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SOLAR SIMULATOR FOR MODULE

Learnin
Workin

The maxitnum operating point of
solar Photovoltaic (PV) panels
changes with environmental con-
ditions. Simulator is born to locate

the maximum power point and
outline the module characteristic

B
&

curve. Several simulator types exist and are
classified depending on their working mode,
but with the same purpose, characterize mod-
ule with maximum accuracy.

BY JOSE VICENTE LAMPARERO

Mew Concapt for Salar 5imulator

For the last four decades, tenewable en-
coezsed. When aansporsng elecirical oo
places, photon-oleadc sysems
age: e advisable. In gemesal, elecericicy
promdded from sols modules is mome ex-
pensihe than the one from the welicy Zrid.
For that reason. it is necessary to smdy

Sy SHETS.
_ Dafferences are noticed on the genesar-
ing light focus mode, althoagh ey coald
almmm:nﬂnmﬂum

channe]l swinching is less scourame, buor
chesper on final price, for nses it jus: only
one channel versas a thoee: chanmel capinge
in paraliel mode:.

Sweathy-5tate simolstod FENEraEs 4 COn-
it fiocus lighe. e gets grest hoomosene-
ity on light-focosed plane, bot consome a
large amonn: of enetgy. Measa® aCgoisi-
dom i5 also deficien: 55 cEITMperangE od-
ule increases while data capoging and be-
comes detrimernial.

Pulsed sitnmlatos gemerates shoor duors-
domn pulses (vahaes, from 1 ms & 100 ms).
Measorememns ane faswer than sweads-seane
siTpularors, bar more complex and expen-
sive:. I is due w0 4 shomer period exposure
and in consequence, the EMpErimIe -
ciease is ivabaable while daca recordmg.

T differens groaps appest when ralle-
ing bt pulsed lishe simlanrs cansed by
different characterictic Curve Doslined.

Short galse of muoldple pulse simulaor

Mo -

Fracds zy Silsn

e

fesistance magnimdes (from shoo citcoit
R=0 t0 open circuit R=mf), one polse by

lm&ngmhmmmﬂlmthwu
Pprecision s characserize: the ocale.

Lang pulse of single pulse: sysEm is sm-
gle-shooeed, connects the module with a
v-arighle: wsistnce in dme and, elecoonic
load is pecommended. In dis way, 2 Colve
i5 outlined with only one shooe and a grest
fesolution berween differens points de-
pm:hngmﬂnmmhﬁm’u:qn:ﬂm-,ﬂ::-

Ihp-e:uingmpnlsafu:n,twudm
ae differed:
= Plane pulse, stepped pulse shooeed and
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prefixed radiation walae, Captuling

= Decayving pulse, generamws 8 fmp
fralsed shoot, and capode desa while the
desited average valoe tales place.
nsed w0 Zmmge the modole seqal esis-
HANCE.

Ganaral Simulator Operation and
Normative

has the sawe workang medhiod, dhis conld
be with 4 basic schedule com-
poonded bey: light focus (pulsed or consdnm-
oms) filsered o gex the desired poreer, amd

|
ijl'ifg

Figure 1. Schematic illvsranng a fypicel process (Soeo: ke

the Hghe speciumm mecessary and finally &
kata Boquisison Syser. See Figunm 1.
Droring the measuremen:, TRodale is
swept foom shofe ciscodt o0 Open CitCadt,
doring this dme simolstos capnues 3 faw
diata poines for curen:, wolage and iredi-
ance. From these dea IV and 1P curves

diwongh a eference phosor-oleaic
acconding to scandand IEC a000d-6 of a
shonld be accursed with + 1 1 precision,
voltage and cumens with + 0.2% poeci-
measue shold be used.

voltage modole &5 reached by nsing 4 foar-
wife measure m::hmq:ﬂ B].rusmg this

seandard wsdng wahaes condidons (25 10,
1000 Wim® snd Al 55 speciom). In
Figue 2, ondined curee shapes and is in-
floences respect those parametess sie
shicre.

ule simulators &6 also comecsed by spec-
won. Spectrurm has less influoence: on char-
acteristics than other +ariables such as
infhaence: conld become appreciable in sin-
gle solar cell measuremenits.

dio affect modele Coftent (Cuften: ZENETST-
e by 2 simgle-cell is i oo the ir-
fadiance received), +olmage is mor affeceed
a5 Much, owes 300 WiM? voliaze genecaned
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is pracdcally conssan: .

In this case, ~voleaze is the mos: affecred,
the higher the sempersnae: the: less voliage
the cell senersies.

en:. Vith this fuipose, simuolstiors shoubd
be eguipped with 2 highes precision syseTn
which measores the immadiance on plane
and the modale ETRperanae.

The Standasd [EC 60801 describes s
diance and emperande COMMECHON PIOCE-
dures. Correcdons are implemensed

the expressons {see Expression 1)

Wi, 14, Ime, T1 are acmal measaed vole-
S5, Cuitend, irradiamce and wEIMperanee.

WZ, I2, Isr, T2 e the comecoed charac-

o and @, s emperstose coefficients for
Ccument and wolage.

Bis is the series PRSISHITCE.

E 15 the cufve comrecton fachor.

The capharing o and #, and serial resis-
tance procedate & established in semidsod
IEC so891. Ik basically consisis of per-
fooming differens: capiotes oo differens -
peranaes o find o and 2. And emirdng dif-
feremt palses warying radisdon o plos o

may irradiance — min irradiance

Non — uniformity (%) = [

may frradiance + min irradiance

]::-e: 100%

Expresvion I. Temperaure and irradiance correction formmla Same

MODULE PARAMETERS
& J
lae
T
& Pmp
I
B .
o
g 1
2
*F al
2 FF:IWTFW
1 ] Im‘rm
| (S D VSR — . .S ..o
2 2 4 6 8 1012 14 16 18 20 22 24 26 28 3 A2 34 3G 28 40
Voltage (V)

Fipure 3. Typical module parameters graphic represenfation ared exprerdon for il factor (S sme)

max frradiance — min fradiance

Non - umiformity (%) = [

max frradianee + Min iradionce

]:-e: 100%

E‘l;lrmmlfﬁm—m.g’mmljru-u-q

Indeed, humidity,
temperature are gl’ua‘t
influent factors
in solar radiation.

the Maximam pomwer plos ~aryr with radia-
i amd deneify Bs.

Afeef COfECHNE MEaSnIemens, Charsc-
wefizadon module perameters are deter-
mined (Voc, Isc. Ppmp,Vpmp, Ipmp). Voo
is the Open circuir woltage; it consisss of
TNarciTiar across the Ootfhae termi-
nals of module when dhe charge is infinse.
Isc is the shore CisCoit CofTent, TepresEmts
the Maximon cuten: provided when the
charge is =eo.

Pmp is the poine on the
(%) curve of a solar module undes illormi-
nason, where the product of cormen and
voleage i Medmoemn (Mmeasored in wass).
The poims on the: I and % scales which de-
seribe diis Curve poine =0 mamed Imp (cor-
fEN: 8t TRExITIN powel) and “Vmp (ol
HEE At TSIl Poreet ).

Fill Factor (FF) is the reladon beteeen
theorical and real maximum power the
modnle is capable to prordde. (See Fignme 3)

Standard Classification
sﬂn:l.'i:d. IEC 609049 describes :I'I.l:l'l:l.

l=tors are classified on:
= Mon-onifoamisy for dhe lghe plane.
= Specedsl march for light

= The long-werm instability and shoge-

EITH

Solar siumlasors can be either wsed for
enchrance irradiadon wests of perfommance
measuEmmens of PY dewdces.
wlarors irradiance exposure should ar
leass clasy COCC reguiremenss where
she durd lewer 15 relaved o long-serm in-
saibilivy. In the mq’meﬁrﬂ-’pﬂjh

and minimum podint on mMessufeTneTt
ﬂmaﬂu&:ﬂ:ﬂmﬂﬂmm

Eﬁﬂngagxuiumﬁmuymm]m
unlanors is reached by wsing optical kdts.
These optcal kits ate compounded by dif-
fuser lens and homogenizer elemmenss. It is
further the light focus is setled the beter
light wnifoamiey on plane. This is e rea-
son because some simmakarnis on the matke:
feach oner 6 TReETS.

The non-uniformin: nciease on Mea-
suemRent plane affeces IV corve, if mon-
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uniformity is high, posison and module
OEEETEaE0n i Simualas affect messoned re-
sults. As each solar cell on modnle re-
dure a differens current vahe:.

The specaal masch tefers o the simdlssi-
ty berween the solar spectum snd e lamp
spectiom. The range in stods is foom 400
m:nn'.: 1,100 nm. According o the IEC

every Sub-range mast hawe 2 de-
mnndpm:mufﬂﬂ seal irradismce w0

lamps st wsed and combined with the ap-
propriate: filiers in onder o redoce e ex-
cess of specific wa-elengths (see Figore 4)

Once voo haee done dhe measaeIREN:sS
with 8 calibraed specoomeser, due o the
non-linesrity of the devdice, it is necessary
t0 interpolate the dara into equidistant
wavelengths. Then, gedding
sub-ranges you can get the clessificadon
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Rslative Speclral Irrddianse

i

Nowadays, getting a
proper racterization
as for cells as photo-
voltaic modules becomes
extremely necessary to
maximize installation
efficiency.

for wons sithulstor, see Table 2.

Final classificasion w4l be the worst sub-

The LTI is elawed o the irradiance
change of measomed dasa ses during the
time of deta scquisison.

While characteristic cof+E Captafing
faocess, radisdon shoold be as conswant a5
possible. In ooder oo this 8 wasiabdlisy Hmde-
e range is set t0 be considered as accepe-
able. This characieristac i5 Mos: cridcal in
wiik with 2 irradiance camp, therefoe, te
measuring period shoald be limived, o
Tinimarn and be higher dhan 2%, On the
Swmady-Stare simmlators and plane siep

SI‘Iﬁmfmmﬂndﬁ:;rmmmgml
COnHnnoos sammples. Simolasors st smin-
dependent charmel for irradiance, woltage
and CufTEm 88 Mot vETy Tach affected by
this mesmiceion, a5 ST only depends on

class with a filieved menon Lamp. W

Jagz Vicenss Lamparero is a Progect Enginesr
Jor Siifen Avdomanion {www.SlikerL oo,

0a 400 SO0 Eao Taa A0 800 10400 1100
Wiorvelength in nm
: 4. On the beft, speciral irradiance distribufion of @ pulsed solar sirmlmtor uning @ non
Hemom LoD the right, spectnal irradiance ising a filtered A Kenon lamp S S
Temporal instability
Speatral match Mon-ussteemity Sharl larm Lang berm
v PR g —y of irradiance | INtabty of | imscability of
a7l Lm
L] 0,75 =125 4 o0% 2%
-] D=4 B% % 5%
c Dd =20 1% 10 % 10 %

Wowva ngih rangs Parcamisps of oial

irmadance m the

e WareEEnpth rangs

&3 prn = 1 BH mrw
i AEE - &30 il
3 S - 300 0%
3 Bl = 0D 1hd 5%
4 TH = #0D id, B8
B BEE - 12,85
B B =1 10 15, 0%

Table 1. Wmmgmmmmm-q

speciral
aistributton ghvm it JEC S0A0-T Soace: Slkmn)

Table 2 Global reference solar trradhance
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