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PEMHLIE ) (publicly available specification 2050, PAS 2050) ®'. (= fh Ay I 1158 5 MR A5 b vl )
(greenhouse gas protocol, GHG protocol) " F1 ISO 140673 Tiikx e = B = fit ik JE 325 401 35 £l FH 2 ok
70%. HA . ShESFEZGHERGIE 1A Sk R BV EAE FIbRR A TR, B By o R Esy 1 ik 2k
Bl e, mrp R EEAGE (PR R A an SO JsU SHESE ) (GB/T 24040—2008) ') il { FREAETHE A
A RPN SR 548/ ) (GB/T 24044—2008) 1, A TRIEIWIHH 1 il AR R A i, FRASAe i E i Ay
My R | BT R AR, I HESIRRR A E N AN RN, (BRI I S AR B
TERLHIER B, Bilan =i 2 il b EsRAER ) 1,

SR, BAic IR RS, B NIMEHRMAAAERZHA T RS, B2, iR
HLD P AR PG, W REAPERRIR . il . 2. . PRI, Bima IR fEfr e
SEHERUREE T, ESEPRIEN R REORKERT . HK, NSNS . S RS RS —, 4
Rz M, PPNESREHZRNBEE. 1, SCRATIARBREAR R A FIN ] IS —E R, (HOCHE,
AR B LRI, MELL IR A ORAK R HRT . ok, SEtRA 07 SRR T Re B TR e Al
SEHIERTAR, PRt A PERERATT I B S I R AR ISR ER . BRI, MERRARBIT I S S 7 ik J2
AR RA AT BRI SR, HE8h TR — PPN IARRAES, . 7 Bbn 2 T LA S e B BE &, £F
B BER T AT R TR

gi LRk, KPHREVE AT RE IR A BB G oy, DU 56 S OGRS B P 5 e i 2
B ER k. PR T 4 Fhe RPN AR T, JFEET LCA Jrik, S5 1OGIR™ ik /2 35 0F
MIELEENIMORIFE IR, TR T T BT RGP db i sl PP N PR, gl 7 OBIR A R BTk
REAAME A S5 AR R P BRI, 80 iz RS2 2 . il PkanaE ALy, siana
He) IR R AR TR L T S 5

1 RETHRESLZE

“Bic /2378 (carbon footprint) ”FHELIH AT IEWA R HLHT (Rees) FIFL w4945 /K (Wackemagel) ! s fbHifiA A2
A PIH PR S S ARSI A BAE DGR SO AERZ I . AN R 300 7% S8 T 2 BRAS B T #4 (global warming
potential) 5 arE, JEFEANTES) . HLRRE AR EEAEEAE R E, L CO, HECY & (COLe)
FORI,

A 1997 4 CRHSCES ) LR, Tl bEZHRESAHA2GF e S —RME, 5IA 755
HEASE Gy L], sl 155 = il i e S, SEmIE R T acHEBO NI . 2007 45D & B
sl T=m RN, R T EPRERHEBOTAN B R e . BRI AT Xk B R T TR A, B T
Al N AESEZANEE, SURPEHSE B RS 1o el ry i X, 2 3R 14200 e A T
PEBOANE T, RIGFEAE 2006 AFEHEN 17 hiibrnss, FR T FOE AR IR, o 2 AFfERIED S
(BSI) #EH BN ARE PAS-2050: 2008 $244E T EZESZME", ZJ5, GHG Protocol-2011"% F1 PAS-
2050: 2011 PRIIARMEIG R 583, 5 1SO-14067 He[EF4g a1 Y a5 iY [ Prifk 2 B P EALFRiES . FAE 2012 48,
INGWERSEN 5 STEVENSON" giffiit, © & FRSIEAI L H PCR AL 300 4>, SR, AR
PCR PP AT o R iiigaok, fgdt— btk D Ei P e
2 R mR BRI

2.1 HRETIFNHEFR

W SR I PN ER — PR AR E T BN ™ . RS B = i BRI W v, BRI T
KT U DOHE R DG B, BN T i A A s, TR B R . ZE
TR, BIFETRARRA, MR PR — BRI Rk E &, AT, FLEARA 1 (input-
output, 1-0) . AAFEHIEMEEL (life cycle assessment, LCA) , IPCC 1§ H Ak b Bk, FAF= L
SR R, SE ST P R AR TR A S ORI e T AR
R, AAERORAA)Z R Z BIBR G Az RPN 0 A = B T At B o rhiscbii, 7%
A THAT RO Z TR SEEAE Y, 207 kimas Hina S, JuEFE . W, sEmiFm ey 4 4
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IR, ARSCBRR A R i R S | ABIWNR 2, BAS BB AR SRR R AT AR R B 2 RN
IPCC W32 T8 T LT A il s SRR, B =15 sh B < HE R -, (HTCIH IR 58 2
B mebi™ . o il AT B R AR (AR IE) MERHERCR! >, Vo —M IR T A,
HEMERI RS, (DA THER, B XETRE AR E RS S 1L

FESIEAIPIR FER AT A BT, LG T T 2007 AU EBHERURAE, $R3) 1 EiRE] R
JETHI K FR . ARVESEN 252 SR A= A AU DAl T IR LSk i (A A AR 30, 75 B4 BB Sy
7.8 KgMWh™'. KHAN SEC PR AR T 4k i . IRAATESE . BRIRTHAERI ALY GDP Xf CO, HE A5
M), JF5E T Ao 2 1O A R v I S PR I 2% TR A it 2 (EKC) DAt & S B TEE I G &
BOAMAH 5P LIFR[E 1980—2014 473k i A 1 34K RN I B 57 52 WA PR 2R A AR AT PR I8 18 0 45 52 Ry 6
R T AZEHIGA FZ5 YR, abEdtr . i MBEIRIEFE, KB TAP SRR N JE EKC £,
SUO %P 454 i BEIR RS 515 UG oL, FHEM T 2 Bk 2 BUBOHIREHLILRITE (TTSP) , fEEA 3L
ISR E S50 T BRI S Y HE X BN R GU S M, ETREIR . PRS2, BURMIRR.

2.2 R BIEN T

PREHODA F1 PEARCE ¥4 T 38 EMAMEAD LR & r 00 %5cHe , 3l 3 AR AR B AR AR & i o
PR A, RO TIETH BRI A X E SR AZM@R R 154 . SUKUMARAN F1 SUDHAKAR® 7347 1 E[1E
PR CAR & f 5 s B, R FH e ] 1 2 () SO AR R FL T 28 B R O T i e A vk o
REN SFP R A= LA . FET EBM DEA BAIHSGR P L A HEFECRIE TIFAL, AR E ., +
R BUREHRREMAKHACRNZE R, RIFEIEARHZE . SANTOYO-CASTELAZO 40 it -/t
R R AT, , AR R 5 = B AR FE R = S MAHERY 84% , KPHAESE: (SoG-Si)
A re B 35% LA E, RERE BRI 1.6~2.3 4F, R SAHERE A 60.1~87.3 g CO,e:kWh'!,
MARIGO"" ZE 34T 7R 2000~2007 4FH EF=RELUEAE 70% HUsREEEH, [H BFEREA M EorThiiEalE:
AR EBRFIEEF 2, E2AF, CUCCHIELLA %% 254 K IHAE RIS 00z, RIVE T B 2cksn]
T4 8.5t COLe Il 2 000 WOTH A . GUO S5 3 T i EDGIR A LR GELE 1 000~3 000 h ARl
ARBOCRERFEERT ] N (BRI R 2~6 4, 087 T R PHERSACE X RRISHE . MDSCRICR 0 B 2E 52, A
U0 R T A AP, DL L m? SBIRARA SO, TR 2 e BER . A,
HL AR ) K 94.07 (58.5%) . 23.38 (14.5%) . 15.38 (9.6%) . 28.02 (17.4%) kg CO,e.

Zr LA, IRTFEENEMEIIENE (LCA) 8 2 RH, BERS . i b e Eam s
s, AR IEADRRIBC, REIEAE ™ . P il . B R AANEE | PEPRRIAL A A R BT
LCA ERDGHRT it il P EANAMNE T EINBIERYZS 1,k Tl BAERRIRH R IZETT . PR FENGR R, X
I RER A TEE T,

3 BERREREREHIRE SR
3.1 BRETFMNER

HARE = iR A, BRIREE L . 2R RATSEILRAAh, R OIRA SRR A
SR IRED TR B BRERZ N T . e, BB T @i AR . B AT SRR TR R 28 RSN,
PR R Tolk ik, ARG SR EEAE; SR 87Es R 1R s KIRRER 2 ks 5
E | OEVE, BRI TR, TEaERE, JEUIEAS R R AR AN TR B E A R . AT
TR e, TSNS S S UIRIZ T R . RER S HORIZS . 2B BRESE T 0
gl AR R, SEEA . PVC BRESEA R B RAA N, Z, SGIRARTA R gL R OGR4
G, FETWARES . SRS LA SRR, AR BORE, R FERGEIE S, FRE At
R 1,

3.2 HAREEREITTENEARTER

FEARF= A I A SN AR AE . HAOMERRIRGE . P iohaesnr ., =i R, A
1 VT TN £ i o L A o 1 A e 1 7 Rl 0 1/ A ) 3= R v o e I 9 5 e A W e e i |
RGNS, T P RS . LSRR R G 4, SR E R S5 2y n U5 &



5510 G REE: HeFLCATN LML ShBik A b B (AN S (AR B 2975

BIE
H1 [
T
T i AL
it Wik
%%\mw____l 1 ]
A4
etk [ o g 15 || FEs
*M*m*ﬁ*ﬁ'm*gﬁ
ik, PN s ne
Bey | i
B g [y 8 fat
B, . okt 3 .
A e HEML | | e

El1 SREHFRARTZRIE

Fig. 1 Photovoltaic power product typical process flow

_
»

HFRRVES ! etk ey g !
" e

e I i
| v R H

R B ; ETPRLE R e IR 1

| - L

T i

(I 113 |

I Lo | I

LW e i Bl i

T EHEZR TR AT E 2 AL SN TR AP TR, A S b LA SR B T HE
El2 NREH-RESEAPRGILF
Fig. 2 Photovoltaic power product life cycle system boundary
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Ll
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LCA fEABHEERIE L NI R A RE s AR rPROPMERERS, FHT B LA DIREER L {53
ARXPASAERRERI RN, SRVHHE 1SO FrfEses i ilid e, SN Ul & i i Tk, AMUA]
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PRA b RERCR AR, (S G o ET T R GIR A & B, JEACKE L Mgl R AT, S8k
HS T TS A S, B iR, HIREZRICR AR AR IRAE 25~30 4R 44, ASKRIUAEN, FRE
WA SR S — I K HAR R SR A ISR o ARHE BRI PN R, 25 SR RNSOR FHER 1T ELAARIR L AL TR A D5 A2
TP, WRRREERRAR T AR IRA, KRR TOGRE 7= ik A 2 R R . % 0PIt
FER B S PHA R, 5 ArmliEo WEEEIR . 2850 | ifiR] 3 ANMEhnxt Bl . W s S T
Bl S I T, DUV TR i PR AN S A . o, 7 A S R A DUk
FeAa S HEARIT 5% B9 TR Bt AR BURE AR, 34T GB/T 240402 1 GB/T 24 04453 (3E, rSdis
XTI AL A . YePraiiE s . Ay . RS R, =Rl . AR . BUR
AR EFSETOE, AR SRR AR A = SR AT AR, T SR OGS T REDHE S LA ik
T SO T, AR =S n B, =S ¢ I BRERSE (1) 8.

bT, F, g:bF, g+ Z aibi,g (1)
i=1

K. FOHHA 5 1 kWh ERHE; by, WATHREERA FOMFEERRE SR ¢ (M EE T, kgkWh'';
by e ATRERA FOMIEMEREZE SR g 707 AR - i R0 L, kg kWh's n BRIl 1 EUE
a; VAR R RRIRAEAE P i RGP T R | BIDRESAAI Y B HANAER, SRR TN TR R AR AR
JB L B A AL BRI P AR AE 7 R G ot B i BT RE PR ) BB e AL B R, kg kWh!
Nm>kWh™'. MJ'’kWh', kWh-kWh™'; b, J2RESAK ¢ FERITRE | B9 HiEME, kekg'. kg Nm™',

kg-MJ™'| kg'kWh'', %1 BRESHLIRERES
P S AL PEA R IR S SR 100 4E Table 1 Greenhouse Gases Global Warming Potential
IRBRASIE S, W3R 1. PRT—
A o R e Rt
R AR AR (2) THA GWP100
- A AR Co, 1
C=) (Qmy) ()
; F e CH, 27.9
AP O R ke LT NO 73
CO,e'’kWh''; m, MRS i HAn R0 s a4 SRR HFCs 4.84~14 600
H, kgekWh's mi=brp,; QNRESIKIAE LI PFCs 7 380~12 400
BRAZ BRI kg Coze'kgﬂo SR T A= &R NEALEE SF, 25200
AR R SRR A (3) 7. L NE, 17 400
Emtalza.Ppeak-RSL (3)

RA: B WGIRA MW A B S, kWh; o WZHIFBANAE R R, kWh-(kWp-a) ', 7EHHEiZEmnt
WA GB/T 3985720211, Fuh OGRS . FRIBRIER | LIRS BRI B | Lk
Ll RIERACREIR TN Prea MEFARFRIEEIIZ, kWp; RSLOGHETHLFREE FOLRAUE BS54
v, a; MRAE GB 550152021 FRfIREREL 25 4F, DA—FRFRIE(EDIR 550 kWp, BEAFRCREEN 2%, st
FRERTEDF, 0.5% MPRAHEDCIRAERB, A @) IR A E A =R 13 673 kWh,
la-(1-2%)+ 24a-(1-0.5%)
ol = 25a
P AR A 7R b R P SRR il A A TR AT 1 AR IR RDEIR B F1 R 6.99x10° kWh,
WA BRI B S5 51 8 0.04 467, 0.00 164 kg COe-kWh™', (5 EE 0.04 631 1 96.46% . 3.54%, W]
W, SRS AT RERE SHE P8 T AR LG, APl s B BEHEE I E R

4 g
4.1 RRFRRETTENAIRmE =
D) AR MBS, . 200k, APl Jerkifh . 9eKREREE; SBiRkmubin MEPRRMEE, FELES

-550 kW, -25a @)
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. EMEARRIZHFE X, P22 22 R R AL AR AR N 2 — . AR, FAN 050 2T
Afi R, XPEG T 4 FPEE R 7R A AR A H A A B AR 2 I 5 5k ECER-135, 455 R, S-P-Si. S-S-
Si Fll M-Si fif A XTERES (52004 2 M-P-Si fiEF 10 3.3, 4.5 F1 2.8 f%. b, SEEMEAITHA A i &
H—FhELA Rk AR LS A2 SRS AT KRR, AR T i, W E AT FE 0 Mg, XFpe
MWAE 35 °C FIELELL 5 a FEIARE, fERaE ey 80% LU - AUIE(ERR, I B E 080 1 il 45 R vh BB
O, RIS R, Bl RN B R K s E AR . AR S R
SEMm A A R N AR R

2) JARF= A P THAE R REIR RIS R B . Al BIRIRARR, LAbsdl . SHfehbc ™ E, —IK
REVRHLN Y 80% AT T IRATIREE, K1 STV 70%5, FAN 050 KB, EAerb e ferh LK 1k |
B, BER B ECER-135 KB & RN 50% . WAL =i BRRERE, AAAFEINREEMLT 15 C B,
RKEHEKZ NS I B TR ORMIALI TR, (X 4 DA TAERHGERTTZY 2.45%10° kWh, I,
DRRHET 201 t5 K L 4] 52 23S 1 XU AL A K IRERGR VS, AMUREE TR 2R, BHFEEAH
Hi 7.89x10° kWh, WA 650 t°%, 746, “F2IEt LK K A RSl iz g 2t st . R I
BIRIEAR RGN T2, AR IR T ICOR = SRR 2, 729 T FRERBIRTT .

3) DAk T2 B AR o0 J BT O 32 8 ) 4 B AR I A AR S B R A % FH . LAURA 2504 3§
LCA A TH RG] 1. FHUA S %t (UMG-SI) BT R 5156 & 7 e v s i s m, &M
Ferrosolar /R 44k T A MR = AHBI R T 20% . GEIRIFHREWIZEME T 25%, FERERIHFEMEL
SRATT IR EREH . 746, HAHIESLUA R ARG T b O i & B, 78
85 C. 85% IBJERYLEIAETH LT 3 800 h A RPN, AR MR AL, w] DL BT
K, T T rEAERE, TR T AR . HARIES AR A s A = i R AR . S
R AR AT e =, Bkt T rb 2y, ARt 7 ReHE

4) WHER AR CAR T ShB FE 18 fd EEadARR . REWTAE 2030 AR IR AR i,
90% FATAL R 3E I IS FE A iR . 2RI, B AT, Bz 52 ve, iR e bess
FBT, 2R R R TSR AR T2 ek, S TIRGERE . miie, Rm T REZ SN ER S
F1o FEATAEP @S PR | AT HUAE TR . TONURRIA A A o Bk, ORI Tk (3.46%) . BYEE
(68%) . 41 (17.74%) “FAHMEMTEIR, HAWKIIME S ST E.

42 AR EITEHN AR

1) Gi— AR | FEREHRE . BB AR AR . A=k IPCC i Huyk 2 E s L
TR TN T, (AR AR E RIE G — PN PRE, AR E SR X R — ™ i)
MRZERAEAE 225, MELATSRA PR AR ARACERBRHE AL R A, 7E 2022 4F, REZMEE . fit ik
PR = ISR T T 50% IR G, iX— @R E 7R 3 N teE kel (HiEk= =
b 1 Vi G 4 i RS B HE TR A R 2 24 i T I ) B R MR — o RV R Y Ecoinvent FI{E[E Y
GaBi ¥R ENZS%, (HIEPEAR EARERCHAA TR AN Z5 SR8 28 = N LA i s 2
SR, HAU RS Tt i 32 2 Fise .

2) G SN TRt < REERIBEE AR LB, TFE e R BT R B A A 5 LB
PREFAY, ARG TAERCLREIER ., WAL, R ARBRL R w255, it
AL AEPERERESSA . T 2MIRERRE | ARIEHEE AR AR LT PN 1) R 2 BRHEE R A e P
52k, BT AR DR MR, JCHUEAE MU D . Sk S o R . iR S E TR
BB, BMNASECE S BERFE, WK AN, ISGERE A R . A
AR, BB SRR S R RIS A an R, e N AT AR 2 N I
P B, DI TTHIES G
43 HKREEMFEERERNELE ST

D) HAR: KIHAES KRB B P CARNGE SRR A, 8 TR A . o SRR aR 5N ik,
(ARG A il i i FEREFE I iy, AHIRIHLA S T SR & RS 2.29%10° kI, BEVA[RILZ) R 1.58 4
MR & HAY 6.80 kI, 0.53 4F, BRARFHREFIMAHIE B AT EME —PRRARHE . $JETHAeR 2 A0, Stk
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A H A 1 RER RENE I R 11

2) &5 FEBUNBOR A SHEAAMEREL T 1 kWh SR &S5RI KB AL N 0.21 T, EYIFE
Hik 0.05 JC. MESTAEGUIRIE X &, HAb & s A T Al A . A U T R & 45 5
AR BRE S E7- Y GoN

3) I JEREHAESEL R 4.141 hm?, 35 FXEEAY 0.002 hm?,  HAYIRE S RE AR 2 I
ERe A E RIS, (EXHEARS A RELRE R, 28, 487, AR, HAETF AR SR AR |
ERSTIRS . DRI, XU AR R BAR T T REVR, (EOGIR T INA S B AR A, s
WIEARIEE B LA E B REIR I I BEAE . AR | BAPRL ST I 3, it — D RRARRRHERL . T
ROR,

4.4 HREIFERRERTSE

1) BN AL . AR S M, ERAT IR IHZH AR 1.5%10° t, Fiig 2 i
IR RE A LB PR TR AL ) O v R FE AR T AR RIDR RS — R 0, RES AN ZE B, UL
1A SIEEIREIR, T H A R TTRR S, SR IHA AR L, 2R8E . G5rEs il UL ER R
e, Holim RSB RS F1 . I7E 4 S R T BB NS s DGR IR IHA R Il i, e g —
bR SR [RIE, RN . KEdE . o HEEMSEAR, SCRTRERT . Zerimm il g8y &
ERR, MmN R; M TR AT 5 5 -6, e i et R IHA R S 5 5
AR BERICE RS, IR IHA S BB PHER RSO — R

2) il LR T R, RARARHE S & AR . SBIRPE B IRTR 2R, EEAEEER. 5
4. BEEEAN PET WEAEmFEREAL =Rl Tt 2025 R E 2 ik PR = e =R 2 1.2x10°~1.5x10° t, kL
2020 AFJEY K 2~3 £5ON, AR R HE R AT LAY o S B IR 4 B Sk A T S ML 1 R R R AR g
119%~74%, T/ RBRPEM BRI EZ N ATPERA SHReR . KGRI e RS 44,
/B R TR A R s IR SRR BE R A MIRCR, BB R R B AR RN
BRG . WERS. IR, W E AT IR TR K s SE T IRBURRHERASE i, sihi4mt
MU A IR AL AR (0 (5 ORI SRR

3) ALIFAT RIS AL S A P RERE S5 . Rk FRIBARERERE S I Tad R, BRI ALY . S ERE
HRERF . NG b K BHREHL Ith (DSC) FIFEHLRFHAEFEE (OSC) & Hurk R AE nl A . HldE A, 3
BEsi |, R SCRAE R R TRy, Er BB LR S, SCPUSERERGaE: . W, fEh e
REVRVHFE, JREBEE AR, RERER S BRI S AR . TTORIESEE . SR HR
KAWVEHDMRE R . Al FERAWIEFE, WrI AT AR i e A e R b BmscH . 3l R
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Abstract The power sector, as the largest source of carbon emissions in China, faces significant challenges in
emission reduction. Since photovoltaic (PV) technology play a crucial role in facilitating China's power sector to
achieve net-zero transition, it is of great significance to conduct a comprehensive and intuitive life cycle
assessment (LCA) of the greenhouse gas emissions of photovoltaic products. Introduces the standards,
development process, assessment framework and methods of carbon footprint assessment for PV products. The
advantages, disadvantages, and applicability of input-output analysis, life cycle assessment, and IPCC inventory
analysis methods were compared. Carefully examines the application procedure and computational techniques
employed in utilizing the LCA method for assessing the carbon footprint of PV products in China. The research
based on the main study boundaries of raw material supply, energy input and output, transport, construction,
installation, commissioning, operation and maintenance, the system boundary was delineated into upstream,
core, and downstream stages, elucidating scenarios for including downstream processes in carbon assessment.
The product types, structure of the energy use, process workflows, emission reduction technologies were
carefully reviewed. This was followed by outlining the challenges in carbon footprint assessment for PV
products, including methodologies, costs, technologies, and policies. In addition, a comparative analysis was
conducted among PV and other renewable energy sources in terms of technological, economic, and
environmental benefits. Find that the resource demands in the upstream PV module preparation process are
diverse, with carbon emissions accounting for over 80% of the total. Finally, concludes future directions and
recommendations for green transformation and development of the PV industry through low-carbon design. It
emphasized that the development and utilization of clean energy, typified by PV, were indispensable to fulfill
carbon neutrality and sustainable development goals globally.

Keywords photovoltaic; carbon footprint; life cycle assessment
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