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Abstract: [Introduction] International Hydrogen Council predicts that hydrogen energy will account for 18% of the total global end-use
energy demand by 2050. In the technical path of green hydrogen preparation, the electricity cost of photovoltaic (PV) power generation is
a key factor affecting the cost-effectiveness of hydrogen production by water electrolysis. [Method] Based on the solar resource data of
typical regions in China, a levelized cost of energy (LCOE) calculation model was constructed to analyze the PV power generation costs

at current and limit module costs, and quantify the marginal impact of photoelectric conversion efficiency improvement on LCOE.
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[Result] The results indicate that: with an annual effective power generation hours of 1 200, LCOE for crystalline silicon photovoltaic
cell system can be reduced to CNY 0.133 per kWh; However, the LCOE threshold of CNY 0.1 per kWh can be achieved for perovskite
solar cell, crystalline silicon-perovskite tandem cell and dual tandem cell system with higher theoretical conversion efficiency when the
annual power generation hours are 1 008, 1 092 and 864 respectively. When the LCOE for PV power generation is less than CNY 0.1 per
kWh, the cost of hydrogen production by water electrolysis can be reduced to CNY 6.16 per kg. [Conclusion] With the reduction of
module cost and the improvement of conversion efficiency, the LCOE for PV power generation in more than 90% of areas in China will
have the potential to break through RMB 0.1/kWh. Within this cost range, green hydrogen will show a competitive advantage in
production cost compared with traditional grey hydrogen and is expected to become the mainstream hydrogen source. This paper
provides a quantitative basis for the industrialization of photovoltaic hydrogen production technology, and has an important reference
value for optimizing the transformation path of energy structure and realizing the coordinated development of environmental benefits and
economic benefits.

Key words: LCOE; Photovoltaic; Water electrolysis hydrogen production; Green hydrogen cost competitiveness; Sensitivity analysis
2095-8676 © 2025 Energy China GEDI. Publishing services by Energy Observer Magazine Co., Ltd. on behalf of Energy China GEDI.

This is an open access article under the CC BY-NC license (https: //creativecommons.org/licenses/by-nc/4.0/).

[l

0 3l

Bifi 5 4RO AR AL 5 IR ORI 1 S IR 2L Tt
T, T DR B A 55 P R E BR AN SR SR, B A
R B T e IR & R LU D e Y . eIk &
VE R 1 7 RE R4 2R 00 SC A B, ST L IRBE Atk
S0l ARE R ETAEM . BRGREAN
Bl T FRAR T A% e Ak A RE TR A AR, o /6t 35 e /b
TR A SR ACARHE, DA R [ RE R 25 A
) 3 IR AR R SR A A A e A A, ]
AR fICR i S5 B0 B T APk R . X
T Y- PRI B Bl 7 3R LT AR IEOT & A
FH R E 2 AR, A R AR Ok R TR 22 4 11 R sk i TR
AR, A EL R D RE: BE AV i S RE VAT S
iz A 5, L RE R Ak T AT S B IR AR £ 3 SRR
Prigii & (IEA) (2R A REITIE 2022)48 11, 2030
HEAPRARET R PTA 1.15 20, Hrp R HE R &7
BTk 3400 77 i RE

H AT 3 0 0 B DGR AR 6 B i e . 2 ek
B RE R PR AR F i S o B et PR
SER I — 1, HLA B 1 G F R ORI AR
PR, BLC BN T 0 FERE AR 7 AR KRS T R,
2 ik LI A T 3 o5 A R AR 0 R B A
F, b DU 5 e R RR T2, sl Ak 5 2 ik
fER o AR R D4R A5 Sk R BHBE f b, L T
PL-TEALZ AL R0 SR UZ , FERCRAE T S5 w0
TR AS F2 ] 2 T R B S ), A A Ok

KMz KRR 2EFUMRHEAR S
T AARA, FERIER SR 7l B AR EA

Wit SGAR B AR AN W e, D6 AR K BH e A% 1k 3%
FRWE =, FEOGRA R Mg AR WL, B
B, JEAR I HEALE B A (Levelized Cost of Electric,
LCOE) MR 2L 8 L A | K H K, #iX
iz 4k o 55 IR, =2 G R i iR 5
LCOE % & AR f g i o5 e A iy F 5% 3
fili b, ASCHRSE T O HL R 3 80R 148 DL RO R A
4 WA 1 B AIRXT LCOE 19 52 M, I %5 oK ok 19 6 AR
LCOE #47 Tl . SCE 5387 T B4R LCOE X &
RERY AR 5 & R (R 5]

1 EH{K LCOE ME R

MECIR LCOE RREZ REMLLER., B
SeVS RANIR B AS, AR GIR AL AR 2R A I
B DA TR — WM S s LR a5 S e
AR, FEME H BT, R WRS S8
(AR B RS M TT 35 IR T B AR AR . RS
A A R IE R AR AR S (AR
YA, B2 TG AR ZH A Y O B 5 3 R X B IR LCOE
HAREMEH. CEELRE LRZARNE, g
T RS KGR LCOE AR R

FRAE B A BE IR s OB R & i R GEak RERLIE )™
SLhilt LCOE M AR A 2% S8z AT AR BR L r B . 4]
TR, FRAE I, B EBLHE N Sz AR 45 3h 2
SR, T A SE R IS AT B T AR Y
LCOE M&1A .


https: //creativecommons.org/licenses/by-nc/4.0/
https: //creativecommons.org/licenses/by-nc/4.0/

£33 kA, 2. Y6k LCOE AU AR U PE R B S SR A A =2 W 3
LCOE = [10 e Sl | 2 B8 FPRDS 235 FCHE, 2022 48 4 [RDB R - 29711
(i) Qi)Y A (i) JINEFECH 1202 h, TR0 H 42 b i 76 35 (X 80 i
ZnNﬂa?l)" (1) A3K 1500 h B L) b, SCEERREEER 1200 h 5 1500 h

A

i —PIR(%);

n ABBETHER(n=1,2,-,N);

N — R EH RGN JEI ()5

I, HARRGWIIG R A (GT);

I, — T H B ERLHN OT);

Va HAR R GIRME (TT);

M, —5F n Fia AR (T0);

Y, —F LML & (kWh) .

AR EDGARAT Mk D 22 858 7, A 4 1 K
WA B SEAL O AR Z H AR S0 5 e Y sk IR ST A
B REATE 7, A AR JE I I M LR R . A,
SEO B M A3 5o B I, AR Z G0 n R G el R 4
AR ——Z SRR b G R, &
BEOCHES B A PTELR 5% PR S REAL 1 751 ]
925 4% E5ERE L A 7 AR . RGURIER 5%, i
YA 0.04 TC/(W-a)o & HL LU AF B ICR 2.5%.
Je SRR 0.8% T, WEEBLHE 7 EHARIX 73
WA (13%) . % (9%) . Fif(6%) = HKBiRAH],

WG 2H SR A1 T B LCOE 15 SR 4l

gk 1R I A W E A AR B, LCOE 78
1200 h/1 500 h T-#L R 43514 0.133 IG5 0.107 JG; %
JH B I ] SR T ARG 0.23 TT/W 19 R I A 5 fiff
31200 h T-#LH LCOE A4 [% % 0.15 T F . =
ST H A AR 2 % R, AR AT bk r T, 5K R B
REAEBRIC AR . R ARE ) 5 i A T e 34
H R AR M R R A3 7 i TR A7 16 B R S AR
BT ELRIE R e S A Tt 10 A 77 SRR S0 L TS P
2 2%, I LIS R gth 114 15 25 4% TR A o A R b 1) —
Ao AR, Science S Nature S5 10 1) 3/ HA ¢ 18 52
B 2 GG AR A BH A FEL b 7 A 2 28k 30 27, LR
WAL= e TR BRAE 10 a LUR, P2l Ak ik A ik 135

PLEEE G 100 MW 22455k B 1 = £k M B3], 24
HiH A AR E T 1 0/W KR, 2=l 15 s,
ML PR B 5~ 10 GW G, 458k 2 1
AT R4 2 0.5 ~ 0.6 J6/W X J8], 12 {5 T ik e
B BR A (1 J8/W) o 3 2 RGE M T 3T AT 55

*1 mEEREMLCOE NE

Tab. 1 LCOE calculation of crystalline silicon cell

WHAAERS/OE-W) BEBIRII/OE- W) BRERRME/CE-W ) BHERA/CE-W) ERA/NE/L 25 aR B i/(kWh-W)  LCOE/(G-kWh™)

3.40 0.36 0.050 0.55 1200 26.61 0.133

3.40 0.36 0.050 0.55 1500 33.26 0.107

3.17 0.33 0.047 0.55 1200 26.61 0.126

3.17 0.33 0.047 0.55 1500 33.26 0.101
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Fig. 1 Industrial chain comparison of crystalline silicon and thin film battery



4 7 RETR A B

LERVE

R A 5 F Ay S0 LCOE M ST 45 1 : FE iz AR
B 7 AR AR AT, Toie 2 AL AL R A
JEAR, He LCOE ¥ 038 & T A ek LIt SR 5 iy By

Bl AL T A P R R R . HOA 1 A5 R L Tt
T P22 W IR) U, B AR O 3 A e B 1k Ry 51
PRefror (e

&2 54w A LCOE WE

Tab. 2 LCOE calculation of perovskite solar cell

WA AHEA/OL- W WEBURFOT-W ) REERM/OL-W ) B4EA/OE-W ) AERE/NE/L 7 a% B E/(kWh- W) LCOE/(JG-kWh™)

3.08 0.32 0.045
3.08 0.32 0.045
2.85 0.29 0.044
2.85 0.29 0.044

0.23 1500 8.0 0.410
0.23 1 800 10.0 0.328
0.23 1500 8.0 0.386
0.23 1 800 10.0 0.308
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Tab. 3 LCOE calculation of the theoretical limit cost of photovoltaic modules

LRGBS WIREEW/OT-W) b e RESRME/OT-W) SR IRZ EIR RAMIRURAY/OT- W) LCOE/(JG-kWh™)

LY EREA A ) 3.08 25 0.045 0 0.123

AR (B 140 2.85 25 0.042 0 0.116
FRERTOF M) 2.58 10 0.038 0.937 0.142
RO M) 2.58 15 0.038 0.468 0.124
H5ERDOF M) 2.58 25 0.038 0 0.107
BT (B M) 2.35 10 0.035 0.889 0.133
FHERT (B M) 2.35 15 0.035 0.444 0.116
FRERT (B M)) 2.35 25 0.035 0 0.100
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Tab. 4 Photoelectric conversion efficiency of different photovoltaic technologies

[15, 19-20]

CERTEEE S B AR RO % TR DGR % i i =A%
pHLE, 24.5 23.56 23.40
n#HLE, 28.7 27.30 26.81
FhERH” 33.0 26.41 18.20
XS 2k 443 32.50 26.17
Y S = 43.0 34.60 30.10
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Tab.5 LCOE calculation of the theoretical limit cost of photovoltaic modules under the influence of

photoelectric conversion efficiency improvement'?
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Tab. 6 Hydrogen production costs from electrolysis at
different electricity prices

AR Howi
AR/t 10 10* 10°
AR R A E/(Nm h ) 1 000 1 000 1000
WERER 34 34 34
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S ER BT 3.06 3.06 3.06
#riH/a 15 15 15
B PR /(T o8 a ) 2 040 2 040 2040
BYERA/(T T a ) 442 442 442
BUL TR/t a ) 200 200 200
st (ha ™) 3300 3300 3300
[ WA/ (Ot kg ) 2,67 2.67 2.67
AL /(OG-kWh™") 0.5 0.3 0.1
LA RERE/(KWh kg ") 52.8 52.8 52.8
FERLBA/ (T kg ) 26.41 16.02 5.28
FEAA /T kg ™) 0.08 0.08 0.08
il ZAS/ (T kg ) 29.16 18.77 8.03
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Fig. 2 LCOE for photovoltaics corresponding to different annual generation hours for current crystalline silicon cells
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