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ABSTRACT KEYW ORD
Purpose: Photovoltaic system is a technique for producing electrical power by utilizing solar energy, which canbe ~ Ef &
used over 20 years with simple maintenance. However, in the case of photovoltaic systems, the energy conversion EH Ostiéri% A"
Hedd

efficiency decreases as the surface temperature of module increases, compared with other renewable energy

technologies. In this regard, PVT module can increase the energy utilization of a composite module as producing heat  photovoltaic

and electricity simultaneously by using solar energy. Currently, many researches have been promoting in order to  Photovoltaic/Thermal system
develop a high efficiency PVT module in Korea. However, there are a few studies about the performance of the modules ~ Performance Test
corresponding the shape of types and various heat exchangers of the PVT module. In this study, the electrical

performance was measured by the change of the ambient temperature and the circulating water temperature using the

fabricated PVT module. Method: Experiments were performed using a solar simulator. And this experiment was

assumed that the weather condition was in each season, as winter, spring, autumn and summer. It was identified that the

I-V curve associated with the change of the experimental conditions and confirmed the change in the electrical

characteristics. Result: As a result, it was figured out that the surface temperature and the electrical performance
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changes in case conditions. The electrical performance was calculated in different temperature condition and the power ~ Received August 10, 2015

production was confirmed by the change of module temperature.

Final revision received September 7, 2015

Al ted September 9, 2015
© 2015 KIEAE Journal ~ *  copied September

1. ME
A QAR 0 2 g7k A D SRRl thA517] el AR
HoIUIR] o] go] 7} Holol A Bs] o] Fo]A T glrt. A
oqiz= A x%iﬂ /\]-04 AAo] AArl shA 2|&A o g2 WA sk
9lom 2004 EH 2013A7H4] AW 20%2] AFES Ho
3 ghek, HjoF e RS o] skol W YAshs
A7) 25| o] g5 AL Qlom AlA B g EAAIE
HE JFER S7ISHL Sl Al 2000 T ] % H
I & 54 Ax]85S B 20049 oF 4.0GWellA] 2013
oF 139GW = )& =751t} o5& 201197} 2012¢ 9] A *
a Ekg 71—71— 29. 7GW 3I9GW= o] 144 14 A x]_gaoka = 7].3].
£ Ao ettt Wb AR To| A 2p=to] A AL v Fof
A AABAH 2 E o] &7 A S-S Z7W7h U= FA0
, HFAIAE ol 8ok 4%
e AFEL ol A A

= Ay gl

l‘_&

ML oS
L2 o

A

H ﬂll
ol
9 o
N 1o
>
[
o
=
i3
e

x do O

It

o)

SRR DR

=

o

PISSN 2288-968X, eISSN 2288-9698
http://dx.doi.org/10.12813/kieae.2015.15.5.083

Jeit i A A | B AR A ol | 2] f it H] W sto] o
Y2 " 2-&0] A7) vz §2 A HAo] Zasty, HY
Az0] =27t F7Fetoll whet @717t Assto] 271 FAHH|17E &
7}5}5 TS A QU B AR RES HEY 2k
7F1°C Asstel mhet 0.5%9] a&0] H#4ash7] gl L&
SANE LES YAk B} olale BT B
50 TS shdals] 919l Bl 2] ve] Ane|E 3
sysjol TIRA F oUA ol 8HEL FHAT R
(Photovoltaic/thermal, PVT) A|A®lo] T2 ¥HA-S §F1 9]
PVTA|A”LE gjFolvz] o] Mgt a2 SAlZ
A& ol-gote] A7) @ E-& FA AT 4 Aok PVTHES
A gAY UL A4S Fo a& D oA o] 88 &
o] N =] TR A T o 2] AiteFe] 27] wiZoll 27| FAt
] @ Az)W o] Foj5A At

PVTA| A"l thigt Mas d4EE B, 19783 Krendt
Russeell-& 7| Z 9] g R ET} gjofd AAr) = Ak A2
& StolHe = A A'S AA S Y o] 5 Al A o ] 2] o] T
St o] F7tstAA PVTAAH 9] 452 571417171 f17F o
2] AFE0] AYPEAN0H, Y, Tripanagnostopoulos at al.&
PVTA|2® O] HufjA] gl F2 AR ] f-7of mhg 471x] 9] 7] 2

ol

o o

olN

2 o>
ru]o mlo o[

K
K.
o2
)
=

©Copyright Korea Institute of Ecological Architecture and Environment 83



o
N
¥a
A
fot
+
ro
|.ﬂ
P
Y
nilo
o

243} PVT-water A|AEIO| MHEAlS

APRES Ajteta 7 ety A7) 2 A e
Bl Zandag H.A atal. 2 PVTRE #7] &8 2
Hdd BE 2 HSE Jd7]1e v st A xs17]
2 YA E o]-got7] dio] E9HA T ofqz] o
FRstAct. Eok thaFeh A Hat

o
=
39,

e
o
do o 2 o N o

oo 2 ol
o
o O

i lwl‘
ol ; JE
o

O

L
filo

T
o,
of
=OL_!4

=2 |o
e b
)
T I:L] I"J
il kol
N o
L e
ol
=
P
i o
H
o
O
ox £ Mo
or 2
o9l il
ox
o

A

Non

>

roho3R B jo N B

mx SLou rlo

Hloot
R
2
=mr
2 4
rr N
o b ik
o g
> ol
ol
2
S o
=
=
=
MR
o1 o
2
ox -
olr
]
of o
o
o

>

IR

>

[~

od
o2 |

ool g
b g

°
o o
I
ol

. -
o
2

PO

ot
el
lo rr =t

ol
ol
rlo
i
|
o
£
ne
i_v“
oflt
)
moh
e

xR
o
&

4

>
@
=]
9,
o
N
I9)
o
av)
<
—
K
i
o
2
2
ol
ok
2
oX,

¥ 4

r>~l

N

ol

o

o
1e AT

ot

ol

32

o

N,

N

lav]

<

Koo

Mo

I
e
fol 1%
my o
N,

o 9
X >
b ool

PO
filo

< o
I oft o 2
AV
K2
'ﬁjglv‘
oL
T
§:)
N

[
Mo % | ox o mlo ot rE o

of Mo 1o got

SIS

o,
o 52 g
lav}

<

—
oo
.

Lot

7 9] f-Fof ot
lazed PVT7} &2

&2 27 2ol 4% 9 7195 T A A&l

%3
_O'L
2
)
tA
rO|\
N,
)
Ol
X ol
ro

o
olr Q
LB

M N

o A
o &
offi g
S a9,

b

o —
mlo oflt
dr l
o

5
-+

o T
2 2 dn
“O Jo |z

i @ o 2N

> rlo fol
re,
-
i
ojn
gij
N
N
ful
&
)
)
ful
oS
ng
S

P EREEE
e e AL

A5, PVTAZ519) 2125 2 A %) 48318 9154

@o] o] ojzo}

av]
<
>_]
>

32 > o
)
O
1
jin
o,
I -
v
R
fol

%, Mo
1o,
ot
ox
=2
o,

rr

o2

<

oflh

fuj

1o,

g

<

H

s

i

2

L

o o

(g, off

e

Noox

ﬂllo mﬂ Oll‘

bo M

kel ool
i

oo
2
S
o
ol
o

|

iC)
Ty

3

2 Ao A PVTA 287} 2] D A]
A 2”131 Geo-PVTA| 271 9] e
PVTEES AAIZSHLL &2 A& 0]

o
o,

gy

=

Unglazed A 4]

N o hu
_C:h
x,

> %
o
=2 oo

BN ol
U et
> o

>

>

ol

o

A

£

ox,

or

1>

e

Mo

3

2

ot

(o]

ard

10

Z

of of 2t |o

o, 1
ol
ol

Iy
>

g rE
ol

T Mo

o & e

4
it
o
i
i)
ol
my, ¢
i)
1o
I
B
o
i
_O'L
2
)

Huj
ol
2
)
1o
i
™
e
i)
i
T
g,
Huj

7]

Ll

H + p—type®] HH=A| 9}

21 P-N A tho] o & Fejoltt. H|
Fgol JAE BFAA = FHAF A E A B, g
219] ARDE AR E FAFNA tol =0l Aejs AR
ol BAA Yol Al HFE ALt AFIn et 2t

[:]ph L—1,
L7 q(V+I><RR)
4 S|P S k< T

84 KIEAE Journal, Vol. 15, No. 5, Oct. 2015

;L VHIXR,
o Rsh,

R, @ A2Ag [Q]

Re, : HEAE [Q]

k 1 B2RHAE4(1.38%x1072) [J/K]
n: tolEx]R

AZIA BFHA] ol 2l of SR B NS 7
aHA oh5 3 At
L.=1, (= V=0)

sc

X kxT 3
Vw,:(uq))xm( "i1) (v I=0)
q( V+IxR)
I=1y, = L exp nXkxT

Hera el LEEAS HE AL 20~100C 9] 77
Apeloll A 2mVC ) ZashA] B3 BARE L7k sl
wtel 0.1%°C 1% F7FeHAl Het ole] whel AL 03
5%C AR, A age A4 H4Hor Fagn i =
57} EobdsE B o] DetdRe S5
gro] AT A0 2 7 Zaste] Blapa A o AR ZO| A4S

Al et

Convective Radiative
Losses Losses

Incident
Solar Radiation

w7

Conduction to Plate

PV Cell .
il Power production

Absorber Plate Conductive
Form PV Surface
Conduction to Heat transfer
Collector Back to Flud
Insulation Flow Tubes

VA‘\ Q/ Heat production
Tércut'
R A

Fig. 1. PVT module definition
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Table. 1. Photovoltaic module electrical characteristic

STC Nominal maximum output power(Pay) 250 W
Open circuit voltage (Voc) 36.78 V
Short circuit current (Is) 893 A
Nominal maximum output voltage (Vi) 3046 V
Nominal maximum output current (Iyax) 821 A
Maximum system voltage (V) 1000 V

Module size (mm) 1644 x 992 x 40
Module conversion efficiency 1533 %

Cell type Single crystal
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Table. 2. Experimental condition

Te?thl(p%zzrlre temp%hlre SOla(IV;flr(rl‘iz?tion
Case 1-1 5
Case 1-2 5 10
Case 1-3 15
Case 2-1 10
Case 2-2 20 15 1000
Case 2-3 20
Case 3-1 10
Case 3-2 35 15
Case 3-3 20
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Table. 3. PVT module design parameters in TRNSYS 17 2 ARy o] EY o] F4EdHF(O)S vt e Ao 2
Component Description Value ERd 4= Qi) E3t o] 4495 4 SR dE4dE
Collector length 1.644m (Uy), PVTRES dusr] a&A45Fp 52 185te] VTR
Collector width 0992m Eo| ZeE oA Qe ASAFQ)L T 5 Ak
Absorber plate thickness 0.003 m
Thermal conductivity of -
PVT collector the absorber 238 W/imK S = (Ta )nIAM GT (1 —nNp V)
Number of tubes 14 Qu — A?“eaFR [S_ UL(Tflmd,E _ Tamb”
Tube diameter 8mm
PV efficiency at reference
condition 15.33% 4. g?"a:l-ﬂl'
AlgdloldE Eo PVTEES AT 9 5 ZH 2
o Atzslglon], AXUE YEo| A AAZEL gaH R Addole o] Avt= AR-AY SA7IE o]8sto] TY =
QAFel Alre] o] PVRES] Wl EEe Bolo] gar  AM 3818 23 5 1 BF £AE vehfick. 4@ A
ESE & Table.4ol eFi S, 7} Case?] 270 o2 PVTRES
AL Fig. 59 o] Urehgh
Table. 4. Experiment result
Chanber set [Circulating set inlet Outlet :
Temperature | Temperature | Temperature | Temperature P(o\xv/)er I(SX) Y\?)C II()Za)k V(I{%ak Fill ((;gctor
§e) §©) §®) 9
Case 1-1 5 59 6.2 2254 82 36.6 7.7 29.3 74.8
Case 1-2 5 10 11.2 114 2255 8.4 36.4 7.8 29.0 73.8
Case 1-3 15 16.1 16.4 227.0 84 36.4 7.9 292 73.8
Case 2-1 10 113 12.2 2153 85 34.9 7.9 273 72.1
Case 2-2 20 15 16.0 16.8 2143 85 34.9 7.8 275 71.9
Case 2-3 20 21.0 214 2134 8.5 34.8 7.9 272 719
Case 3-1 10 117 13.6 204.1 8.6 337 7.8 26.0 70.4
Case 3-2 35 15 16.1 17.9 203.8 8.6 33.6 7.9 259 70.2
Case 3-3 20 20.8 222 202.7 8.6 335 7.9 25.8 70.1
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Fig. 5. Experiment result (Surface temperature of PVT module).
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