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Whole lifecycle assessment of carbon reduction benefits of wind power in Xinjiang

DU Wenjie, GUAN Mengxi, JIANG Yuan®, CAO Penghe, WANG Ze, KANG Muyi
State Key Laboratory of Earth Surface Processes and Resource Ecology, Faculty of Geographical Science, Beijing Normal University, Betjing 100875, China

Abstract: Assessment of carbon reduction benefits of wind power contributes to better policy-making of energy development
from a decarbonization perspective. In this study, we employed a combination of the life cycle assessment and wind power
generation model to evaluate the carbon emission and power generation at the provincial and municipal levels of the whole
life cycle of wind power in Xinjiang, a region abundant in wind resources and in need of wind power development for
achieving decarbonization of the energy system. We also quantified the carbon reduction benefits offered by wind power when
compared to thermal power and photovoltaic power. This approach effectively addressed the insufficient consideration of
spatial differences in traditional life cycle assessments. The results showed that the average electricity generation of wind
power in different cities of Xinjiang was 13.1% 10" kWh. The total carbon emission over the life cycle of wind power
amounted to 3944.24 tCO,-eq, of which 1424.79 tCO,-eq could be reduced through material disposal and recycling. In
terms of carbon reduction benefits, wind power in Xinjiang achieved an average reduction of 906.72 gCO,-eq/kWh
compared to thermal power, accounting for 97.44% of the total emissions of thermal power. The priority areas for wind power
development include Hami, Bayingolin, and Beitun. Compared to photovoltaic power, the carbon reduction benefits can be
as high as 43.85 gCO,-eq/kWh ( Degradation rate (DR)= 1% ) and 169.84 ¢CO,-eq/kWh ( DR=3%) , respectively. In

this scenario, wind power should be primarily deployed in the Kizilsu Kirgiz Autonomous Prefecture, Kashgar, and Hotan.
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It should be noted that there is uncertainty in assessing the emission intensity and carbon reduction benefit of wind power at
a small local scale. Further evaluation is needed to obtain more refined results. In the future, there should be a strong
emphasis on the development of the local wind power industry in Xinjiang, creating a green supply chain and accelerating

the development of disposal and recycling technologies to enhance carbon reduction benefits.
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Fig.1 Spatial distribution of LE, CE and WCEI of wind power of cities in Xinjiang
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S 2 S L DX I B B B FR T b AT R L2 AT KU R, KT R R ER 4 s #) 23,5 %
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At e i 55 B 8y 2% [ 32 A6 A8 20 URIUBEA T 78 RS ), KGR 43 1l DX PR T Rl Ak Ly 1 0 b i 25, KUBUEAIR, & FEL AR
M-S PER /N, T PEERAZ R LA LU I BE A4S0, XU R e H e KO3k A, HerposU T e {1, R -1
K1 32.68% .,
2.2 KMLA A R I HE R

DLBE (451 K A 2B i A HEBOI G (B 2) |, 37 Az 3944.24 1CO,-eq HEC, b A = o B HE
i, h 1963.27 tCO,-eq, i MHERCE Y 49.78% , 3= U8 A0 AV ) ST #E 7= AR iR, dads 4o
IR HE 711.43 1CO,-eq, For HERCIE A IR EE + 55 BUHFE M BEIRTHFE . A0 B B BEHEIK 678.16 1CO,-eq,
DU FIREE A B RO 3 iR AL B HE R D . HAB Y BeHEBOAL & HECR Y 14.99%

394424

2519.44

R

2 #EE 3.45 MW KL & & FEIRHERL (1CO, -eq)
Fig.2 Life cycle carbon emission of 3.45 MW wind turbine in Xinjiang (tCO,-eq)
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AL 80.25 ¢ HEIL . RO RA L AEFE AR BB AT 43 0 ¥ s 2 15.35 14.3 F11.93 tCO,-eq,
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& J KL 4 i JE IR 298 2490.45 1CO,-eq (36 1), Ab T Hrsm e AR F, JLEBHERUR |, v rg B HE g
% KA T A IX, 44 i LI HERC A 2561.28 1C0,-eq , 5/ IME AR 224 70.83 1CO,-eq.,

R1 HFEXIWREEGEAPELEE BAHEHGEE

Table 1 Life cycle electricity, carbon emission, and carbon emission intensity of wind power of cities in Xinjiang

i LN etk ﬁtﬁﬁca’%rg/ " v ﬁf;“fﬁrf‘ﬁﬁc/ HERCR
Cities x107 kWh 1C05-eq (gtoz-veq/ kWh)| x107 kWh 1C0,-eq (8€0,-eq/kWh)
LE CE WCEI LE CE WCEI
By B S X 11.79 2538.38 21.53 SRR 13.70 2506.08 18.29
BB JR i 8.39 2537.72 30.26 SEACHIM R ST AL AR 18.77 2559.48 13.63
Wy i) 2% 41X 17.50 2514.92 14.37 RE 13.54 2560.77 18.91
EEERBE S AR 20.28 2511.48 12.39 A 5.40 2497.50 46.26
e 19.84 2512.45 12.67 bSehN) 4.29 2513.95 58.66
/RS E B M 11.81 2515.36 21.31 B IX 14.59 2518.41 17.27
B Il | iR M 14.33 2492.24 17.39 B 5.26 2513.48 4774
I T 23.51 2507.19 10.67 FIAEF 5Ll 11.04 2549.30 23.09
T 3 X 19.91 2557.03 12.84 LR =i 16.96 2495.79 14.71
LGN 8.10 2504.66 30.93 L& AT 15.53 2490.45 16.04
WA HBIX 16.46 2561.28 15.56 HEEH 7.24 2492.94 34.44
EERS A 7.51 2523.98 33.59 TPAIEEE5E E A M 8.97 2524.98 28.15

LE; "R & HUE Life cycle electricity; CE: BHEAL Carbon emission; WCEL, MUHLHERLER & Wind electricity carbon emission intensity

2.3 B & HE R

R FIE o AR Y s R % L HE GG (WCET) A 3 B HE 25350 IS0 A0 G i e i 2 A%, o v 30
T = (R (B 1) SFERIKOE A 23.78 2CO,-eq/kWh, 16 T HERGR MR T ILEE (R 1) . AHBHY
T S S A A kAR T R A i ARHECR R AL HEBCR AR, AR R M T
HER BT BIHED D 55% , HER AL 10.67 gCO,-eq/kWh AEHS ALt T | o] 481 2 3 X035 S DX 0 ¢ 2R
W F AR R HE ORI HE R B (R R N B X S A S AR IR TE AR TR R A X AR AR
KA 58 T A BB i, HERCR BE AR AR . P Pa R By A Tl 7 BRI DG T RO 7 = A b DX HE B e A0 IR
FHRSAIE, (AR T & B 1A T P A b i i B AR, HEGER R T 45 ¢CO,-eq/kWh, i XA T 35 %]
58.66 gCO,-eq/kWh , B EY{H S 147% .,

2.4 JEERALER 30T

ST K HERIGE B R 930.5 ¢CO,-eq/kWh, RUER SRR 25 F- 3 7] 3k 906.72 ¢CO,-eq/kWh, i kL ELHE
T 97.44% , FRWTH R A S KRR LIRS ) o FEABR T R 25 b Tl K A HEOKOE — SO AR D88 £ 25 1]
1A S HERCER BEAR S, BVARTS | 4 R AR 5 =, TP PSRRI i s AR (B 3) o s T R R
XU DB HERSCR R, i3k 919.83 gCO,-eq/kWh (3 2) , B K HLHERIUIK 98.85% , SRe I B A2 T XU 117, DA 5 2y
871.84 gCO,-eq/kWh %70 50 gCO,-eq/kWh , [HIHE L FIHK IR 155 93.7%

SR HEREXT L, A DL PRSI 1) 24 DR N 1%, % JE XUH o] 886K & v ek /b HEK 43.85 ¢CO,-
eq/kWh, (5 GIRBRHARBOREE Y 64.84% , & 3225345 T V5 ma # AL an sw 508 0 ART 7R S50 1 A M Ak e i
(& 3) IR 53 A0 76 2R 30, Fa b DU 38 2 I T 1 347K 1, 325 52 f0IR 20 A1 A0 i A ™ el i3 S AT IX B
WBATh R T 0] Ak P H AR S e A T80 T, A 9.5 ¢CO,-eq/kWh( 3 2) {0/ 13.93%(1)
HEL . 2) 24 DR 9 3%, [RIFEA 7= 1 kWh HL, XU AT BOGAR & LI HEL 169.84 ¢CO,-eq, I8R5 1 442 55 22
87.72% , WAL 2525 (B oA S i — P 50 & AR 3 AR A (T 3) W T S A T DX R P il e 3550 25 AR SR 85 o
SEACH IR SE A A M Ak 28 foe g o (H 2R 3 M X 2 B2 5 B A S oty YA M L B L AN i R T
R A N SN ERTE R 3 € RO N RSe A v B A O - 1 PR ey el & =) IN IR 7 N AN e v AT R B
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JCARFEDRAR AL o, K 8 AR Tty A A 38 i K P DX A B T 22 32 0k 26 3l DX 'R e J 32 ik
FRELMA A, HE SR g s R,

R2 HERWREBREANRERK(DR=1%) FK(DR=3%) BEH
Table 2 Carbon emission reduction of wind power compared to thermal power/PV (DR=1%)/PV (DR=3%) of cities in Xinjiang

JRNEERS MBS R 5 RN Mgtk 25/
i KHESR (8C0,-eq/kWh) it KIS/ (8C0,-eq/kWh)
Cities /(8C0,-eq/kWh) CER, Cities (gC0,-eq/kWh) CER,

CER, (DR=1%)  (DR=3%) CER, (DR=1%)  (DR=3%)
o] 5 A X 908.97 48.99 180.39 SEALE K 912.21 48.49 172.89
Ber /R i 900.24 39.54 169.57 SEACHAMT R SE A AR 916.87 61.28 200.85
) 2 o X 916.13 55.74 186.36 BT 911.59 52.40 185.25
EEEBE S AR 918.11 49.39 164.47 AT 884.24 18.78 139.96
Jeriri 917.83 57.07 186.99 bSehNi) 871.84 9.50 136.48
MRS HIR M 909.19 47.56 175.87 X 913.23 52.35 182.05
B [ M 913.11 45.56 162.83 BN 882.76 17.37 138.67
T 919.83 47.77 156.64 [ A& FE T 907.41 49.26 184.06
I X 917.66 57.29 187.95 LR 915.79 44.81 155.71
iU 899.57 35.24 158.52 =2Vl 914.46 47.44 165.70
WA HBIX 914.94 59.02 197.98 HRE 896.06 30.36 151.08
LER A 896.91 35.71 164.84 ity o E R 902.35 41.42 171.03

CER,: M A HL25F Carbon emission reduction; CER,; KHLEEIR2EF Carbon emission reductiony; DR ; TR K Degradation rate

BEK HLIR BN AR/ (8CO2-eq/kWh)

K B Y R IR 25/(2C0,-eq/kWh)

A4 910—920 Za 5871 DR=1%
XY 900—910 Y 4558
E=3 890—900 £33 3245
[T 830—890 O 19—32

B3 870—880 B 6—19

BRI 35/(2CO,-eq/kWh)
A 188—201  DR=3%

Y 175188 «\\ 1 300km
E=3 162175 iﬁ‘%‘}\g

-d

[T 149—162
B3 136—149

——
— AHAHR
— %R

B3 FESMTREERNE KR (DR=1%) FK(DR=3%) B EE S
Fig.3 Spatial distribution of carbon emission reduction of wind electricity compared with thermal power/PV(DR=1%)/PV(DR=3%) of

cities in Xinjiang
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3.1 WFFELE RN L KA AT RS R M 45T

AR SCRR A S5 b XU B A% 58 1) 3 i 45 b v XU R A HE R 9 B2 7E 10—59 ¢CO,-eq/kWh (3{EH 23.78 ¢CO,-
eq/kWh) , 5EZMNREL LCA SCHRZERZE R 1.7—81 ¢CO,-eq/kWh ™ F1 5—30 gCO,-eq/kWh">** (>1 MW) $£3T
TR TFARHEBOK -, e BB g XU & g B Pl 5 I m o s [ 3R A A TR s e
(149 DR EEL I Tk e B2 R A S8 251 8, , AT I ey /N RUEE B A, 45 A 250 mx 250 m 23 [A] 53 3R 4 A ml & 88 XL
FL R B fe/IMEN 5,08 ¢CO,-eq/kWh, 3T 68% I IX 35 B4V & F 2 HE /N F b [ SE- 247K 5F 19.88 ¢CO,-
eq I /NTIGIR K HHERR ,97.26% 3 X HEBUHR E/NT 100 ¢CO,-eq/kWh, 378 /NTF 2k F7 & B HERL, {H )R 35 11
DX A2 P35 RGH R /N s ), LTS B fe R 8 930.5 ¢CO,-eq,

3.2 K 2025 AFEE IR E VA

fBi5 2020—2025 4F-4% 7 L 7 2K FUXUHR L DL 2015—2020 4F [RRE 9 5 B2 A8 46, AR 4l 2015 4F4%
T L 7 T8 B KT LA S 988 XU & B B8O AT HEE 2025 4545 11 ) & BB O itk — 2B A% B8 2025 4R KU & LA
BT K7 R Rk 25, 5 1 S A 7 i Se A (S5 AT ) B i ]S ) S 350 A DG B A 2, S Ao
W AT A IFAb L, S50, 2025 A7 & R XU IR il iR 4.2% 107 1CO,-eq, 1 2019 4FHTHR AL A %
BHRGR A S i (BEok B CEADs B8 8 ) 1 9.31% 52 H, I 75 R R XL U B 80 4 A [, 2% T il e it AN
Al BT [ G M R oK, 35 F) 1.26%107 1C0,-eq , HIUE B2 LS & RS . b S i /D I 2 7
BOHIAR ST A M, BA 8.1x10" tCO,-eq.

3.3 JARAL RS R A BT

P SRR A BT 45 5L HETCR 7% IR 2 L RRHE 03 RN SRR AL 25 5 Wl e K 5 K LA B o HE R PR 1
SRR B IR T 5K 0.95% , 24 898.15 gCO,-eq/kWh , ICHE BF -1 54 I B30 2 A Al 75 54 85 0.19%
FERIRCRAE IR (19%) 165, S HEE R 15 Sl a5 -5 ARHER B 19 5208 AL 55 5390 58 FE i 1 7 s
D 19.56% FN¥GIN 3.93% ., FitiE SCAR LRI NN , = HEBC R 15 5 S ARHE R 15 S B Al 5281k 80N, 43
AL 5.05% F3E i 1.01%

HY R MR L, 5L, s fiks R s (SEAE s i) Al XU D8RR AL 45 3 i 0.03%
EAR K L 3s R S e AR R el R R DR D 55 45 18 N 0.58% ( DR =1%) F11 0.15% ( DR=3%) , 4k i
BEAN 1% , UHL A D8RR AL 25 AT 30 0.03% (5 k1) 0.54% (56K, DR=1%) A1 0.14% (564K I, DR =
3%) , Siz B A R

For R EAREFE, MK AEIR D 19%0F, 5 IR E , IXUH JBURR 34 25 # IO 3G  0.004% . 56AR &
HIAH LG, 75 1% 70 3% 208 T | 5 e XU Bt A 34 2 0 1) 365 1 0.09% 11 0.02% , HUGR IR EE 1, 5 )28, iX 2
F 40 LA AR 4 ] TIPS AR T AEIR A 190, B XUBL RHEA T RE T 0.002 ¢CO,-eq, HLAH FH 2k 4y
K B IR AR 25 J LT 1T 2

4 #ip

ASCE K A B AR LCA 255, W AAILIZ 5 0 A 1 2 v 1 R0 4 A i ) SOtk HIE S 2R A7 V1A A5 BT SRS
[Fi] b1 XX g H, ) Bt TS i 88 B G () 3 SR i, D0 G55 88 P DG AR S FL HE RSP X8 T, DA TS i DA
TEEIE B & R X e R A T PR R B DR B ok R R AR K A Bl Y R B AR
WRALES A3 AT 3K 906.72 gCO,-eq/kWh,43.85 gC0O,-eq/kWh(DR=1%) F1 169.84 gCO,-eq/kWh(DR=3%) , V5,
HEL 15350113k 97.44% ,64.84% F1 87.72% , Xof /b H I o () Bl HE TR BLAG 0 LA 2 S, 45 75 IR K L I D
W g AKF-  KUHL N BT 22 A5 SR FE R 2 17 | L A% 5 vty TR M AL H AR B S5t X 35 2% IO AR A9 sl e 3
%, UL AL e Al S 78 SEACHI Al JR SE A0 F A N e A R E b o S5 11X ELAS [] 50 248 5 0 sl i 358 4 4% Jm)
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FREERAE o A XU DB R i 45 2 M DX A A T T R T] ST MRS T 7% P M AR 3 14 70 A2 A B A A3 9 0
JESCIR I H o i AT TEAE A SN 95 ) DAty XURRL DB 8 i, A 2 [ IR IS R R e s o7 3 Tt — 2
PR IFTORGE o DR RTS8 XU R 4 A i JRLIDI HETSO F- 08 I Hsi e 38 A B8 25 8 AR R I e el o B il (B Bt
i | AR UL AR 7 Rz i it e P 25 S R BE DR A HERIC PR, LU TR S RS Sl AR 7 M S B PR s B A
A A I i KU A SRR B X S r e R i R I PR R R AR [T AT AR A o S A R AT A A0 T A
Al T A , AR DX P, RS B AR Tl 8 2
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