B 239084257 Tk i REIRIH 2% B i 8.6% . XTAMIK
F71£40.5%. T E R BEIREE A TARAT Hal e, 457 HeiTk E £
SR SR, BARTHE G A RE IR AR e IR AE L )
RGOS, FREInER AR Z i A AR 1 &, F
25 A BE TR 32 5 ) T R BB T S U, SOk
et SRR A R A H AR,

MR, REA 1L T RS T
Ber=wi. b, HASRAE R T PR SR
Ve, TERSEHEIA ZBHAIER. REBUE20304F
WEFAENLIR 14T FOVE(E, RIS JRIERE T RIESETY, 155444
HEROR R FERRAIR, 35 3075 Y W R AR HE A R A ) AR rL AL A 24
10.3MZF 5, 295 AR BAHLAERER93.0%. 75, KIE
(14 = S RO I A & HL L ISR S 1R 20 A v b A i
TR ik e SOR AR B B 4T O 4. AR P e
LB A S & A b E AT AR B R R i 15 2023)
20224F 4 [E6000 kW K& L I kL B FRifEARERE300.7 g/kWh,
202 14EFEAIE1.0 g/kWh. FEXESRIE ZR&5 M, B 7381 TH
WETRE S T TR L, R T Sl S s
FEE T T S AR . R BE IR A A R 2 BRI 5% e 2% A (Y
CrhEIE AR LRI T 4 B R 5 (2022-20234F)) R,
20234F R R T B b o Zasdzmt, Horpe g, k. T
A AT AT AU, 5 b SR S iy e
ERS% AT, A HE R A9 B (BT 2 0 L A
Wb, 20234 et SR R S S, RS 3170%
VI, SRR AR & AT, I T S AR A
AEXTV Tt = AL



CO, % F| 5 $H 17 (carbon capture, utilization and sto-
rage, CCUS)/ZfbA REIR AR A B B AR, HIREINATH
RIATR . BN, SR ERRAY. [RAEFECO R A
SR SRR A AR Be i 75X, JEALCO,FTH,0
PP A i, SCELIRAEFECO S Hi4R, TEE. £, HAH
e E B TR /NIUSSLES. COMREAF I, JHKZE A a
K ALk, FEERCARIRE KT, AR
Gorgentil H ¢ my i HEHEHE 7135400 7 Wi/AF, [ P9 B3 AL
HACH B K BE IR 984 A 22 3k T 50 R 22 107 23 T Joe ()3t
Wi H, #A7F6EF130 7 Mi/4FE H.E 2.

2.2 R REIR SRR

TR A BRI R RV, (H 5 LR AR AR, 20234F3K
E ZIF R4 TR, (5 ERYAR15.1%; KB
8858. 7T TLRY, iR EHEN9.4%. [RAFIREKHAEREML
6.MZT L, i EIEHARRI20.9%; ke ER5841.5(ZT BB,
d AR LR 96.2%. [AIMISEE 45 E A KOG & L
Bkid40%, WO — R, ARYEE 5 BE202 14 KA K
(0304 FTRIGAIEFTE 28 , FREMG XU . G
KM Filves B 2 2, 020304 XUAE . K BHAE A& L
BEHLARAEN AT B, T PG AL X N
FA B X, AE R S, FRIE S Al R
KRS BT, B 5B A Ao S R R AR VR IR,
AL EF AR J 3. FoE6 MW LL_E XU WL A O 3 1
FEAL R, Hop EHIRAY16%. M L XMLAS RSB 100% 117
Ytk EANEWE, AT BN R KR R & 15 2 SRR AR T
%, MET EANAAR U R AT, E A, s
/D S IR 3 S SR AR,

2.3 oS KnHigRe

AR R B 32 B R OO SURE L T 2 E SRR IR
PR, DRI WU H AR S & 3k [ ZE A X 2 3 i o S ek
JEFRN, RATHES S REAHDCEAR ANl A& . 20234F, FREA
A= k35507 I, JEi R E A, 20224FEK N A (AR
b R PRI (2021-20354F) ), BHERR A T4 <
fIkRiAl S ARRAR I Z el SRR, SR e n] FEAE R I &
FERE TR BETR I AL, TT20304E A RELE Lo AR R 2% b
i Fik 5%, 20504E 0] 1510%. H T, SREUNA214000/ke, 57
MV TR B 1870k 5 A R 22 8.

FFUA A e S S T P A RRUR R A L Y- - T -
SEZRE R R G AR S OCHERR . P A 4 A ] b T
2 RE I S B ATHY Gk RE P2 b B2 T A2 R 1 0
B WoR, 20234 FFRIEHIIAEAE T BS B 130012 FORT,
PERTSEIN DU A AR AR, H &RV, f#Rer g
BN R ATE R LA & R, R BEE I I 4 T R A
IR Ay AT S R = 2o LB L e ey B e S S s N e

2, KB RRIESIAARESALR I b7 o, (HASRIG K2
(B FR. 2 el b 2sfgae I8 = S0, BAER R
W R AR PR R R, SAh, IVAREDR BE
i~ FEARBOCR AN FH AR ARG, 2T A AR i BE ) TR
NSy, (B H MR LT VE RO RE AN B [R5, e IR
Bofik. KOHLECAE. B AERE . P B BE A0 S5 5R AR B0
KT 40%. fEBENAT S NS R 2 G RE S H AR BliA
252100070/ FU, 1A IAEI Rl A,

2.4 ZHEO AN SHREDR B

AU — 8 12— o A Hh s B 1 DX 26 0 <oy A
2 RV - 22 fiB BAD- T SR 20 P Rl OAS [ A=A HLAS &
AR ARG !, L E L H AR RS
AN Rk BRI R AU RHIE S AR A P2 R 32k, REIETIC
HIEMILE, HTRETR N E IR 2 (4567 A YRR VR BLIBE MR
WER T A AR, 20224E N B #8882 AE TR
WH, RHEEPLEAR 2184 MW. 85 RES VLI Z Rl
A BARI . RRE LS AR T H AR ST Tl
TR, B4R/ E AR 2EE.

201045120234, T8 H BUSER 29 165, & H At
AR . P EBEDMLRESEAR (PEE
FATNARRE & i ts2024) TR, #E 20234 K4 [EH 58 K 5
XA LT R S5RFRT, 2R X ik
1849742 T O [l HU3E49.7%. {HLFK 75 H R0 #4g 124038,
BUDA ARG TR, XHTRLE ) RGBS ina ),
TSl E IR 20, TR 2, ks T
FEIPRZS Y HERPEMESL AR 15 X i ) ol e ok,
T B AR S L), MR RE R, AT RN
(B[ EEE e Y (s

FEIMAE 7 T, R A PR R 18 T A L (R
SRENLSO T B JRIm3A8 A B sfhim3. 1977 A ), M
201041 N 1A%, TR ERE 230 43R FHAET 00 S B0 PG 0 g U
i REE LR RAR . AR USRI
G2 PRI E DL R SR R AL . TR E Ry R
R b L RICA R FMAE R, WERKRR
“grfE gk, HEREAORS. SRAL IR R T VR A T AT
RAeT), PEERERTFIRCE. SIUTSREIREE . RE
AR, KRR &R WASHMEREROEE. PEHEFEL
il PR A 6 RE VR T T3, LA AL/ 35 A CO, B 1
ik, PR R GBRACR

WiE Z RKRNREIR RS RelR MM RE IR i - B 47
Ak R, ST Wk I ACKE e 0 P RE R 5 B A,
T BRI IR AR I k. L Bk 104
K, BEMESEBE T AR E BRI H, IR 2
Joft. BB R, EIERERAARR IR B N A o B & A
B €20244 H K AEIR BB &R EE) Bx,

5009



MG 8 & 20245128 $£69% $£348#

2014~20244F I B BE M Al 3000 X R I K 32T A,
T AR R 250%. F 20234, T E AR E M 4
BRI 16005, MHiEHM25 1200, BER TR W 5407
AR SEFARSE R A AR i) B R R, Bk
PRS0 A0 SR . STER ER S R B kA0 s I Y [ 2
WeIf.

2.5 LI RESESkHE

T EPRERNE R E T T HRAN. Kl B s
A, 45 Be20204E AR Rt CRY TR ERE TR Y
Fimn, FIE Tk Zeut FHREHAE 1 {2 MIpRAE, 1 B AEFE40% 22
i, T AR E ST, FRE T Al 5 K, 20234E4:
FET A ER5A% . 60%ER . T0%KIBFNB2.7%IA4E, SEF
| 53 GDPREAE R 2 0.48ibRifERE J1 T, AALTFAES K
JRAZUR 5 E3AE . B EIKT-1.444%, 7 REFEFEXEEE K
Ti1120354F, FRE Tk 2 FgE R 18.89 4 mitnk, 4 ERERE
36%. TF3120604F, #has M mE & 15.7712F B, HEE
HEL I BE O HOKE N H AT27 %32 R B120604F 8218 70%.  WEE
HLAERRAC I, 2l Babn. Ve S AUl Sk A fi FH A 44
B WAEREIE, 52 @ ar RERT R, AL
s AE I BEAEA B N —, FRE TALAERES0% L L LUK
v BKRIE AL AR h, o (30% s TR, R
fER BRI BIANRRE R T A, B
FEME. FEAR BN AT, PO hE—L il
FEEAR, NOIZASIAPIE I IEIR T M R G, X4
EALEA BTN e E S B bR sy
B, AR B AL A AR S AR AR I, I IT BT ERA.

2.6 REDREFIEADNEME

H a7 = A T4 §B (artificial intelligence, Al). 5G. Bk
MER AR AR, BTEe. #. B, &, KSELMEER
B, s g, SRR R SRR RE R IR
$TF. 20224F, 5K R %153 Yoshua Bengioft NG THAE)
S22 eSO, A T LR ST X R AR E B, 20214, A
THERE S EREVEIKFE4H 41 (Global Partnership on Artificial
Intelligence, GPAT)A A [ B JCTE AT N e v A1 3
FIVE 1T LS. 202 VAF IR BRI R s B 2s |, 42
A TR RRIRBESR I TS . ATBOR IE e bkis 2145
Fra5ll, ALHEHL MR TN  AUBERLRI S SR RS A T
i LTRSS, BRI E O R FHAToTHOR M e
B, ARALETREALAL T JERHURD TR e P £ 2, HEATR RER
IR BE X, T AR e A TR U A T, DL R &R
ST IREILAE. B FTEAREIR N LU AR R, RIEZ
RRIRRZA RN T RE LY. TEKRZRIERSENA
P PR S KB ILESS S, BAARENE R, &6
RAEVEREIMBEIREEE, @b fbaER R E 2 WEdE. 298

5010

P RIRERE, femRGIBTRCE. eI RSHYE RERE(TAN
A T I B — R 1) 22 REBL A A AR I AL . PpIF]
R g R, BEM RS R B T A RITE N A
Az i JAl BB 4 BE.

3 REDRECALHFUH T 1 R 28 S Bt G HERt

A
3.1 ALfREIRICEREE RN

T [ A A7 REIRR B AR BTk 0 & e AR (1) 42
L K USRI ER . 37 T B R T 200K (2)
WL TR REIRIE AN, SRR T oL etk PR
PRAE: (3) AR AR LA SR R . BRARIS
Yk

REAL. 1B 5 IR R UAS 57 T RE A1) -5 2 20 4%,
RE e A0S YLy /B 2L 7 04 A B Al 2 1) 7 74 N TE SRR,
TP A AE I ] g DR BE RIS 1 17 5 R IR AL 3t 12
W, BEXTERRME AL IR Sk S 1, M RE DA A e L RE T Ak
PSS RAITIE, AIRRERBT R A B N A2,
AR 2 BB — MR A B A TP R, RHE
FREMPRAIAL, WK S R Ik, AR
SFRESK SR 7 5, FEIRCO, 7y BIRERE. LASE I REIR
WA SRR 22 AR LG — A SR R, Tl ) 2T
pADEIPSs 2L =T

BT LS (1) MORHESK AR, 7ECO A4 ik
HAEEIRALY, FEIRCOLH 7> BIRERE, RIMRIHIR K AR i) itk
REDRARAR AT 1), ARFRNEBOR AL R FTREI Tr A b A
AR CO, MBI G AL IR A i R G B/ LI 7 AR
Gi BAURREE B e ) i/ L B AR AR S/ B
AR RS, (2) ARSI THRARE b
(SRR B ARRBE ) FITC KNG RGeS A8 PR e 7 3
(3) AR A I B AR AL AT i R S BUR
LA, BRI XTI Ak, RIREME S REA P
Fetb A iR HAR. (4) MUBRTG/ZREE AN AL
RIGFETHIRENLALSA T ARG, 4% e LU Al A REIR T 1
THAN. (5) FHBRREFEDAH AR S E1F. CCUSEIARSE R
MURL, FEARRERE S AR, STl REVRFL AL,

KHERLA RIS (1) Ao REIRRE T L. Rk
FRERVFLALIEUE, “REREAN. REFVEG 2 REVM R HE L5,
REVATBR AL AL R . BT vk, (2) ffr RRIR IR 2% L5 A
SRR T k. T AR e N R SRR IS A
FAMMTT; RS ER AR EIE 577, (3) tATaElR
AT, AT ROR R AR HE R bR AR A ik
FhE AL AR RIS T P A REVR B 1 PR i 2
REROLZAT R T A IRE R et A5l (4) RAE
B B UL S B 2L 70 [ e T 1. WAl S dr/ M IR ik



T s LB 2 50 1) 1 AR B AL IR . (5) R
WURECO Ml B A T 2R AN S i -0 - DS R 2. B2
ZtBIE R O S VAL, AR YVEIN R GE, KRt
FERILERS R T AR i 2 M.

BT AC U AL S (1) e RIREEA A RBIRAZ
FACRN W K ) TAR R TR B S 57 T B 3R
FHEPEA . e TR MPRRE . i TR AR U sE
3. i, BEFEER RS EABE BRI T/ 3 U RR
PO BE ¥ B R S s S AL, S R REA R
RAEFARZ: G, s RIEERTTER R, (2) MUBLR G/ Z IR H A
WM R L R G el ) TR e TR S RGEAR L.
RERHIG T 3 25 A S i, T ) AR RE IR AR
GERY SR A AR A P L2 5 B e S5 9 R L i A e s
AR REITH AN IR K. (3) KB REFERRAH AR A
S B Ko ) TR e TR A B S i e o 5 TR
Mo/ ERBR A L AR PSR S TR AT R
SRS N, R AR BT AT A BRI B
AR5 ZALAPRER Y B IR, KRB CO MBS [
HuBkBb s A TR, R ZERMEO T AT
B RERAU.

3.2 aEREBR RS FIN

AT P A RE TR R 8 A T TR e Jig FL B EA: (1)
SRR FHBER ShPE L TRl A, ST Al B AL R I,
(2) FERBURHI Bt e KL LA X
HZEAR; (3) PhlAfR A B =2 — R 2 (R Z |
bR Z . Fefbi=WZ . REIRFL ML 25 15 Qe hl &
Gu ) HHFE.

DA 7 o B R R 15 IS B OB (R 4 AR
PERRIRTT 5800 A JR R, T I F) BT 7 ) R HRE AR 22 )
e I

FEHFIT AL (1) #lh SRR R, 57y
ARG S T BRI e B, B CR .
AL EATERBIRR R, SR BHREPR L H AR ] 55 1Y
R, ) FADLIRMR S EOR. Tl 7 s P =
WXDET IR, DU Z RO RS AGE
H i IR T B160% L) 1. (3) KA 5 XL
Petiseit. B KEER T e b 2 RO 2 W B & VR I HLER,
TR B R B ATRCR nTEErE, R AL TR,
. (4) LY RE R R AR s A= s (ELAL A1)
MM Z & eSS R A AL U RILR], A R iRe
AL A ARG ZRERRRE, SARKRBER ARG EAD.

REERLA RS (1) BB ] AR REIRIR T R HNE.
I 1 CO A T 1 25 K BH BE A AR Sl & AL AL 5t
B R IR A B L LB AR R & e R T
Pl B, AT REIRA ) R G R RS RERE . (2)

K PHAE R RORAE SHATT 2. AR A2 D e A A AR fi R
FEBHS R EELR, Seik o R B BE Sl T PRk
i diliE M RGEATTE; KEIRER L2 RO AL, K
FRAE A CIERSORI . (3) WUBE M o it A FH A A 2 R
ZY IR A E L, IR ST R At =AEKR
SILSZAERIPLEL S AR A P R RE R AL AL, X
R IR (4) Y Bedlor bes Ak
ik, Y RUE PRI S AR Ak, AR BT
FEPE IR A SRR, AR RGO AR Tk
Leidgaade; AEP B TR S R S AR
Jiehi S ) AE AR AL FIBR A FHBEE

FIHT A LA AL (1) KRHAEEOLIRFALAI, ¥ &
N TR R TR I SO B . Wik i SR
AL POEMES: 5 TGS S B, SRtk k
H /i U T A T R AR T HL TR A AR L] 22
ZUCEHR B TRUVAE I, RSO R A bR R TG 1
PE S (2) RHUBEXRERE LRI, ¥ Ksh ) TR R T AR
PP RRRE . LSO S HbE . Wik 2R
Fi N TRREARSUEESS. fhn, RN F i 2wk
REMPEL, RE LA A R B R ANEARBES M A T T
MR RETE. (3) MR R, W LB TR e TR
P RS TR S R L A SRR L
SC. AN, A BE T s A AT BB SOV R, 4
VLI S AR LR, (I A SR RO R A, T
I E

3.3 sk SKikGE

Fe L E LS A RE U & B R ELAE: (1) R
G REIR—HE KRR AT, B RS =
BRAEFIRS (2) bl g nl A RE DR Bh P . XELIAT i
A A — R A (3) SR MR Al B e
Vet Tk, AV RO TR D e e T AR BEDRMES
W R RESOA IR S e RS, T (Y S 2205 7
T RN SRR = DR R 4

RIS (1) Bl IR SR Rl ek, A
BTG SeTs R ain B i U A, RS 5 5
A, ASREAECO,, SHR RN 2™, 2) HERMEE
P — R A IR RO FH BB £ oA S/ VR i
17, SBURMHBER 2B, MRERL. MR MU fk
A7 (3) IINEBET AL . T 1) HT B RE DRI R A BE LK, 528
FREIRMAARAR AR, 4) KRB RIEE. &
JE R AR B A AR B ST AR AR R RE L
HITEKAiE T2, R A TS (5) KM
R B . SRR TS A A, P R KA
WA REAAE AR e TE, HESh XA A TR B A S R .

REERP S (1) ZAHRE /A B A& PE AL

5011



MG 8 & 20245128 $£69% $£348#

H. 2 T2 5RO R S5 PR e A LR
JR A 22 RUBE S5 46 N 2 A0 2 4y i is 5 L A0 OB SG IR AL
il AR TS AR SRR A SR AL, AT
TP PR ) Ui S oz -5 BB AL i DM R IR AL A REAY o
S BRI - A . (2) BERRICE S
Wi RE SV FEJUHE. g/l A S ALK ) 1 P
PERE RPN fHRERSE S ml TS A BES
VERC; ffAE R SEm AR U RE B R AT T . (3) AW
U AL OV AR A B SR TS, Bkl sPERE R sl
REfR IR DURCRE R AR S A BB A, DRIl AR
Bt ML BRI B R S AR RO, (4) ABEATAE/
RO, - H st e e 8 P R B e RUBE A3k B
SR, SRR S A EERE . B L
BT S AU G (1) AN R B AR AR S — {4k
SRR, W E) ) TR R TR L S R A S
WA TR B, AT REEMSFSURSZ
. (2) KINGERET AL, 3 K8 ) TR b TR A B
BHEZ 5 TR RAmAY . NTR MBI F G2
. (3) RIS ATHE, W Jesh J) TR S TR B S HLAK
il SRS MR PR A TR X

3.4 ZHEIAMIREIE LI

T 22 BE ELAN 5 RE IR FLIK 00 U ) e HARELER: (1) $2
ra X AR A BEURAR E M, R LI L B e AL
(2) ZM 2 BN R RIC I FCRE IR AR 71 2%

ARG REIR R GE . AT PR REIR R GEVEFC Rl &5 o &
JE R, TR I B4 B TS5 ) A SC B (R R AR R

FEHIFIT A (1) ZRETAMMIREIR R SE. ST
ZRETLAN DBEIFEALISURE, RERBRGURII, ke AEEE
iz HRATFR I, PR SR iAE . SCBR G (2) ZfE
RGPS 1. ZREE AN R IR IR A REFL I,
WIS AT EREZ R &, SHRESILIA . 26
FRGULSS, ke RN SR E L (3) ZREEANR
SRR I TE bR, MR ZREEANREMRIBOHTN R, 52
PR IRTT & 75 REREBCE 7 58 f ik i d sy
RAEREVITAN. (4) 22 RERHAS SRR IR ELI K. 75 T 7]
T A e A5 P2 R IR A 80 BB DT 0 24 235 R i 45 T AL
A, S ROBE I s S RE D 00 285 ) G B S AR AR AR

KHERL A AL (1) ZREFAMMIAMBER M ZIE
ASRE I DA AL 5 3 AR IIE. (2) REIREN I RGN 2 hE
A TFRAL. (3) ZREIRBENIA R T AR A R AL

BT A AU AT (1) 2 RE HAMIEIR R 58 M A AL 2
Bk ARV DS, W RS TR TR LS RS 8
W BEMAL. 5B SIEESOUEE . (2) RETREIR M K
REHLI, 35 Kesh ) TR TR LS RGEEEAL. R
RN N ) SR ER TGS

5012

3.5 L HRET A

P = v F REER SO HE ST 2 e HFRELHE: (1) PR
FIARF 2 HREERRTERS, BRI TR TS N 24 hE =,
(2) BB —RALLE BRI, Fo4r A FERE TR RAE .

DAREWRAL . WEURAL . WA A 4 e SEL K 4R i 2 ot P AL
W EREE, T Y T BRI S 1) A SRR AR 27 ) R A
WF.

ERR T AR (1) —RIbPR I b-F - =k -
1. WEAR Ve E RS R, BB AR A&/ RS
it (2) IEFFI AR, P B HE A R 50K
PRRLEAEROR, SCIRRIEA R, (3) A:an Rl R /froslds.
AT S RHEBON AR T, A R R/ AR 2
FERG. (4) DAk AR, SRS T AR,
Ae 2 AL R, SEP T b R el KA bR, (5) -t
IIREIRAE . L /] FEAE SRR AE S PR B BB BERE
W, NASREMshh 2ol it B 2%, (6) S/4&H
Wizs S AR, WERI S/ B MES 3 1 R, PLfbse g
P, SEPRLZS Bl 1 HER.

KRN EASE: (1) fem—IR L REREIE. (2) BT
7=, R ESRUHRE L. (3) B HRERAR.

RV AT 045 (1) ZomMRe 4k ar AR /m—Ik
WAERRFIFE, W Msh h TR THEMYHS Ze £, k¥
TR MRRREESIAE . (2) AR R, W)
TALR TSGR S TR, Ll SEHR TR,
HUBKED R il v Vv T AR AR 4TI AE .

3.6 feIREAAERINBCRE

T E B IR FE AL A A AL ) & e BARELEE: (1) i
AT RESF B AR M AR 1 RGBT LR
AT BN, (2) VOGP 84t VO (3) A T3 Renkee
BBV R ATE S BN S  MHEEL I RETRERTT.

PIfE B Bt B Rethoh & R B S HE R R BE IR
RE e Yol PRASTT, Wl EZEATST T AR
2[R AT

FEEMG T S (1) BRIR RS AR, S B
FIAG . BURIRESH M. VRIBRSHARE TR KL E
RPCFARA R, SERT IR N REETRA, $ETHR R
1TRETT. (2) b E k. Wb, [ EMAF
B, FIHREHRMA TR REHAR, BT ERERAEMREA
BUEER R Re LB Bk, (3) ANTR BB S K.
M HB A R B R/ RE, A ATV B M k. AR
VRN B XA, X R G T BRI AL

ARl A LS (1) 2T Rl AN TR ek nYae
BRI RGN MR S AL (2) A RNigE L hE
AN AR AR F AR TR IR Sh R REHL IR (3) B ZREIR RS PR
EHARH A se B B



BT 38 AU 45 B BORKRE RE TR AL A T R 45,
Wk TR TR SEE S E R R THER
o NTERE. AL, ARG ESRE TR, KHH
WS TR .

4 FRIEITEREDRAE AL Bt e e i i
R
4.1 SETHASHPEREIREOR K HERA ™ i Bl
AETR TR AR B BATBA BB . BRI
AR, TE R ART B AT
SRR K BRI RS IR KT, Sh O G Hege .
SBRRHAVRI FIBT, AR AT, W R,
SRR TR AT AR AR O, TR AT,
RERATR A A5 o — AT B AR TR, 46t Ak AR P .

4.2 JEEDORPR SO, At Bie i ke
PAICFHBE . UBE N = 05T RE IR A A 7 RN AL T
ZRhZRE, HAT B R EAMERIRE S SRR R, TERTRER T
PR BT, Rl ERYE JOBE. SRR A KOG,
RO R . oA FPfedt, FeorI AP, ek
DORPHRE, SCBVbEE. XBE, JEin] fRA L. (EAR T
MDA PRI X, GEEERE K. L O — AR A
F AR, T U DC BB A 7 REFE RS B R,
N2 A i ] 2% B AT P2 BE T AR 3 R o ) e 8 R i
i, sS4 — B 2 RE EANG S R RE IR R G 2,
HAFHREWA I ER BT AT P37 5t

4.3 S JEEI P EBRAAGER, Hidke—aii—B el A1

RIS BRI R IE AR R S AR, T 5 9 A
Z WG YE. AL (RSN, ffEShak (AR
REURIL R NSz St R A AL R 2 . BT R AR IRIA &R
ARG P, AL A LT R0 2 AR T 4 K
Dt TR, MAE AR N [E B AR G BT Sy BE A A
— 7, VIEWNEERR A, KR RERREIRZSE, FE Rk
[l FL R A 18 15 55—, AT FE N TR PRSI 3R, i
KPR B AR, LA KT O AS PR A VR S5 5
OIS, SCELREBUT IR HERCE . G K

fe— — O E R IR . TR, BlLE—H—
BRI IR KA BRI A R SRR A, i AT
o 0 ] PR LSS O BE R R 88 B

4.4 JIRREIRARGREIL. (R4, P EiRENR

HUkydt

BB {7 L MR IS RURT Al IR A% T R 1y
2. TESTEUBR R AR, AR IR RG24
PERIZEUTIE, JUR AR e A A B . BRI T b
JHAAE, WATSINE R (5EALSF B (RBrT A fEIR
O TR o S BLURAGE 25 A Jo 3 A o I £
PR, A R N T R A BRI R e
TR RIS, DURHBEG G S S 2 el
¥4 15 R G 0 AAL L

45 PEERRREL S, RSN TEREIREIAR

e

MR REIROR R I, AT LRIt 5 TR
PHZ I8 5BV 1, = B R S 45, 4
2 S ISR S I S P REBR I 1. 3T R
WA PRI FUAT AR ST, B A
ERFEET BRI, TRRAAR, T2, B
RGBT, SR A, PR AR
WAL SRR, GERE R ML AL A5 .

4.6 SRR AR S XOESE, BIRedphbi sk P
ERVAEL:

REVRFL AL EA S EAAUR A R L A EOR A AR A
WA, TEHESREIR S HE Y R rp, 75 7% L8 1 3
XREIRGT IR B L [ IR B M 0, e ARk HAR
Ldt, GELSREIR S HREIRRIILIL AL, G5 R et
W5 B R RE IR SN I H AR, 1 PR E SR BRI 22 A w4 T AR
BiHERC. Sl T (5 B ATBL, 7E R0 FARRI L0 T
F307 PR R B AL R A, SR RRE . N TR,
RS TR R TR S XSS, TR MR 55
TR FARA S, TR SRR IRE AR A1 B PR, fefiioe
PR SRS Ay T o) XU H AR 29 R B RIS AL A IR 58
REAL AL R e e it Szl ).

Bt RHEREKRFELE RS- P ERF R X H RS RS T E (L2224035)% 8. AT E R THAF T @ H
B E AT IR B LR BT X X B s A, REER AR L. Akt #ERE L. ERX K+ FHA
t. e+, &Rkt Rkt ARDBEL. KTk +. KEARLE. FAFKRL. B BK
+. BRFERE. KEHREFRESAFFE TS RERE. EZW, XPFFHUEA. EBHEREKBFLLEER
£ F20234 11 A27~28 B 2 41 %358 I Wik bz, E W& B RBHF I fT 6 & 4 % K ¥4 B 5 W B AT T fk IR 44 1t
SRR E R FER KRR SRR, AAXRBETEEH

5013



MG 8 & 20245128 $£69% $£348#

) 15 SR

10

12

13

14

15

16

Wang X, Zhao C, Miiller C, et al. Emergent constraint on crop yield response to warmer temperature from field experiments. Nat Sustain, 2020, 3:
908-916

Su J, Liang Y B, Ding L, et al. Research on China’s energy development strategy under carbon neutrality (in Chinese). Bull Chin Acad Sci, 2021,
36: 10011009 [Ffd, Byt T %, 2. SO HAR N 3R E GEI A& Bk ms e, h ER#BE B T, 2021, 36: 1001-1009]

Jin H G, Xuan Y M, He Y L, et al. Engineering thermophysics and sustainable energy development (in Chinese). Sci Sin-Tech, 2020, 50: 1245—
1251 [BZD6, HAR R, (IHER, 55 TRPAWIE-2R S IR AT Ha R . h ER SORBLE, 2020, 50: 1245-1251]

Xu Q H, Li W Q. China’s energy security strategy in the context of global carbon neutrality (in Chinese). J Nantong Univ (Soc Sci Ed), 2023, 39:
117-129 [VF#hte, 2= 3cHt, SFRpP A5 R 09 b ERERZE 25 08, ml REF2E R GES B2 R), 2023, 39: 117-129]

Huang Y J, Liu G X, Bo Y, et al. Beijing-Tianjin—Hebei coordinated development toward the carbon peaking and carbon neutrality goals (in
Chinese). Strategic Study CAE, 2023, 25: 160-172 [B L7, XI5t Wt, M5, 5. T BE b el HEkaiaR sk rh s AR 0F9T. b TR, 2023,
25: 160-172]

DaiHL, SuY N, LiuJ Z, et al. Thinking of China’s energy development strategy under carbon neutrality goal (in Chinese). Petroleum Sci Technol
Forum, 2022, 41: 1-8 [#USE R, 5 U, XITE, 5. P Al A AR T IR E R AR MRS . filBHeIs, 2022, 41: 1-8]

Huang C, Zhang P, Wang W L, et al. The upgradation of coal-fired power generation industry supports China’s energy conservation, emission
reduction and carbon neutrality (in Chinese). Thermal Power Gener, 2021, 50: 1-6 [#1%, 7k&&, £ TR, &8 BRIGE =\ F-H S B BT B
HES B AN . 401K 8, 2021, 50: 1-6]

Huang J, Ma Q, Shi M W, et al. Process and suggestions of CCUS technology development from the perspective ofcarbon neutrality (in Chinese).
Environ Impact Assess, 2022, 44: 42-47 [# &, 7%, TR, 5. AL N CCUSHAR K R RE K3 3 3130, SR IEMY, 2022, 44: 42—
47]

LiGY, YuY, Wang Y C, et al. Research progress and development trend of wind farm power prediction (in Chinese). J Drainage Irrig Mach Eng,
2024, 42: 778-784 [ZARGR, ARG, E5AL, 55, KU DI RTU DT AE R b RS, HREDUR T AR2F4R, 2024, 42: 778-784]

Chen H S, Li H, Xu Y J, et al. Research progress on energy storage technologies of China in 2022 (in Chinese). Energy Stor Sci Technol, 2023, 12:
1516-1552 [BRifFAE, 280, MBS, 28, 202245 [EfEREH ARDF Tk R, ffRERl 225 HR, 2023, 12: 1516-1552]

Jin HG, He Y L, Yang Y P, et al. Basic scientific issues in distributed energy system (in Chinese). Bull Natl Nat Sci Found China, 2020, 34: 266—
271 [E00G, AERY, #55°F, 2. S AnREIR i AR RL Al B2 G, 2020, 34: 266-271]

Rifkin J. The Third Industrial Revolution: How Lateral Power is Transforming Energy, the Economy, and the World. New York: Palgrave
Macmillan, 2011. https://Iccn.loc.gov/2011009609

Tang G F, Zhou J, Pang H, et al. Development of high-purity metal sputtering targets for integrated circuits (in Chinese). Strategic Study CAE,
2023, 25: 79-88 [ 4, JAITE, DEWR, 45, REVRC AR T B A i ) REUK R IR, Hh [ TAERISE, 2023, 25: 79-88]

Shu Y B, Zhang L' Y, Zhang Y Z, et al. Carbon peak and carbon neutrality path for China’s power industry (in Chinese). Strategic Study CAE,
2021, 23: 1-4 [FFENY, TRmN3E, So@ i, 55 FRER Ik S FRARBTS. W E TAERRE, 2021, 23: 1-14]

Hu B, Jiang J T, Wu D, et al. Development status and prospects of industrial high-temperature heat pumps (in Chinese). J Refrig, 2023, 44: 1-12
[k, 22, Kb, 45 Tl iR L IR S R, HIA4H, 2023, 44: 1-12]

Rolnick D, Donti P L, Kaack L H, et al. Tackling climate change with machine learning. ACM Comput Surv, 2023, 55: 1-96

5014


https://doi.org/10.1038/s41893-020-0569-7
https://doi.org/10.1360/SST-2020-0114
https://doi.org/10.15302/J-SSCAE-2023.01.003
https://doi.org/10.15302/J-SSCAE-2021.06.001
https://doi.org/10.1145/3485128

Summary for “Ii 6] YA H A i AE I A0 1 FGTU0RT 15 28 B 72

A strategic study of interdisciplinary frontier in the field of
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In China, energy combustion contributes to around 85% of the total carbon dioxide emissions. The reduction of carbon
emission through improving efficiency of energy conversion and utilization is crucial for China to meet the “dual carbon”
goals.

The focus in China on achieving “dual carbon” goals is propelling innovations in science and technology to reduce
carbon emissions, accelerating rapid advancements in effective low-carbon energy transformation and utilization methods.
The “dual carbon” goals of China will promote a revolution in technological development modes, redirect the focus of
technological progress, introduce innovative energy conversion and utilization methods, and spark interdisciplinary
advancements. Besides the disciplines of engineering thermophysics and energy utilization, electrical science and
engineering, materials and mechanical engineering, the realization of effective low-carbon energy transformation and
utilization methods is also connected to chemistry, earth sciences, information technology, and other disciplines. In the
presence of challenges, there will also be a cascade of new opportunities resulting from state-of-the-art interdisciplinary
scientific principles and technological inventions in the development of energy conversion and utilization methods.

In this paper, six state-of-the-art directions of energy conversion and utilization are proposed: (1) Low-carbon conversion
and utilization of fossil energy, (2) efficient conversion and utilization of renewable energy, (3) green hydrogen / green
electricity and long-term energy storage, (4) multi-energy complementarity and energy internet, (5) terminal efficient and
low-carbon energy utilization, (6) energy conversion and utilization with digital and intelligence technology. In addition,
the corresponding key scientific issues are raised in the disciplines of engineering thermophysics and energy utilization. On
this basis, the latest progress in promoting energy transformation and low-carbon development is discussed. Moreover,
policy suggestions are put forward in view of existing challenges and future opportunities, including: (1) Paying attention
to revolutionary energy technologies and the new quality productive forces in energy technologies, (2) focusing on regional
coordination and overall planning, promoting the steady development of renewable energy in an orderly manner, (3) based
on the “dual circulation” development pattern, promoting the energy cooperation in the belt and road initiative, (4) realizing
the intelligence and informatization of energy systems and accelerating the construction of smart energy systems, (5)
propelling integration of industry, university, research, application side and business to promote the development of
revolutionary energy technologies, and (6) strengthening interdisciplinary research in cutting-edge directions to achieve
high-level self-reliance in energy science and technology. Thus, for achieving the “dual carbon” goals, this paper provides
important scientific and technological support for establishing a carbon neutral system of energy transformation and
utilization science and technology, which integrates low-carbon/zero-carbon electric energy sources, non-electric energy
sources, digital and intelligent technologies.

“dual carbon” goals, energy conversion and utilization, interdisciplinary frontiers, strategic study
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