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< SUMMARY >

m Development of numerical analysis model, assessment and design tool
Purpose & (HELIOS-PV) and testing method for solar photovoltaic system with a
Contents consideration of adjacent buildings in downtown

m Actual effective power generation forecast and assessment of the Photovoltaic
System with a shade conditions by adjacent buildings
— PV power generation prediction method considering the shade

Results — Development design tools

®m The effective PV power generation performance test method development and
utilization(DB schema)

m Prediction techniques for solar power generation considering the shadow of the
surrounding buildings

m Evaluation of design program tool(HELIOS—PV)

®m PV product information about solar power generation

Expected
Contribution

. Buildin , .
Photovoltaic . 9 Adjacent Electric power
Keywords integrated . . Shadow
system ) building generation
photovoltaic
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Ry,
P=1V
o 7] A,
a : 1deality factor
I, : light current
I, : diode reverse saturation current
R, : series resistance
R,, : shunt resistance
- _—
[ R _}—o
I L
\ ISZ l Fon v
O
[ZH14] ¥ 57 3= 2d]
(1) a(ideality factor) : Ao} =0 we} GefAH, th5} Zo] o|2H0g 4 250 W&

AR¥grE 294,

2) Widalys De Soto, Improvement and validation of a model for photovoltaic array performance, Solar Energy Laboratory,
University of Wisconsin—-Madison, 2004
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(2) 1,(diode reverse saturation current) : T3} o] &% 9 2E=a AZAg Ao 75,

material band gap energy®l WA &E}A.

3

%_[TC

€Ns ( ﬂref ))
1— )
:Z:JJ'Gf

o
aref

7

o,ref

(3) r,(Iight current) : T3 o] fFa A (effective solar irradiance) =2 ZJAA
AARE AAbEE A 2% dEAF{F 2549 (short circuit current temperature coefficient,
a, ), air mass modifier(a7,,) <2 Wl w2} by,

Lty (1= T,0)]

eff+*am
=— " [ +a, (T.—T.,.;)
G(iffﬂ‘(ifM(l'm,,T{?f [ Liref L ¢ aref ]

- Guangyu Liu 9 : Robust damped Newton methodel] wz} dukz<l v]A

Aget -V #AE g, o] RS g2 Ao npoluja tholo= HiE S5 T g
Az &2 B4 g3 (mismatch effect)E ¥FIs 4+ LS. T3 PV Q40 ¥ 73
(Geometry coordinate)S Ea AA =814

. h 6

3 2
g 2dgol 7H53.

(1) ehFg A A 9] 1B -V g

=

0= oLV =1 ][ (q(V+Rsl)) J V+RI v+ roli V+ R\’
=9g\4 - 1sc sat | €XP ’YICT Rsh, a s I/br
o] 71 A,
G
[sc_[[scr—"_CT(T_Tyr)} Gr
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oo 41

o
e
<
o
i)
=
o

- Sandia National Labs PV Array Model : o] 292 Ago] A, dd gF x4 5
Aol mEd FAS Edd o]&dte= WHY. dwr¥oem p o= FE AAE(solar
irradiance level)o] &S Hromw EfYF AFEH(solar spectrum), EE >E(module
temperature), Elgd Aol A71A EA(solar cell electrical properties)d] @F3Fe & wko
o, v, T T2 EE Z%(module temperature)®] F3S wrom <JAlF(solar irradiance),
ok Mol A 7)% EA(solar cell electrical properties)e] @G3F& @ we olglsl 7|H E
AL 183t Sandia ATFA20AME HYS 2E A% ®A A (Performance Equations for
Photovoltaic Modules)& AA3te] Y3 BEe] 5343t AsS oS0 4 #AAZ WH3ls)

of welS R

(1) 71 ¥A- 2 (Basic equations) : B33 X E(photovoltaic module)?] A%5<
2aysty] 98 AFgste i B9 EE(photovoltaic module)?] #7141 EAdol
15 o4

=

N

%
ok
o
1>

LA
(5]

F o

[x

o0
o
L

Module Current (A)
P

b
o
A

o
o
i

1!2N._;+\F....,15 \

i
(=1

Vol
10 15 Fe<log

Module Voltage (V)

(=]
"

ration of a module I-V' curve showing the five points on the cur
Sandia performance model.

[2315] Sandia B2loX A== s =04 2 ol A1

module current-voltage (I-V) curve 2] 7]& Al A& 93 =42 (1) ~ (D
module current-voltage (I-V) curve &% F7} + A& fgk 42 (9 ~ 10)¥
Lo=1 - [L(AM,) - {E, - f,(AOD+f,+ Eyyy)/ By} - {1+a; - (T,— T,)} M
Ly = Loy - {Cy» B+ QB - {140y, - (T.-1T,)) @
Vie = Voeo T Ny = () - In(B) + Byoe(E,) - (1, T,) €))
Viip = Vipo = Cy » NJS(T,) - In(E,)+ Cy - N, - {6(7,) - n(B)} + By, (B,) + (T,—T,) 4)
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P =1 -V )

mp mp mp

P
FF=~ 7;/ (6)

sc oc

1

B T iran (T-1T)) )

n-k- (7.+273.15)

5T, = . (8)
[X:]Xo'{04'Ec+05'Ec2}'{1+afsc' (Tc_To)}‘ 9)
Ly =Iyx, - (G B+ G- B2} - {1+ 0y, - (T.— T))) (10)

o 7] A,
I, : @2 A F(short circuit current, A)

1, Adl =9 249 HAF(A)
Fy=05- 1.9 AoAe AR, [-VIMo|A] 4WH =] A

oc

Ly 28 A v=05- (V. +7V,,)% HelMe A7, [-V=delA s A3

el el Ak V)

o =8 =

p,, - AW =9 oA W)

FF : fill factor

N, BEEOA HEz Add Ao )5
HaolA HdE A48 A i

k=7t A<4=(Boltzmann constant), 1.38066E-23 (J/K)
=

q @ 71 A3} (elementary charge), 1.60218E-19 (coulomb)
T, REoA A 2%

5
= A 2E dukro= 25, C
E, 7% YA A=, dubdg o2 1000W/m2
d thermal voltage
5 T B dF A dgsiA G AR
(3) gl 24" 2% A5 Al9(module performance coefficients), Bl %33 =

H(solar resource information)”} thal 7} sta e g EEoA iy
2bsk o]eldt - 71K AR E HolHuolAy AFS Fa AlTHS 4 S

o,
1
i
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 S.Silvestre 2%

Ba SR HY BA R 22

adef§ LREAI#12| ans dode BIOF AHOL IO THl WY
L) py o e 4

 Oppen st waitege
I=h =,

0= tiae 1,

(2) S.Slivestre =&

< Pvsyst ! “ Sandia module in SAM (King, 2004)

v LB PY Rald® 2150 shodine

(5) Sandia 2& (SAM T =Z13)

(3) 7I= =2 AR (Pvsyst)

[2316] Tl FAF L2(F =H

O £94€¢ 18T HIZAN2=HY FaTAF 45 LudF

=
s Y S dudE T

+HH M AU HEAD YAE HAALY S92 nE H YA IAM(Incidence Angle
(Horizontal global (Horizontal global (Horizon shading factor and near Medifier) factor on global
irradiation) irradiation) shading factor on global irradiation) irradiation

HEH £4(Optical loss)

i
Array nominal energy =S
at STC efficiency <
g
gl
3=
A A% £ 4(System loss) C120] ZH(Amray loss) —»| | 2\
. - s PV loss due to irradiance level ol
Inverter loss during operation (efficiency) PV loss due to temperature o e
Inverter loss over nominal inverter power Array sciling loss 3
Inverter loss due to power threshold Module quality loss
Inverter loss over nominal inverter voltage Module array mismatch loss
Inverter loss due to voltage threshold Ohmic wiring loss

N

+  AC ohmic loss




- oF oluEe] &% F& neshe] Ax¥ £AS wAFond AFHow Ayl T
H= o] A=
o] W
- 714 dlo]¥ (Meteorological data)
GlobHor M A UAF(Horizontal global irradiation), 714 Hlo]g 1Y
DiffHor i 32 AdAEE(Horizontal diffuse irradiation), 7]14F ©lo]g 3}
BeamHor 3 Ad dAFZF(Horizontal beam irradiation), = GlobHor — DiffHor.
Tamb 7] 2% (Ambient temperature), 717 dlolg <
Windvel F%(Wind velocity), 717 dlolg 34
- HAFHo A3 LAY A (Incident energy in the collector plane)
Globlnc A3 ALAE(ncident global irradiation in the collector plane)
Beamlnc A3 A AAE(Incident beam irradiation in the collector plane)
DiffAlnc 337 24t LA (Incident diffuse irradiation in the collector plane)
(usual "diffuse" acception including albedo)
DiffSInc g Ay St dAE
(Incident diffuse irradiation (from sky) in the collector plane)
Alblnc A3 2w = EAR(Incident albedo irradiation in the collector plane)
- 2%} A #(Secondary indicators)
Bm/Gl Incident Beam/Global ratio = Beamlnc / Globlnc
Diff/Gl Incident Diffuse/Global ratio = Difflnc / Globlnc
DifS/Gl Incident Sky diffuse/Global ratio = DifSInc / Globlnc
Alb/Gl Incident Albedo/Global ratio = AlbInc / Globlnc
- gl FAF drtelqACEEHE EAFES adste]l BA)
GlobHrz Global on collectors, corrected for horizon (far shadings)
GlobShd Global on collectors, corrected for horizon and near shadings
GlobIAM Global on collectors, corrected for horizon, near shadings and 1AM
GlobSlg Global on collectors, corrected for horizon, near shadings, IAM and soiling
GlobEff "Effective" global, corrected for IAM and shadings simultaneously
DiffEff "Effective" diffuse, corrected for all optical losses
"Effective" = irradiation effectively reaching the PV-cell surface.

- 22} ## A% % #E(Secondary optical factors, identical factors for Diffuse and Albedo)

Ftransp Transposition factor = GlobInc / GlobHor
FHrzBm Horizon shading factor on beam = BeamHrz / Beamlnc
FHrzGl Horizon shading factor on global = GlobHrz / Globlnc
FShdBm Near shading factor on beam = BeamShd / BeamHrz
FShdGl Near shadings factor on global = GlobShd / GlobHrz
FIAMBmM IAM factor on beam component = BeamIAM / BeamShd
FIAMGI IAM factor on global component = GlobIAM / GlobShd
FSlgBm Soiling loss factor on beam = BeamSlg / BeamlIAM
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FSlgGl Soiling loss factor on global = GlobSlg / GlobIAM
- o olo A o] WM =H(PV array virtual productions for loss evaluations)

EArrRef olglo] 71+ WA= (Array Reference Energy for PR evaluation)
EArrNom FFZ2ANAY ogo] &* LA F(Array Nominal energy at STC)
- PV o]dlo] &2 MPP 24 (PV array losses and MPP running)

GlncLss PV loss due to irradiance level

Difference E(GlobEff, T=25°C) with respect to calculation at STC efficiency,
i.e. decrease of the model efficiency with decreasing irradiance

TempLss PV loss due to array temperature

Difference E(GlobEff, TMod) with respect to model calculated at Tmodule = 25°C

SpctCor Spectral correction for amorphous
Calculated from the Spectral correction model

ModQual Module Quality loss fixed constant parameter,

MisLoss Module mismatch loss fixed constant parameter for MPP or fixed V

operation, depending on system,

OhmLoss Ohmic wiring loss calculated at each hour with the real array current
EArrMPP Array virtual energy at MPP (after wiring and mismatch losses),
Virtual calculation independent of the system running (inverter, regulator)

Tarray Average module temperature during operation
DTArr Temperature difference between modules and ambient'
DTArrGl DTArr weighted by "effective" global' irradiation
TExtON Average ambient temperature during system operation.

HAFgAo] dALE 7 dAF(Incident effective energy) AIMF 344

- [19A] 717ddleoly stdeoA] 1A7E @9l 25 & ¢lo] &9,

GlobHor, DiffHor, BeamHor, TAmb, WindVel.
- [39A] FFaol o] dAb BEZ AT (FFH Y AAA, SAFLAEE, dHlE)
<Hay 249 HE& Perez 24 o]&. >
o] Bge 714k volEelAe] AR
ol TANA ofefje] WS A

Globlnc, Beamlnc, Difflnc, DiffSInc, Alblnc

7F A A B YZH(solar angles) S AF&-3t
S}
.

(= ofN

_l

- [4¥A] Far shading : A¥ X (horizon)e] A%+ A5, AdAAZo] 3k XHAH HA
(horizon correction)S <3.(ON/OFF)

- [694]] Near shading : 43 EA= <13 &ojo] WHAs}

A3 Sgo] = A5, AGUAE gt
59 A4=(Shading factor)& &3t 23S 53 59 Al EE ol &y oH. A8 &4
S gk H7HAA A F5o 2 Qe v &4)



- [62A] AGdAtZe] di&l] 1AM ZFAaATE A&t BAE
AT YA 2o & JAM A AS(IAM attenuation factors over the visible part
of the sky hemisphere)

- [79A] Diffuse &3 Albedo F-EollAl Z}7 SAbAAL A Aol gl A Al
%8

- [8GAI] THeF @9 L (soiling)7F Aol E W, ALARE, SiFAAE, dHof s LA
T (soiling factor)E& #-&. o] @AM oo WFE ALEE.GlobEff, BeamEff, DiffEff,
Alb_Eff,

- o]t NAHS T HPHANAMY Fa i (Effective incident energy)S AlAFs
- e e 23 HEE ALE
Bm/Gl, Diff/Gl, DifS/Gl, Alb/Gl, Ftransp, FIAMBm, FIAMGI, FShdBm, FShdGl, FIAMShd.

olfolo| A WA (Array MPP virtual" energy, EArrMPP) & A28 Ha
(effectively used energy, Earray) A4t 34

- e oy x et 248 ouA e dHFWAN S Fl ool &x(Tarray)E ALE.

2

)

- 5 T+ ofdge]e] MPP 44 (MPP operating point of the array) : STC &8 %4
(1000 W/m2and 25°C)oll A ZHgsls 449 &4 Az n599] AF s 283
U 22 S4E& 3gste] MPP A AFHAA Y TG @ Ee] AAE 4 3l

& (EArrMPP)

(1) IAF &2 (irradiance loss) : FEEAA dAFo] 2He 7 $-o] ¥ &2(the loss due

to the low-light performances of the module)

(2) A &% (Tarray)® Qg 5% &4 0 2% A< Hkg

(3) =2 EY &£2(o}EX 2~ REo|Y Sandia modeldl A Aol F+= 9o 33}

(4) &g o = <lal A7 FHAg &2 (electrical mismatch loss) @ 9 A4 Wb

(5) 259 ¥4 &2 (module quality loss)

(6) LID(Light Induced Degradation) <4

(7) A3t &2 (Mismatch loss)

(8) ojdlo] ¥l £ (Array wiring loss)

- A ~® f& whd @ (effectively used energy, Earray) A4k

(1) AIHE e Rty o Al =7, vi"gg] A3 AZA(direct coupling) 5 A= 4

Z7e] W& MPPLoss 119

(2) HiEEle] o] o @ et oA = AHeE 4 ¢l
€ £21(EUnused loss)o] 243

- HJH7} A2 E ofdg o7l A+ A -$(sub—array with mixed orientations), 2 ¢l
sl A HA 715 dlolg Aile] v o2 e,

rr

FEIZE . ol R A mAL

SEORE e 12 ol galA FAW A AAFA F4
B 2e 8T F A% deAoR H4 Ul wue e ge b wee 48
).
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(1) Liu and Jordan's correlation(Liu and Jordan, 1960) : ™ *]4*(clearness index K
AL ol g3iA A A D/Ge A ZHE ==

(2) Perez model (Perez, Ineichen et al., 1992) : A]7Fd d]o]

A mEe]

% weld % 4

ki
A
I

m &9 A4*(Shading factor)
- 29 Age EE AA WH gt 9o A FEY \4s 9vsk &9 A

Jol dEks m A,

(Shading factor table) : 3z} AolA & A4S A EH o)A w Az-z+-4n}

= 2 g @2 Algte] B2 & Q‘ji 2o A= AIZHE e G

3%, vz uwkgl v AlLkE 3 o] &4 XE WL, ARl B fA]elA

= T o] e Ay HIFEA AEE - Qe

o]

|
o
o
)
3 3
=3

- &9 &4 79 (shading loss factor)© T div|sle] 59 45t thzd A
Aol vlo wel ez Ae] sk ginlste] e EAEE HEEA 59T
/\El =) _/,1 o] ©

® Array incidence loss (IAM)
- FFde FUE = A JAR wEbd PV Al =Yt AN A4 dekd 4
AL, o]= AHE 7] Y&l AFESF= 7@ o] IAM(ncidence Angle Modifier)d.
- B& AMZro] Stk A HWRALEo] AR 7] ol WA wEH(YARZEe]l 091 el A
o UALZd nlE] PV Aol m=ddli= YAFFS ol o]gsk A VE dEd A=
e 485 2t Y 27 249 xHoA FRE3 vALES A ¢ e
d o] MA(Fresnel ' s Laws)ol]l wpeba A=,
- HeZ(dhkg oz f{2)) ofgld F2E PV Ao fashA =dsls dARES ALl
olggt AATAL A9 HW\}(muIti—reﬂection)71]"&7% HEAPEA] 58 (anti—
reflective coatings)ol A ¢ E33F A2
- AAH o2+ ASHRAE w3 & Faste] @d Alg b2 JAMG wef =4 = e 3
w3tk S5 AFESIA AALE e

»

[d

)

r_BL
0
!
_(:‘)(_l‘
o

1
Frypy=1-by - (7_ 1)

cosf
o] 7] A
9 79 YArHzZH(incidence angle on the plane)
- el Y EEOAE b= tHE 0.1 Aol AAl 2A A M= ti=f 0.05 A



o714,

A (0.0<value<1.0)

A (0.0<value<1.0)

=
5 Al (0.0<value<1.0)
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- SN A S Bl e g ALH ASHS v F4T A, 90l ¥
AshE 1141, 1241, 13Aells 242 4.75%, 4.69%, -3.5%2A 21#4S grslr] 913 +5%
ojvie] Welel AFEE AL + U5

- b, AAbEo] wi- Bk 8Aleb 17 o= ASgkell mlsl darelSo] Aatgie] vha WA AF
AH A ol GAMFo] w2 A At AALES BAF N lolA WhAbE F 71
gk gl AAHT tha zolzt 9] wWiEo® by, e HdFREAA G dARE 2
Aol o] A Aurt A FezolAe] B JHek ol 5 7] witel] wgho]
Zod Zow ey,

[% 5] Azb8 gl Adgk 2 A5G o va

Time otuE]E Ak (W) AZ5E (W) L 2H(%)
8 A 17.18 76.03 77.41
9A] 150.39 147.05 -2.28
104] 193.94 189.94 2.11
114] 204.60 214.80 4.75
124] 213.65 224.17 4.69
13A] 224.43 216.85 -3.50
144] 204.74 191.54 -6.90
154] 160.44 150.73 -6.44
164] 99.17 89.25 -11.13
17A] 3.53 5.98 40.86

100

50

AlZk (hr)
[Z1920] &arEls Alvbgtat A530e vl A3t
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