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ABSTRACT: Solar photovoltaic/thermal (PV/T) technology
is the integration of PV modules and solar collectors, which
can simultaneously generate electricity and provide thermal
energy. The overall efficiency and the space utilization
efficiency will be improved simultaneously by the
combination of two modules. The types of PV/T technology
and related theoretical researches were summarized firstly in
this review. By focusing on the heat loss and overtemperature
problem of flat-panel PV/T technology, the design progress
has been reviewed and analyzed. The state-of-art study on
integration of phase change materials with PV/T (PV/T-PCM)
technology was  comprehensively  summarized. The
deficiencies in the research and the future development
tendency were also prospected in order to provide theoretical

guidance for further development of PV/T systems.

KEY WORDS: solar energy; photovoltaic power generation;
photothermal power generation; thermal performance;

EEWAE: HXKEHARIEEEEITH(52176069).
Project Supported by National Natural Science Foundation of China
(52176069).

electrical performance; phase change thermal energy storage
0 5%

BE N RSN RAE VR 7K A W
NFEAT REVR I 75 SR AW N, 805 4,
PELAG 2 BF Al RR e g e R . AFFE N G — EL 3K
3T TR T P AR e R K e R U 25 48 I 92 i e R
PR IHFER 7, K BHRE R 5 0L AT P A e U
Z—, WHEEFEMARER L, EidEJLHF
(] &2 KVE . HAT, X OKBHRERIHH = Z A 45 DL
FERON E R, BURHON B OB R K
HLL DR DL SO S . SRR R K
FHAER FH I 22207 Nz —12, (HR %A a R
FL T PR R PH 4 5 38 8 S 20% e mT L AL Ry
HLAE, 1T 5E 2 R OR PHAR S W e A0 #vie, B0l
WAHRE T, SRR TRY, E2®
FOGAR AR )i AR, [E] I A PR E B e A AR
R, KFHAeEMIIS T L AERRE, I R AR
fR/5'% # (photovoltaic/thermal, PV/T) i A [ & i
Ao JEARBEH AR BH e F AL AR 0 45 & AU =
EARPERE, BRI RA T RE 23 (B 248 0
i Z RE TR FU O T SRR, PVIT RGEH]
PATE /D 40% SR I AR THI AR B BR Al b, 77 AR 5 dsT
TEARFIGINR & RS [F B ) e Y

FEIX — 408, Joshi S50 [al i [ i 25 4F [A] A
[F R PV/T LIS ISR 78, JRIR A LSS TR
7t 8 5% R S #¢ (concentrated photovoltaic/thermal,



Ha3E FIM

K B OB R 393

CPV/T) & Gt A e i i JE 2% M BB B R s Jia
SEOZEIR T AN [F) PR 2% A T A AN (] AR AR 1
AR AR R PVIT RG W T, FHEXE PV/T 4
AN AT T IE AR 45 Kumar 2575 B
PV/T BOR B LR FEREAT T 2738 Daghigh 5%}
21 28] TR 30 PV/T B B BT T HEAT 1 45
W, IR K MR ¥ 7V J R S RO R
Gt R KK G

wn FRTIA, TR CAHRIE T IR 24X PV/IT
RGN M T, (EXARS— R AR K
Jeitad, I H H BT PV/T BRI RAEAEIR 2 A
A, PRI SR AN WA B 78N U6 PVIT RS AT
Hudk . ARSI RS T IR I T PV/T &
G UL LR AR A 2, DU N PVITHR
i — 0 R AR I =

1 PVITREHFMRER S

— N ) PV/T BRI B 1 s, FEEAH
PREFEB AR . JeR AR AR . &
JZUL A HEIE . TAER K BHEE 2 PV B AR -
A HLRE R AEE, IR AR RS B R S B A D A o
BRRER L, R E o AR R AL 2 2 (R L B B
HOKEERLH .

IR

HMIESE /
e

ﬂ/]‘ll"y%wm

\ -

[y
E1 PV/THRKEACE

Fig. 1 Typical configuration of PV/T module
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Fig.2 Schematic diagram of a typical concentrating
PV/T collector
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Fig. 3 Typical schematic diagram of air type PV/T and

water-cooled PV/T

LA T, Abdul-Ganiyu £ i1 7 — Fh 5
FHREEEFIKA NPV TERSE, REHB TS
PV BLHR I T AP PR BE . AR A PR I i 5 4
P AN o AR BT AR AE VA H PVY/T IR THT 7% 52 5%
7, 41 Venkatesh 2505044 7K A7 SR A% 4 K I A4 A A
PV/T A8 5T, Wt 50 AR T AR UL 8 R 2R 452 12 e )
WA, SRR A BIGAORIA B E RS T PV T
PR FE IR & 7O iR A B AR R . B, o
RN GAEBAT KEIIS . SR T, WaeKii
PR AT R, J: T 0147 20 1 PV/T 42 34
A 5 IR 2R A DL B K 1 U7 U R AE —
g, I8 I FRIAE 28 RO FR R AR AR A E R R
i, AR DRI AR 72 AR B T 1 52 2% 1 3 DL K R AR
. Chowdhury 252 25 7 I F 2550 K. 49X
KA HI PVIT KRG TR, R T S
S K BEKRTRAR I PV/T RGeS AT AR
B A B K DTk

2 PVIT RGHIERHR

Nk — B M RGBT R, KEFFEA R
XFPV/T HAFEAT T BUEWT 7, 2 Bt 8 v 4
FRERIFREATHAUI T, i iEiT S #IES
HEEAFRI R ZXT KGRI, LU PVIT REGEH
SER TSR LRI 4R T

Mahdi &80 7K ¥ 30 & P T 3R O6 A6 AR
7t #(compound parabolic concentrated photovoltaic/
thermal, CPC-PV/T) R 4t i 3. | 1 40 [ B 7B Al
R, Oy 1 I A RSk RE, BEURA
THSANSHBEE, GREREE R, TR

FE BRI S R M R Th R S 5 Ahie
WHIE T AN [F s PR 2850 R AR s, S5 R
N, EKIR B INAE R R . R R R
BRI R R, RIUERR BN A R SAG A K
W . 1E R GEEER S MBI 7T T R BH B 54 R
A EN KGR AN A R R R PVIT RG4S
HPEREIRZ I, 45 R B, RAEMPEEM B
[ ¥ H 7KL SE 1 K JE N, R B I B
K ABL B8 K PR B 5 % R R 14 T 186 K, FRL AR 1)
$5t AR ) 3 A A 52 K o L S o TR BE O s, N A
AR KA T REPREFBAEIE TR, A
TRIUE R G R 0% T, NATKFH g N5 M 7E 0.3°
LAV -

Xie I W1 | — 0 B £ I it (eliminating
multiple reflections, EMR)[1] CPC %Y 5t 5 (EMR-
CPC), ZH RO BA RIS RG34
K, BLERER, ORGSR R S S
fE 2 H>0.8 ), EMR [ 3%t it 80%, L4
BETT AR SO PV/T R G810 B8 AR R R 71%.
R SR b, iz A o A e AR T K
HRE R G fe & PGP 5 FE A R K FH
REEREE 730 R CPV/IT ARG i i, AL, 4T
RGAEERIG PR, SRR, A
PRER 7 M) CPV/T R G4 #l e A HL %53 TN
40% F11 11.34%, T 5l A AL 1m) -5 2k 2K 1 ) R
BERGE. AL, %IRRT A R b A R K P
BE CPV/T R G 3 7 Ao 45 #B R A JE Ao A A B
e R EOR, EREMEMMHRABEN
55.3%, 4RI T SCER MR AE 55.8%, Fads A
FEOOT T 5 AN BERG i TN 22 48 H AR AR 4L, X
e RN BRI R ER R R B A R

3 PVIT RGHIRALT

JE HHTPV/THAR K R, (HRGIAFAE
WE A, WA ER AR R R AR T
S, RUERBSFEAGM. HAERTRE, Kt
A RAIT TEN T3 AN W MO A 2 2 48 45 44 R A
WMRL A 2 07 TN R GEEAT it
3.1 WD RERNBERBIRIAL BT

ARG PVIT RGHCE TR, MR T7K



Ha3E FIM

K B OB R 395

FPV/IT, #MERURIEEWRE TR RS T KE R
XSS . PV/T RS HIR R 3 B GBI 5
BROGT PR S AR I 48 S TR AN PV/T A 11 e S
PIRK, BTN CPVIT RGN HE B RO A8 S
B S 8 i R0, PR d 37 1 CPV/T
RGN, FEE T T HERS R,
SRR, BE SRR R SR AR
SRR EEER, HEREEM 17.63%.

T U TR AR O, 38 2 R T IS IR R
8 IO 1D 35 15 5 B0 A K% 7 5 B B PR IR LR SR
BRI 38 X FA R ek /N FE A R, e # nl ol i fE
KB R S 2 D R R, A R EAFAER
TR HE AR, RN R T 2R
RA%E. . Hu%EPg T —F B2 PR PV/T
EEINGR,  RIKE 3p 10 BR 5 MR AR 2 T 3 AR B DA
F W Wbk 5 75 SR VR 2 [ SRR E i E 2
3 Ik 410 1) T PR A R ) R R, PR RS
PERE, 4R ERTERIRAM T (>80 C), RGElE
R ATHE T 10% A AT . Wu Pl T i — kst
SR R R E SR I B PVIT R4, Kbk
I IE 78 B GAR AF FO B B A1 7 2 [ RSB . R
IR IR R BA G s FE I S, ARXT £L AR 5 1138
WEEAK, R mT DA e Ok H vt R 4 S R, Ut
Ab, AR SEE R T A AR, 2R
BT RE G R RALE, RatEie B
Li%PR AT W= s SRR 2808, Uikgm
PV/T RS A ARENE, LI R ER, B
RGN RBCRIR R T 15.7%, 54y 2
HEIR T 3.5 h, (RFE R FE T AR o 2 B R I 7
HEREW T, HEZCRPE TR, XERAMN
FEH T DRI, 2R R 2 e o) e AN B (1 A
LR (CdTe) T IE K BH A FLI T PV/T 823428,
CdTe HLMAR B £ 75 2 BRI 2 [6], 7 14l i =5
SEMNIE, RGSEHOWME 4R . HT CdTe
FeR A B AR I RIS R BmrIJeH

1 o

PR T ~— CAdTe@éfJ%
W=
K : R T R

B4 CdTe-PV/TEABRGEEE
Fig. 4 Cross section of CdTe-PV/T collector system
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Fig. 10 Layout of PV module and PV/T thermal collector

PCM% 7%
e &

= ,’SE‘:,
H>PCM

= A A
| %Ak

= K5

PoKHH <—

PoKHH =

wkER = 11>tk

> SN TE

%ﬁ%%ﬁu
B 11 PCMAESRFUKREEEI BT
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