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Study on the Power Performance for BIPV System

Si—-Won Lee

Department of Electrical Engineering
Graduate School of Industry

Pukyong National University

Abstract

Abstract - Building-integrated -photovoltaics (BIPV) are photovoltaic
materials that are used -to replace conventional building materials in
parts of the building ‘envelope such as the roof, skylights, or facades.[1]
They are increasingly being incorporated into- the construction' of new
buildings as a principal or ancillary source of electrical power, although
existing buildings may be retrofitted with similar technology

To address the serious depletion of fossil fuels and air pollution, the
green energy boom is taking place worldwide. In particular, the market
for photovoltaic (PV). energy, a type of renewable energy, has been
expanding by approximately 52% mper year_sinee 2000. Along with the
growth of the PV market,~the market for building-integrated
photovoltaic (BIPV) systems is also rapidly growing because the
building sector’s energy consumption is increasing with the improvement
in the quality of life.

The electrical design parameters that affected the performance of the
BIPV system were calculated to predict the system’s electrical

generation. The electrical characteristics of the PV module immediately

_iv_



varied with the environmental factors. To calculate the change of short
circuit current (/) according to the irradiance and the change of open
circuit voltage (V) according to the temperature, the electrical

generation of the PV array wasdrawn using the MPP (maximum power

point) calculation method.



=

Al A

%M%MWQ% ﬁﬁmwﬂwu% N o 9
S = do W W _ =
do g = = 9 _ T o = oy ~ How P s =
ol o VT F——= - o — X o R
Jl — XO al o ﬂ_tm @.H 0 \m./l ~ — S
No = o m o) N il X X N = 9 = H
m oo R < A [ T n
. AT T 5 y oo NF
=~ Mo R o N o B o 1¢M T m o = W -
o W M W g g & o Wy T A
i B ol T o o = B
— o e ‘U.l o# o= DT.: —_ o :Iorﬂ Eo ‘0% ‘.A| D 10r 1:
o Ko wm o kR s Rk DG
<8 i N N LTI, N R Mo T R ©° xr
M M i = o {2 Ho o8 M,_ 8 e NB ‘.uﬂ ~ D& ojn
- T om o o P o T E Ao e
~o R ) kK H = = - ° B!
X N = ,.%A WA_.O ,UI B, — = S5 R N ;Iryl HL ‘Ul._ —_— \
umo HT < P R T O_l ) o . 1 X LIL —_ 1H
~ Tt w N B T HLB R P N X
v TR o F T R o O TR Cx o B
~ ,Mlﬂ o o 3 ok 1_,_Al _1_40 = 1__/| — w_.t T H T = 1_WL 1_./I
CCINU = S I E = = ) = N o o) T my © -
B3 e w T 7 o o 7 oo B
No Bo — dr = & T E
~a s o N T - X R % TR >
e m om X o5 M X o= Mo L ~ M o
< B o — =S T %o W W
o oh ol7) HoR on Mt wmo X % w "o o
N R o N o] A = o)
i, o o S =Ll Et éo o
o N = Hr M oo Y = oF. o m@ Mr olo & 2o T R o
ﬁﬁ = — 0 il N n xX ﬁo
;amfu_x%mﬂurmwﬁ xwwaﬂanuuu o 1
o TR ok 2= N B W LW o_/v WA N
A I kN = =5 ° A BT
o I -~ % oo X L T o T =
W oo X N ~ — T W ol T2
® o o w RN oom oW NN O
N R D I S TN o
N . < o= T X oy o2
Y w5 T % o o £} Hlo e © ° ay o™ ®R 0
3 E oW P ¥ wre ez
o) of ® o T o W N X X OE oo N o o= o=



Smart Mover7t =7} ZAAHo] =i ity w=xe EnpAs Ztw
(Thomas L. Friedman)1)%= Outgreening, = ZXt} © W], ¢ wa 1
of ti7tA = 7Nl 714, =77 A frElsh uxd AAPsota 7Fxs)
R

JHd % EFeta fElyes anlEE FAUAY 97%0ld S Y
ot wd oA an] £917h Zaash dEo] ofo] 1091, Afane
e, wEnge ouAEE % U g2 1

7]

AshA Al A A} Ba o

=

olo] FOHTHE olUX ERFAF o|UA sulw AP WolE S
AUA AxHd AA TRz Adke] HSA Axjoln, qEel 2A ou]

FEe wEe AAWE £ oA ARAUA] A% D HAGo] HE =
1

i TN Y ASE 2 5O s SuA M E F SARE
o gl T AA AUA ARG el oF 36%F AAHEE
wole o3d Fhe Aow VgLl v [ FARE A5 A g & 9



X

-
B

o

R

=

—

2 =7t
(Photovoltaic; PV) Al#e] AA7F 68%

19

.]

s

Al 2]

i
=

3} 1l
[e)

&

Fol A& oy~

S

N

SR

.

1

2

<]

o Al

=

=

{IE it o B ST

bol mhA

F 3 ulk %

=

°©

%]—HL
[S)

Q.

=
e

W o]
=

&

S
&~

Hell PV

(o))
H

=1
=

o] A&
BIPV (Building-Integrated Photovoltaic; i

I

N

d A~

=

[¢]
[e]

A Ao}

1

kel
=]

3}

-

o

o] A A 7]

e
o)
%

ol
T

0
™
jint

o
o

—
S

ol

=
WS

gl
S|
s
&
=

=
|
12251 9)

d
7]
=

=k

e

1

]

32 BIPV7H

S

% BIPV A

Aol e} 7}

tﬁ:

=

E ool

=

A Y=

Al 4

A

A

slo] PV &

Z

o] AzEhgdo] 75
[}

}

}ot. whebA] BIPV E&

A

A

o

=

=

[e)

=

3l A=

R

o

S

[€)

.

o

p=2

4§ 7

Pmax
7}

Ay A
it

= 74 849
ot Ao o] §

EAY A% U 23
A7) shee g
150

-

MPP(maximum power point)
(@



=

A 2 #F

~L
B

i
0

g_go
Fol ejerel womny Ay ArlE 2

)

Hlo
N

AL

=
=

B A

ol

o ol

Fow 4

A& A A Grisid 5%) ]

ki3

B0

o

)

o

A
B

N

ojy

-



1> Aoy &

<3

oV

iy
< i
- i ay %
o —_
% oﬂﬁ ® : t
T R o) 3 S
: A]# : 7 ,Ul 1: o_a .
olp < o o To % = :
R v X T O 3 - :
T o N 0 s B ¢ 5 o
—_— ! 7A
o) O — "o} MM :.L ~ : 1;‘_
oo T Zh S, 3
= gy Ak I= %0 o o Gy z : Mm
—~ B ] :
T x T o T . K
U A I S JJo i° z -
I W R  _
o : w8 S X
i HA\ = HE ol \‘.ID” L.E =" dl
kWO mﬂdxﬂg : - .
— B/ %o o) T H_A.o G @ z :
ol - m (0N - : i :
5 o = k3 < R
o Nl . T E : ;
KO oF § - - ﬁ
Wy g Mo o oﬁ oo i M 4 : g
an o i " -
i 7 ~ _ N N . ,mﬂ . vA_
iﬁzmﬂﬂiafs 2 1t
il CE R oL o= Ur —— M7 AL ~
H % : Eo - 70 - i o %
M oAR g & L x
° e ll H%d — UTE < ,.;o % :L ME
- < W N 9o~ £l
X O
4 L o=
" m w ﬂ_r M
lvmﬂ [ ] [ ]
ﬂ.o
,.%H
a




=
.

Ae AFARA 7]

q Al 2= (BIPV)

BIPVA| 2= &l (Building Integrated Photovoltaic System)o]& 7]&E¢] PV7]

2.2.1 BIPV A ¢

G MR AT Gk W B oA T
oo N T OT e ) XOE o
™ o] o Ty [ LN Mo ~
K| o ofy Mok W o N Jo 12 mK
4 2 o o e N 5L SR B~ ™ K
z X i PN i) - N Al T
LT R B P o1 T MK . 7~ oo
ot T o T of W = dp T ® T X
i S e o i = T o T oo xo = ~ N
) T g Al ak bl O NGE i
Jo o X5 Ao @ f = -
= = g W T RNl X LT
S A samdll T e T N
ﬂ,ro_}wwo o KBNS L B | S
) e o)
PR e w fE TR A e 2oy
o mw of B N~ OE ol Nj_ 1O ) o
L vp e En R e [ o *
X oy N n D m g IR 2 o by
W T 2o T o= s N %gﬁ
X T A B - o oo [T N o Al
B I Yy = X7
R W N = o mwo guyl | s B <
¥k % = oy ShmaaalW = 2 N T w T
0 i~ (= ; ]—_/l N )
wm 5 HroL H oy A gy = = / T & M.M Mw
— S e -~ 0 =n —_—
2223 Wy urEe Yty Iov
wlﬂ e . %o ) ~X —
ARG xLxﬂmﬂmﬂﬂ%i < T W=
T o W H K S A A %0 T
N oH o g LA o 2w oo O
o= o ™ mlo e T =
= 3 " i 50 < T = o oy o
X B oo ° T X Mo X ~ oy e
o M2 ﬂzg]ggﬂu@wﬂw T
— 1 0 ) 0 —_ o ! J
) = —_— T ~ )
9 W T M B _,Eﬁ Mo o N X0 R f ﬂW_ W Co
E.E . ,ﬂo ﬂo Lt T \»AI# ‘_Ir.VI ToR o CINGS ﬂﬁ &o 1__/|1_
PLEDY wmvcie¥ ¥ o 5T
L) 2% o o S SO x B o W
Yo E T M T ARG W RN T oo W oW



2

o,

ol A

-

AA A

1

°
pal

A A A o] g

1

do] AA]

I

A
=

=] ,

3
T

7EAT

‘l.

S

¥

=
=13
=

A, &
A9t A%

S|
s

b o] Aeldh

o

j=

t}

DR

[e)

2.2.2 BIPVY A 7A

i
=)
NF

Z %

toh mebAl BIPV

<)

s
BIPVE & Al<]

=z 5

[e)

=

7h7t B

=
=

3},

A= 4

o

=7 9

gl op Al E A o el A

ul
AZz7|GANATEEY 71D A =

9 7F glo]ok

f

=

£y

Abell ek

Q]
=

=3
=

2

32
2

]
4) PV-REo] 2827t A~

2)

ojn

A9 p.162

R

Al g

A 2

<




6) A7) kol &l

A%

b 1A

=
=

}‘\l_

Ao

e, dWMEe x9 29 &

¥

o}

a g

ol

A A

o
=0

o

7] 5-dle]

bl

o

7ol

o

—~
o

NN FATNAE F7147]

=

—_—

=H Ego

=
=

Aol A&urh Be o

F=

X
x| A A %7}

S|
=

SEEEIBET P

]
=2 0
o

b1 7]

S

ol=)
R

ol 7},

& Wol A W

5

w3 o]
9) £Ho| o

sopaty.

2.2.3 BIPVS| HA Z2Ax

BIPV A4

A5 olu, A EAA e

A7 =

13
.

1) PValA ity

b
<+

4) PVEES &2 = 5715%

5) 7]

ox

H

o
)

R

+

—

N
,ﬂl
-

o
K

A7t A

il

7) PV ol#o]o] 4%



T Utk

s}k
=

7] o

=

=

o Frjal

[e)

=

3

i = Joor - uh 50
Mo . ! o ™ T = uV,_ & =
T wr_ o T o o B o
U % < = i : o
XO = Xk — " N o o)
™ o 0 <R o W ~ T e )
(2 cY iy o ) o ™
z 05 M T E BT o NKX
~ o X iy Nk %o ol ol o W =l =3
oo ml R g T i
™~ T~ 7
o b P T B TS e
- o 00 K ol W o wr i )
NG ~I ‘_._Wo O_U ,mmE ﬁo 2 = e i m < ﬂk
‘._ml, <0 © ~ Mo ,._,AM I W= K % o i
®oom Powog Ty ogleh s #
w8 T LT RwE i w4y
— 4T E A RPN A\ R 8
h ® oW o= - o, o] N e w o
oy N < o R oy R N R X
— _ZT.C T EE ‘Ul o Or.c el ﬂ ﬂNL
LTI R IR AT oA ol e
: . U BT ¢ o X
> B AR - - N
A N T RSl oy N\ E®F P g
g o T T N e B ® o N Dy
PR EED gowmg ¥ NV LO®
e Xy giwdpl®s AT L
ﬂ X ,C N H;l 0 :lA_w,._ _— o
e Il ! = H
MEAEVP%MHAEW%MHT.Goﬁ )
p W N ol = wo— R8T i NS i il
= 0 oy N (Y I T o
Fo T "mVﬂ N o R = ™ go "ﬁh o T o X A
S > A VR TN MWoodp A 3 X o = —
T B o
T U R - P = #
s a2+t xmgIiBmwe § @4 W

19 A zslo] A wr)

o] MXx

7 A



ol

Fot ek 7]

uh s

el

57 o

]
S

Az AE 2T

uj wit} PVREES A

s}k
=

R

= 2=
= T

BIPVA A

-
1

7}

=
=

A ot webA

AA-HETT

AE

3) HFd Al=E A

0
TN
Hr

o

_10_



ol

71 A]

©

ol E o

=
=

7] Ay A

=
4%

oF
X3

X

1o

oF
T
ol

_11_



Bl YRS
1

(29 2-2] AledAE As

fvze)

ﬁa

2 4H 7R

4) ofee] AA

o
%

i
—:A

17rL
B

HE A

2

vzo)

;e

~X

¢+

T
o

—

NI

il
all

Eiass

A s oF

=
-

el

1

ok

7 9WH FEA

&+
eyl

)4

1

o

X
=0

(o]l Voc(7H

<)
T

s oF gkt

atof A

?_

)

S|

2t} Aofol

Z
o

X
%

N
T

Al

o

1) 7]

o}

=
=

o] BIPV

o

7

=
=

#

tzpol |7t AA 7] ekAl el BIPV

—

Atk BIPVZE HARR14 24 o9fol], A& olyA]9] <

_12_



HET} o] Fof

of o

) 524

1l

R

¢+

—

__AE

BIPVel =LA |as vl

Ag A

bob weA

R4

kel

Ly
=

@707
BIPVE &2 F579 Cell®]

1

1

A]

JJo

Eal

T}

3=

<
T

3] HEH o of

S

3

=
=

il
}=dl, 1 o]f+ BIPVA

°©

%

o

1

d 7F

A
of Al BIPVA] =gl o]

= =
=T

al

7

o Fo|E oFo] okt

-
R

7

Z
1%

7

{23, v A5 eke]

i

A== ALA o] BIPV thaf

o wh7lol A
o, weA

AF
=

oy
0
,ﬂI_NH
N

o}
ali

!

A
o

Hlo

X

up
m

@ BIPV

R

o
il

B

el

A 25 AA N SF= AL 2R

Eil

2l

_13_

o AAG AT, 98, AR, APl W A= A
ol A=A+



|tf i 15
[ |
1] [12] [13H14
[ra} {14

(29 2-4] BIPVY| thekst A=

-14 -



Al

cll

2) 71

B
22

)
—_

—~
fite)

il

—_—

0
X

Wo

ﬁo

ﬁo

3) AAAEA

3}
ol

R ELE

=~ o
T

ol

o
Mo
™
ol

4

1beh ABe A wmwHe e Yehel Wk AN A=A

ENR
z=
R

Eal

o]

FAL Ao B

-
T

N
T

A

!

37 98 w

HAl a2

()

AlEdgola Z§uu, AAAe] =S B A

a g

2~ €l
— XA

A A

%

= _H

3]
ol

UER A Ao A

ol
1o
il

e

A 0] 7]

s

Joll thdk W&ol A= thFolx ok

A R Az

9]

o] Ao~ BIPV

&= skt

gt

3] HEH ook

)
=

)

=

{Jo

_15_



FAE, Ale A, ANA S

SENSOR T/D BOX

HORIRAD (+BRUMY &

CONTROL BOX

OUT TEMPT (27| R5E) mom) —————————

ﬁ@wwwa

LocALE Y H &

P

Atype -163%,1% @ 2336w
" 7 j
& 7 fem= | [0
‘mwu‘ o sz ‘mamn ‘m|
ot [P o [ e [
Btype -vas14g 2w qrzouel
O I T y ~
EHEREDES) TR Z: ESEa—p—
» RN J
ATYPE -165 8,18 & 23360 ) LiLL
) 1 W )
TR \ Py © sEsdt—ocgsd
i . @ pcu4H -~ pHg
BTYPE -7, 1@ 248200 \RTTTL ® ArEE —OcHAY
j @ AcrEE - Ss1

24

AHE- || AHEH2 | AHE3 || AHHA

AHEHS5 | DCHSEHACEES

T

\@Jgg\;

[29 2-5] BlFAT=(FHAAYANTA TR A(YHE BIPV A5 S8EA

of

&8 1146W x 845 =12.264kW 7 A+ BIPV)

_16_



of tH

o

=]

HM o

171 915

°©

F

-

A AAEE AL

AL S

(<))
=

1)

0 5%
0
N
) W
0
X =
N
— o
k) K
-~ N&
<)
% i
~a
< X
T @
& o
,ﬂo mmO
90 X
T oo
M% 2
o
)A
U op
_ o
3 .
BT
X o
Sl
| o
g
<~
o
LT
i~
g X
g

1914

Wh/m® day
3,444
3,492
3.200
3.595
g 537
3.579
3211
3,620
3,646
3,861
3.398
3207
3547

2 E

A gl

= [e)
"l‘j/o]:t

* day
2.962
3,033
Zed O
3.092
3.037
3.078
3.019
3113
3,135
3,320
2,908
2.823
3,059

g

o

H] &
_ 17 _

30 19 7] 7]

keal/m

THM HelApz

atv, o

|y
=

S

(2011.
£ A A
of upeh v

L
a

’CH

[e)

R

x|%f
ERE

%

3) WSk AAtel

el



O

[719 2-6] W9 AAbel w2 dALE HAS5H &

oy Majg ;
S g 21.6 1-2-:_5 IEOv|f§§ 6.5-9 04=05
— 24,7 16-20 160-200 5-6.5 0.3-0l4
P —— 20.2 16-17 160~170 6-6.5 033
SEE T 20.3 116 15 1155150 7-q 0.4-0.5
Silizium amorph 13.2 5-7 50-70 15-71 0.1-02
mikrokristalin 15.2 5-7 50=70 15-21 0.5-0.7
mikromorph 13.0 7-9 70-90 11-14 0.3-0.4
Cis
20.0 8-11 80-110 9-13
Standard (Selen) 0.2-0.4
13:1 6-7 60-70 15-17
Sy 14.0 8-10 80-100 10-13 88
L et | '
CdTe 16.5 6-11 60-100 9-17 0.2-0.3
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