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[(Mono-crystalline {Copper-Indmum-
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FV module size

PV cell area
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Open-circuit voltage

Maxanmmm power

Mominal PV efficiency

PV modules temperature
coefficient™ §
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17.2 % (&t 25 *C)
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Devies Manufacturer Specification  Uneertainty
Pyranometer EED ME-402 + 20 W-m 2
Water flow-meter EEYENCE FL-MSAY + 3.5 %
Photovaltaie controller MNamilosh PV-737 + 3.0%
Electromes
Platirmum resistance CHIMNGC FT-100 + 013%C
thermometer
0.6
o CIS PV/T panel: Water filling ratio 25 %
O CIS PV/T panel: Water filling ratio 50 %
05 k A CIS PV/T panel: Water filling ratio 75 %
g © m-Si PV/T panel: Water filling ratio 25 %
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© CIS PV/T panel: Water filling ratio 25 %
a CIS PV/T panel: Water filling ratio 50 %
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O Water: Flow rate 0.3 L/min
O Water: Flow rate 1.0 L/min
05 L A Water: Flow rate 2.0 L/min
§ © Water: Flow rate 2.6 L/min
3
5
c 04
9
o
o
©
A
’g 03 +
x
0'2 1 1 1
0 0.01 0.02 0.03 0.04

(T To)/G [K- m* W]
oy YO i g (e Comnd b Jlow ;.j JGsl L )3 calisee by sla 75 0 Sl o LS 6)91 o oledily VS
05 s Cgix 4 9y L PV/T (oaniyor slo Jo . 3,05 0V ¢ Jlas Y5 (ol

g Lowil 5 wcanl oad 030> s 5> (dinlej] Slanas Silews Hloges 9 Ko ygiile (gla ol Slasuio Y o wgl) 9 s
Y] ey et

I Jlw (93,5 5 o S

39039 5275 Cope 4 ) Sl lgis 4 Ol (08 5 ool Oglite L PV/T (sudyss i Lo )] o2 ploi]
21y ey sla odls £ IS5 9 FF ey o i 1) A g (CangSTAY) WA Sl sla ool & S5 .cd)S 15wy
A1 o 5L VANY 5 VY AFNY

35S e 39 CIS PV/T b (gl 4oyd YO 4 0+ X0 slo cund 9,5 o o bl Lo)S 69l zon lotily o e
29 o iy 4 PVIT Bl 3 o o (658 0310l b s

oM e o YO 3 M-Si PV/T fib g e cansyd CIS PV/T b olo o3y a8 o 1y b &S o oo
ol 0 sl )0 Vo] 53 o y)l55 00y oo Conmd (0 iR Conuads

Cams YO, M-Si PV/T 5 CIS (sls bl Lo)S (6y9l gon losily il 0sd Cowypd AV Jodo 53 55 b o3l ol 5 9 0 Lyl
sl gl )3 s o Gl s & [V ] aon ot sl ol o5 5)15 15 Lo (6] oz plosdl i oy (A gy o
5 M=Si PV/T Ly sl PV/T sy 51 i PV/T CIS Ly sl gon ool —loS . ignmlis g oyl 552808 o
Slianej 9> B 3, M=Si PV/T & Cas 5V gy &y g CIS PV/T Syl Ly liane) o Ly g bl
s il gaw (ol il el YU gy i )5S L3 o5 (g2 dbrl Canl Cind udygd (B g (b b sled
DS oo 8l ot e 3 oy 4 oS b Al LS (gl pen > oyt



http://geoy.ir VE Y 5ol cAoyled o) 6,95 ldl o (10 9 Jawmo Cow ) Pole aslihad

1000
© CIS PV/T panel

i 800 | O m-Si PV/T panel
3 o
260 |
]
g ¥ ¥
§400 L o o
] - a
z g
S0t % % et
g & |

0 1 i

0.00 1.00 2.00 3.00

Flow rate [L- min]

o3 YO (51 ez o by O &l Sl s cilis el s g3 &yl Jis) cglys A S5

45 1000
o
e’ \
40
5 £
£ 35 3
e c
3 =
g z
& 30 o
2 ——— Ambient temp. &
—— CIS PV/T panel-inlet temp. ®
25 | —— CIS PV/IT panel-Outlet temp. | 509
—— m-Si PV/T panel:Inlet temp.
—— m-Si PV/T panel:Outlet temp.
——— Solar radiation
20 L L . L 0
10:30 11:30 12:30 13:30 1430
Hour

welicw ¥ 53 by ce s LemMIN Y Ve 590 5 PV/T sl Bl jo (a5 9 (9999 <yl JWsl Jhuo ol s A U

100 5 1000
w\v\/\_\\
80 | Ra . % 1 800
\__"\- &_'
5 g N E
< 60 \/ I —f g0 3
e an 5
2 =
840 f - {400 €
i —— Ambient temp. ‘—2
—— CIS PV/T panel:inlet temp. »
20 ¥ ——CIS PV/T panel:Outlet temp. { 200
— m-Si PV/T panel:Inlet temp.
———m-Si PV/T panel:Outlet temp.
~— Solar radiation
0 L i L 0
11:00 12:00 13:00 14:00 15:00
Hour

CawgSTYe pLminy o fbys cepo bl BLPV/T 15 295 5 699y9 &)l Jlisl Jlw of slos N+ JS03

AR


http://geo2.ir/

3295 duxo s o PILo Lpws (oS (SL0LI (ol (6150 (G5 iy

@l JUS Jlw oyl 2 Cos g

diliseo sl (25 5 Ol ez G (35S 1 2o YO L amd o lis |, PV/T CIS b )l (el gon 2,8V S
Loy Loy ol @on o]y ccawl 003 SSAY Join )3 izeed 45 YEIA 9 YVA AA AF/A 13 p0udliiS 53 Jlw JUis LoyS
sdnlio Lmin Y < ¥ 13 568 & )ls (6y9l men losily coygmayb LMIN Y Y5 5 Ve oo by &5 JpiS oK 39 LS
oirogl] e jouiliS b g K05 )lse 1 it sl Al Gl il e g el s @ VL (lod b Gl 15
U558 395 o sl el 53 > L'MIN Y Y 6 b 85 51 gl 058 G )3 ol caslio @l p> Jas! o]y (ol
JGsl dgue by (sl ), Kasle a3 B U Fe o ol 5 bl p)5 OT L 356 (slod o9l cand 4l by g

D9 (o dsslos (oll py j S¥olee b &)l JESH o b gusliss ) &l >

0 — KAAT,, Lh=)]
T — Tia)
T = o

lod Conl TS Ll ot )5 ke (slod 3] ATM 5 jguslisS ©)lys Jisl anb A o)l Jlsl cops K o s a8
Uioo b gillae bl g 560 o dulore 488> o e 4 yeuilaiS ) HLis s b Ol bys = slasl slos )8 b f gl

ol 005 0303 LS AY Jgan 55 b o3ly ol .l o ool ylis

sl o 031> Lis A IS )3 a8 jglailen amd e L Galise O lya sla 5 o ) HeuslisS @l s ) colps A S

PV M- b j1 za8 CIS PV/T bl yquiliS 15 ,Lis el M=Si PV/T i 51y PV/T CIS Bl o ))> Jlis]

! Si

Ske LMIN Y Y2 sgas )3 gy 0 5YL Oylys 5] o s doui 1 g 390 (oo eS8 o Of gldl glo> 5 o
cl PV/T CIS ¥v5 Wem YKV i 505 (ggo 31 WM Y-K Y VAN b ol ol PV/T M-Si b o)l JGs) copo
oy M 4 aS Pl byS oo |y boyS Blg o sogminegl] bt HoudliiS ol ol M-Si PV/T b 51 55,5 ol V¥ oS
iy Sy 38k XF 55 gl g ) oalisal b IS Sl 5 2585 JUi5l g s5b & 1y S s 5 Sl Sl 2
e Fe g oy g3, Kl an 3 Fr 293 slod ;5 PV/T M-Si b 4 PV/T CIS b 5> ,Shee (5,5 ojlil PV/T

ol 03l AY Jgaz )3 b 03l ailjgy Sl b plowl VoV e uobiw ¥ g CangST Yo (5 iy 4 3l Sl

9+, Y05 yuoliw ¥ )3 g aitaad oYY 5 - VOV L plp cangST Y G 05 g L)S (69l aen ol 1 lueb) e Sl
g Soi ploj ol > el pas g aliod Sl (e JB sk 4 8l (el ads G usST Y o e ADF
2o lod il sl (23 0 )l JE! Jhw Ol (298 5 9959 slod g oo (glod cady (6 V- 9yl
Syl Jas! Jhw by g5 JyS L Co s L Co¥e 5l g8 slod Blgs oo aBl drwgs B gr 3, Kl a5 )d Fo dgis

S s

'Y



http://geoy.ir VEY 5ol cAoylad o) 695 Ldl > 10 9 Jawmo S ) pole anlihas

S5 doS

DS Ly ol Kiilo s yd £o b oSl a3 )3 B 2,5 O Wlg o a8 ol ord aslo PV/T (00)8 (couidyee Jo
@ il aods pjjlge |y a8 oS bae 4 1) ()l )b Wy (oo g e (o JT ) @le ST (el L) b £

plos 55" o 03litul (CIS) poatlupgratsh s PV Jgilo o (o5 Ghsn Jo )3 (ol psiSUS 5T PV/T sudyss Jip 6
Syae g shbs Ju ol PV L G olaie 4 dibate canl S L.;).n.; oS ol onds asle Ju a5 PV/T Jilolss!

S5P 3 o> VYO Al arwgs BL LY Loyl Jas! Sl sy ‘_’j olisS joe Judo 4 ylys by Cuwd 1 g sl oS oy
1o 5o Sl syl e lesily g 20> Wor G Mg Gloly ST e b p)S O e €O ¥ dgus o 1) (o8
MRl a2 3 Ve Jolis oS gy lo 53 3l Sl de )3 ¥e dgun )3 baze &y bo)F (4l W87 (0 98 o 4Bl drwgs Bl

sl il glod I a8
Py PV (g yob sla b

5200 Wir 5 s platily a8 oo o o5 Ol it €0 22 dgas 0 1) (aaidys (g5l 51 oy FOR il anwgs il Y

o Sl s )3 0+ dgas 5> basme 4y o)S il AT o 98 s 4Bl dmwrg b canl 2o YYA O)ls 69l men o],
YU slod

tled O el Lyl

SIF YV o PV/T Lislejl (condyov Sy ol candygs S ool 51 WL PV/T onuisyv Jio os oo, ¥
3 ool by S o olil stz b 5yl sl dlg) a8 PV/T onniysd celo iy pobos 1 5VL 5yl oled g ol o
sl Gl w5 ad g )923?\ 9 65»05 by zone b PV sl Bl g sdudyed gl bl 4l drwg los PV/T cuwlio laws
sy 63l 3l o3kl b LS (32 9 Laloyw cialesS oS ) (655 AT paels | o il (o oS i Lo b S5
ol §55 B a3 Lo 4 8 (slosS b

\Y


http://geo2.ir/

529U dome s ¢ PILo U (oo (5L (ol (glpy (g jo5 by

&l

[V]G.A. Barron-Gafford, R.L. Minor, N.A. Allen, A.D. Cronin, A.E. Brooks, M.A. Pavao-

Zuckerman, The photovoltaic heat island effect: Larger solar power plants increase local
temperatures, Scientific reports 1 (Y+17)

[Y]IB.R. Burg, P. Ruch, S. Paredes, B. Michel, Effects of radiative forcing of building integrated
photovoltaic systems in different urban climates, Sol. Energy V¢V (Y+1V).£.0-Y44

[Y¥IM.C. Brito, Assessing the Impact of Photovoltaics on Rooftops and Facades in the Urban
Micro-Climate, Energies VY (YY) (Y+Y+), Article ID YVVY,

[¢]IEA, Energy Efficiency Indicators: Overview, IEA energy end use and efficiency trends (Y+Y))
[°]E. Biyik, M. Araz, A. Hepbasli, M. Shahrestani, R. Yao, L. Shao, E. Essah, A.

C. Oliveira, T.D. Cano, E. Rico, J.L. Lechon, L. Andrade, A. Mendes, Y.B. Atli, A key review of
building integrated photovoltaic (BIPV) systems, Eng. Sci. Tech., An Int. J. Y« (V) (Y+)V) AYY—
ASA

[1]H.M. Maghrabie, K. Elsaid, E.T. Sayed, M.A. Abdelkareem, T. Wilberforce, A.G. Olabi,
Building-integrated photovoltaic/thermal (BIPVT) systems: applications and challenges,
Sustainable Energy Technol. Assess. €2 (Y+ YY) Y+ Y10,

[V]IG. Yu, H. Yang, Z. Yan, M. Kyeredey Ansah, A review of designs and performance of facade-
based building integrated photovoltaic-thermal (BIPVT) systems, Appl. Therm. Eng. YAY (Y:Y))
YITOAY
[AA. Mellor, D.A. Alvarez, I. Guarracino, A. Ramos, A.R. Lacasta, L.F. Llin, A.J. Murrell, D.J.
Paul, D. Chemisana, C.N. Markides, N.J. EKkins-Daukes, Roadmap V£ (Y+YA) YAT_T4A

[4] N. Kuniyoshi, A. Takatsuka, H. Sato, M. Kojima, Possibility of ejector cycle for cooling in
SDGs, Proceedings of the International Workshop on Environmental Engineering (¥« %), Okinawa,
Yo-YA June Y14, JSME, Y44-Y ..,

[Y+]S.B. Riffat, E. Cuce, A review on hybrid photovoltaic/thermal collectors and systems,
International Journal of Low-Carbon Technologies 7 (¥) (Y+Y)) YAY_Y£),

[YV] R. Daneshazarian, E. Cuce, P.M. Cuce, F. Sher, Concentrating photovoltaic thermal (CPVT)
collectors and systems: theory, performance assessment and applications, Renew. Sustain. Energy
Rev. AY (Y+)A) YY_£4Y rser.Y )V, A, VY,

[YY]S.Y. Wu, Q.L. Zhang, L. Xiao, F.H. Guo, A heat pipe photovoltaic/thermal (PV/Thybrid
system and its performance evaluation, Energ. Buildings £€¥ (YY) (Y:)).¥elv_YooA

[YY]P. Gang, F. Huide, Z. Huijuan, J. Jie, Performance study and parametric analysis of a novel
heat pipe PV/T system, Energy YV (}) (Y:)Y) YA¢_Yde,

[Y¢]H. Jouhara, J. Milko, J. Danielewicz, M.A. Sayegh, M. Szulgowska-Zgrzywa, J. B. Ramos,
S.P. Lester, The performance of a novel flat heat pipe based thermal andPV/T (photovoltaic and
thermal systems) solar collector that can be used as an energy-active building envelope material,
Energy Y+A (\‘ . \"l) YEAYOE,

[Ye]JH. Chen, L. Zhang, P. Jie, Y. Xiong, P. Xu, H. Zhai, Performance Y4+ (Y:1V) 471.-9A.,

[Y1IM. Modjinou, J. Ji, J. Li, W. Yuan, F. Zhou, A numerical and experimental study of micro-
channel heat pipe solar photovoltaics thermal system, Appl. Energy Y« +T.YYY_V+A (YY)

[YV]T. Zhang, ZW. Yan, L. Xiao, H.D. Fu, G. Pei, J. Ji, Experimental, study and design sensitivity
analysis of a heat pipe photovoltaic/thermal system, Appl. Therm. Eng.) Y¢¥)A (Y« 19) ¥y,

[YATY. Cui, J. Zhu, S. Zoras, J. Zhang, Comprehensive review of the recent advances in PV/T
system with loop-pipe configuration and nanofluid, Renew. Sustain. Energy Rev. Yo (Y.Y))
Yy.Yot

[V]T. Zhang, Z. Yan, G. Pei, Q. Zhu, J. Ji, Experimental optimization on the volume-filling ratio
of a loop thermosyphon photovoltaic/thermal system, Renew. Energy.Y ¢Y-YYY (Y+14) V&Y

AR



http://geoy.ir VEY 5ol cAoylad o) 695 Ldl > 10 9 Jawmo S ) pole anlihas

[Y+]K. Terashima, H. Sato, T. lkaga, Development of an environmentally friendly PV/Tsolar panel,
Sol. Energy Y44 (Y:Y+) o). oY,

[YV]K. Terashima, H. Sato, T. lkaga, Proposal of net-zero energy house by introducing
environmentally friendly PV/T solar panels, Journal of Japan Solar Energy Society (Y+YY) (Y) £A
,Y+—1Vin Japanese.

[YY]J. Peng, L. Lu, H. Yang, Review on life cycle assessment of energy payback and greenhouse
gas emission of solar photovoltaic systems, Renew. Sustain. Energy Rev. Y4 (YY) Yoo_Yve,
[YY]JA. Tahri, S. Slivestre, F. Tahri, S. Benlebna, A. Chouder, Analysis of thin film
photovoltaic module under outdoor long term exposure in semi-arid climate
conditions, Sol. Energy YoV (Y+ V) eAv_cdeo,

[Y¢]N.E.I. Boukortt, S. Patane, Y.M. Abdulraheem, Numerical investigation of CIGS thin-film
solar cells, Sol. Energy Y+ ¢ (YY) ¢£.-2¢V,

[Ye]B. Agrawal, G.N. Tiwari, Life cycle cost assessment of building integrated photovoltaic
thermal (BIPVT) systems, Energ. Buildings £Y (%) (Y+)+) YEVY) €AY,

[Y1]R.K. Mishra, G.N. Tiwari, Energy matrices analyses of hybrid photovoltaic thermal) HPVT)
water collector with different PV technology, Sol. Energy 4) (Y: Y. )VY Y1 (

[YV]J. Ji, J. Han, T. Chow, H. Yi, J. Lu, W. He, W. Sun, Effect of fluid flow and packing factor on
energy performance of a wall-mounted hybrid photovoltaic/water-heating collector system, Energ.
Buildings YA (YY) (Y« +T) VYA VTAY,

[YA]T.T. Chow, G. Pei, K.F. Fong, Z. Lin, A.L.S. Chan, J. Ji, Energy and exergy analysis of
photovoltaic-thermal collector with and without glass cover, Appl. Energy AT.¥Y1-YY« (Y. 3)(Y)
[Y4]K. Vats, V. Tomar, G.N. Tiwari, Effect of packing factor on the performance of a building
integrated semitransparent photovoltaic thermal (BISPVT) system with air duct, Energ. Buildings
o (Y+)Y) Yed_yie,

[Y+]O. Rejeb, H. Dhaou, A. Jemni, A numerical investigation of a photovoltaic thermal) PV/T)
collector, Renew. Energy YV (Y:V0) ¢Y—o.,

[¥V]B. Xiang, Y. Yuan, Y. Ji, X. Cao, J. Zhou, Thermal and electrical performance of a novel
photovoltaic-thermal road, Sol. Energy Y33 (Y«Y+) YA,

[YYIIIS A €)Y, Y.Y.  http://kikakurui.com/a¢/A¢Y Y Y-Y VY- ) html (accessed Y«YY ;Y4/%/in
Japanese.

'O


http://geo2.ir/

