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Abstract: To improve the solar—to—hydrogen efficiency of conventional solar photovoltaic cells, this study proposes
a concentrating photovoltaic/thermal (CPVT) hydrogen production system based on spectral splitting technology.
The proposed system integrates a spectral—splitting CPVT subsystem, a regenerative organic Rankine cycle (ORC),
and a proton exchange membrane (PEM) electrolyzer. A comprehensive thermodynamic and economic model is
developed to evaluate the system performance. The effects of the filter cut—off wavelength range, concentration ratio,
ORC working fluid, spectral splitter cost coefficient, and PEM electrolyzer annual operating hours on system
performance are analyzed. Furthermore, the proposed system is compared with existing solar—powered PEM
hydrogen production systems in terms of performance. The results indicate that when the filter cut—off wavelength
range is 450~1150 nm and the concentration ratio is 10, the proposed system exhibits superior thermodynamic and

economic performance. Among the nine organic working fluids, ethylbenzene is identified as the optimal working
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system achieves a solar—to—hydrogen efficiency of 17.45%, a levelized cost of hydrogen of 47.55 ¥/kg, and a
dynamic payback period of 10.69 years. Compared with systems reported in the literature, the proposed system

fluid. The system becomes economically infeasible when the spectral splitter cost is excessively high or when the

PEM electrolyzer annual operating hours are insufficient. Under the specified operating conditions, the proposed
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demonstrates significant advantages in thermodynamic performance while maintaining a comparable level of
thermodynamic; economic
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Fig.1 Schematic diagram of the spectral—splitting CPVT

hydrogen production system
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Fig.2  Structure of the spectral-splitting CPVT subsystem
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Table 7 Validation results of the concentrating solar collector
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Table 8 Parameters required for system simulation'

13-14,24]

2 i
NS R B fig4a iR G 1000 W/m?
LAE R i PR LAE R CAR TR A, 10000 m*
SRR, 85%
PN A e, 0.95
PR o, 0.05
P g e, 0.86
WAE IR o, 0.96
pikesie Sl W R K e, 0.0628+1.208x107*T, +1.907x107'T,,
PIEEIMED,, 0.095 m
PIEENED,, 0.091 m
WIESMED,, | 0.040 m
WAHREIMED 0.036 m
—_— AR IO ICE o, 0.95
R R R e, 0.85
TSR, 80%
BV, 85%
L,
Vo BERS It TR T 35°C
HL AR T AL T, 80°C
FL A R B P U A AT AR A, Im?
CEN 2 I ERTE S = - 200
PR E L 100 wm
PEM Ha fift PR A AR £ 8 14
AR A 2 K A 10
MG ALREE,, 76 kJ/mol
FIRIGALRE E,, 18 kJ/mol
AR AEHAV 141.8MJ/kg
Wik, Im/s
Hift IERE T, 25°C
WIET P, 101.3 kPa

JG T S RGBT AR
SR, LCOH FEZ 36

A 658 TR LRI, 2080 H A R
BOR AN, BRG] AR AL X IR 5 f e
X R e e E A M E A EE X, Y
A 29450nm A, 2 1150nm [, 32 42 RE A% [A] I 3575
BRI T F A TP RE
412 RAEk GG CPVT IEROG I (C) 4R 1Y
LA RS PV R Z . B C,
S, PV R BRI R UAC Y A B e A R 2 4R
i TR R GE PR RE 7~ AR T . C X RGP RE
SRR Q& 8 7R o fh IR AS B C ISR, PV

T AR IR (7)1 2k Tt mg 222 BRSPS 1 K ik
/NEYEFA T LCOH SN FR I 5 Z A0 R () a3, If:
H g e R1E S LCOH Fe/IMEXT R C—3. 1 A8
XA ALY E 2R AE T, C g = (di45 PV FL ith B
AR R T RS I, 3 T AW R . FEC,
AR (<10) BT, T, 35 HI0XT AL A% 58T Sk ) 171 1T 52 e
A B O ST B R B C B T T
A7, I PV b ) A B D 3238, S A0 4R
T e YE I LCOH BEAK . 24 C it — D38 K, PV
H b VL TR O ) B, P ECR I RCR T R, RS
oAl e e Wkl i el SN 3 TR 4 N
LCOH T},



www.hgxb.com.cn c 9

55 XX 1]

At/ %o
1300 T 16.73
1250 rl6as
- 16.32
1200 16.12
£ nsof o
é 100 ] o
~ 15.50
1050 4 15.30
15.09
1o I 14.89
950 14.68

300 350 400 450 500 550 600 650 700
Amin/MMm
K6 U 8RB X R B AR E803 (g, ) ISR
Fig.6 The effects of the filter cut—off wavelengths on solar—to—

hydrogen efficiency (14,

R
1250 75.04
74.12

L0 7321

E 1150 72.29
= 71.38
e 70.46
1050 69.55
68.63

Lk p / 67.72
950 /4 . 66.80

300 350 400 450 500 55 600 60 700
A/
F7 w8 B PR XA i SURAS (LCOH) Y2

Fig.7 The effects of the filter cut—off wavelengths on levelized

cost of hydrogen (LCOH)
16.3 68.4
46 —— gy —%— LCOH —a— T,
sl 62 g a4 Jes2
ol .//-. t\_){/‘
wb 161 . .\.\ {68.0
Ve 2
O 38 g 160 A Se 678 =
Sk = A 5
= ZL\50 //“ -6‘?.68
A =
2F 158 {674
Wt
-
wl 157 - {672
26 -
15.6 67.0

&
E8  BEILEL(C) X RS RER M0
Fig.8 The effects of the concentration ratio (C,) on system

performance

H1 L3 AT Al R AR S E S RS T LA
L HOLE C O 10 FRERS [R] I SE B R G g 27

PERE R TP RE I AR
42 ORC L&

FEZR 8 AN SHRME T IR 4 & iR i
B A A B C 532 1 Y 9 Fh ORC Ttk
77 PEREVER , RS RIC R TR o, R,
5k WS DU RE E e, ORC F R GE v & FiL )
R(Wypeo) TR o BT ORC TR (9 2L BUAR X PV H
b Y L Bl R R A, PRI TE i TR SR
S (AR R & L )R Al R i R I, DT il &0 it i
F d5e i, XN ) g e Ao SR, RV Tk 1 3
VU ik S BT RE A AR A5 B K Y ORC i & HL DR (HH
S A(C, )W E S T REH T, XFEE
S FANE ORC T 1 25 S s X 28 R i R
A B V- 55 AR A 1 RUSE FIAS 7 A 52, IR
mMSsC, KEEh, HEZ T, REHTW
ORC ¥t & HL ) 3R 55 - H Ik DU S bt + 0 B30, (AL
E i i e U T S B i =8 2 TN =S = i)
LCOH . XMW 284 R ORC T J5 AT LS 4 s e i
RGPS T HERE , RS A AR AR SR
RGN TR
43 ZFMHESHSW

&9 R T I R G4 T R G 5T A & E
TG0 B AT N, D63 4045 CPVT F R S8  AS (5
Fb e i, 2 R GRS I B LR oy o FEEIE S
W CPVT + RGEN R, FLos A AR IR S ) 2 i 5
AR R AR IR, OB E s i ds . Tt
T A E K BH B 2R 42 i AT A T R TR B B
i A SR, B AT 2 AR BE B nT i A AR
A PR RE G 0 A ) I A (R oy A
SE AR 55 i ) A RO AR AR 1) — 2 . AER)
T3 AT i L B R EORAE S 0.8, I (5 33 43 4t
FE AR T A T R L T S
SIS AR 5 R A 3R R AR 2 TP A O

B 10 IR T OG5 o #8 A i) 32 28 (e, ) %
PR GV . B B AT B o, 3
KRG LCOH BAH 5% M (DPP) ) i
FHIR e IUE (NPV)FRZEREA% . FRAHE , 2 o, 3
K3 0.95 0, NPV IR 2 fAE, H DPP it 3 i1
FHAERR (2047 ) , R BHE ML AR F T BUL R G A A i o]
Wi TR R GG B, 2T ERTT AT, Fk ]
U, T 3 A0 i A 2o 78y 25 Sl 25 55 2R G 1 21 R e
1, AT o3 A s A B AR 31— (A 5, #A3Y
RGA HA LTS



+ 10 - b T % XX E
*9 AEORCIREMGHTRFEERITHER
Table 9 System performance evaluation results under different ORC working fluids
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Table 10 Performance comparison between the proposed system and solar PEM hydrogen production systems in the

reference
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