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AM Air mass

Aol Angle of incidence

APE Average photon energy

DHI Diffuse horizontal irradiance

DNI Direct normal irradiance

E Energy output

ECT Equivalent cell temperature

ER Energy rating

FF Fill factor

G Irradiance

G In-plane (plane of array) irradiance
Gig In-plane diffuse irradiance

Gip In-plane direct beam irradiance
Gest Effective irradiance or spectrally sensitive irradiance
Ggic Reference irradiance at standard test conditions
GHI Global horizontal irradiance

GNI Global normal irradiance

H Irradiation

IAM Incident angle modifier

Imp Current at maximum power point
lec Short circuit current

IR Infrared

KPI Key performance indicator

LID Light induced degradation

MM Spectral mismatch factor

MPP Maximum power point

MPPT Maximum power point tracker
MPR Module performance ratio

Prom Nominal power

Pax Power at maximum power point

12



Pt Power at standard test conditions

Pstc stab Stabilized power at standard test conditions
PID Potential induced degradation

PLR Performance loss rate

POA Plane of array

PR Performance ratio

R, Series resistance

Rsc Resistance at short circuit current

Roc Resistance at open circuit voltage

SIF Spectral influence factor

Tete Reference temperature at standard test conditions
T. Cell temperature

Tamb Ambient temperature

Trod Module temperature

Tas Back sheet temperature

ATeps Difference between cell and back sheet temperature
u Uncertainty

uv Ultraviolet

Vinp Voltage at maximum power point

Voc Open circuit voltage

w Wind speed

Y, PV module (array) energy yield

Y Final yield

Y, Reference yield

S] Tilt angle

T Recording interval

y P.ax temperature coefficient

13
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L PV module length HX=HI+L- simé)
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Dy  Right-to -left distance of PV modules on mounting rack
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: | A
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i | - Scroll button ¢
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RS485 ' RS485 Transceiver
f A s
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: \ 4 <}
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m <=0.2% (min 0.1%)

m >0.2% (max 1.5%)

a2 710: IV &F MPPT &8 FE%= uk=2]

StLEC| A E, A HESEA StoM MFet MY Hele XHH2
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CjoloE mYe E 2 Mo Do ZHBHC}
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HORIZONTAL GLOBAL DIFFUSE HORIZONTAL  DIRECT NORMAL  IN-PLANEDIFFUSE TOTAL UVIRRADIANCE
IRRADIANCE IRRADIANCE IRRADIANCE IRRADIANCE ,
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A2 OtLX|ZH M EEZ ABHCEZN HU ZAMZEZE FEE £+ Y10 2[00 HoH
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S0 AT 5= UCH o] HHE2 H/2E HMFR2E F0E FESICL F o HE 42
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SBS M3 (Preferred) CH Ot (Alternate)

G HU =AZE BAT O|X} #F UALEA
in-plane irradiance Tilted
Gt =& S 8 ZANEE Tilted 7NE A
spectrally  sensitive ‘effective’
irradiance

Gip T A EZAMZE Tilted DNI * cos(e)
in-plane direct beam irradiance
Gig TU =it ZAZE Tilted HEg =22 7 @ TMO| | Gi-Gpp
in-plane diffuse irradiance A2 0| HE AHEA
DNI A X AT E=Z 1 S0 M LA RS
direct normal irradiance Tracking E=A

# 3: j0/E o] 2B B2I2 A/ #olE FIE 2 ZE.

BN M S (Preferred) CH 2H(Alternate)
GHI 2E2Y 3 H ZAHZE =8 O|Xt EE UAFEA H| O|X} & LAEA
global horizontal irradiance Horizontal
SPN1
DHI =8 T 2tk IAZ = Horizontal | A28 =& 712 &€ <IXMO| | Xt&& s 71z
diffuse horizontal irradiance HE2 O|At HEE LAIEA LALZEA|
SPN1
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B5 384 Vo & IR &
Contact methods
29l 54 AL E HRAOM ZHE | QP E T AEHOIAM ZAMNZE G > 600 W/m?2
ZHo| HE 2 22T Hgt2 M, EALE HOH HE 5253 ZAMNLE
s =22 7t Hom g2t Bt
4 IEC standards: 61215, IEC 60904-5 Of =5t 143} ol & (IEC 62446-
61829, 60904-5, 61724, 3)
60891, 61853-1 0ff =3t
iEs = ZE2 0™ ASHOE | Al ZESETEHCE) | 2E2 O{H HEHO L
U2 = UL Voo O, LEHX] AJZHO= | RS = AS
MPP, Vo, lsc
HAIZEEH A% =5H JtsAAE s ZHEES2 V0l | SHECE AYMA EY.
BEME02 AR 7ts) X E 0 2271 O LY 0| ALK
=2)8 M8 ZE0|L} e glo] Mo MME
Voo 2 285 S0 A0l Bt £Y Tt
AN AR EHE
V-ZMOZEEH V)
0 2
£30| ZOE 7|8t £ Lt | EE0A Aol HERERE | E ZE, O|OX|Lt B2
st BHA | 0|49 M) MM Fo| st gls
S < 0.01°C < 0.01°C 0.01 °C 7tX|, &7t
S|A = IR 7 2HOf|
ols AY: AHHE HHO
CHot Tdiol 7=
22T (k=1) |[MAMTH0.1~025°C ©E [ ZE0 sl m™o| &  [01~1.0°C BFH A2
HH|[7F0.01~02 °C =7t | &2 0.1~0.6 °C, ANZ2OefgE ZHzte|
7ts, AKX & gt HE 5E0 AHEE H|-&)of o|&
71 HH(EHU8)eR [EE 3 o 2=z ofE
Qlslf o Bto| 7}

2The ®= MAQo Bt = =XE 229| &

- 1 O— - [=]

£O[X|2H O] E=E2| A7|& V, B2 IR &0 H|s| o LI,
3 One-diode 222 |[EC 60904-5 Of 2} AHEEICt Two-diode models O| I:‘l gatgh = QoL AHEXQ|
g @M O ol 2%,
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MRS TEo| WE Siet Ze Fo| wWets Jl4 I o opjEls =F
ATEHO M T ZB0| Totct

AR C-IZ2MO[HO ZR) B2 CIS(CHEERA7Iel Z22) BX|7] 2252 E02s %9
HUXIE H& AZEQ0e] =F2 Ot Al M7|9 2 Hetstrt EX|7] X7t 7|70
ol EHXIE = Us Mol oY HAE ZAFECE Y 92| AF8Ele &AM & Sidl InGaAs 2
242t 1117 nm 9 1700 nm 7HK] EFX|S & QICHE3. HC M OHX|7} O Lo ARESe
2200~2600 nm He(2| EX| SHAE M3 = UKL W § ATt0|Ch E- I Z20O0|He= E&
EtX|7|2 ™Kt SHiZHphotomultiplier tube: PMT)S ARE3tD, CHAMZR7|ol 4 ofg0|&
M2 et X} (charge coupled device: CCD) &2 &LCH0|L _(photod|ode) o{g|o|2 FASICE.

>

M

012 &S (noise) RAUSO| ZEFMAZ F¥ot AHEHO| k= OTL.

o IE TS LR 2451 O 52| E40f Qg oF7| =Lt

o AEHshot) &&: BIX|7|0f YAE= ZE Ji5=0| A X QI Hatet BHEICH

o Ct3(dark) &S LAHZO| 912 M MXS9| & MM HHEICE

o 7Y IHE FZ: O|RSH= T ALO|Q| & SHQ| Hztof ofsl OF7|EICt
e S22 M8 AZEQY UWojM oy =& Hd™EE HESAL 22 27 AXNEEF4
252 ZFPEYCEMN st = QUCL S0l 74 Q459 EMIt 4z AZA S 7|70
nest QXL A0 =HY = QA = T UCL O|FH 2 EAA S MHSH ™ot
AHE2 AP EXSH| IR SHE AHEHZ AFoHY| fIdiME 280 2 =0t
2 O B2 AIPHHSE0| 35 HHE BEESAAE MESHRJACE 28 21 2 15 71 A= 7|20
HXE 2EEAAE 2245 A0|Ct FHY = Y& T e O wako| Xto|7F QUCH MA
S0 et 1100, 1700 2 2500 nm 2| LY HA| =&e 4= QUL O B2 oHEe| 42, MAM=
220~350 nm AtO[ON SETHZ| Al=SICE 9 JHO| &2 HE Ho| AHWEHZ

He 2-= EHA 2|0

9

(=]

£9sta, 1 & 8 & ZAHO| Chel otLts ST o CHs ZFstct
AKX Z|0f ACH

SPECTRALE IRRADIANCE

300(350)-1700 nm

300(350)-1050 nm 350-1700 nm
1 -

220-1100 nm

FIXED PLANE 2-AXIS TRACKING

2E 28 £F TNYE SO fP T (£F HEY S L)
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c-Si1 CdTe 1 CIGS 4
Cologne Ancona Tempe Chennai | Cologne Ancona Tempe  Chennai | Cologne Ancona Tempe  Chennai
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-2.3% -3.9% -8.9% -9.6% -1.5% -3.5% -6.7% -6.2% -2.9% -4.5% 7.7% -7.6%
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-1.2% -0.8% -0.4% -0.5% 0.0% +0.2% +0.3% +0.6% -1.7% -3.2% +0.2% -2.9%

+1.3% +0.5% -0.8% +1.6% +2.3% +0.9% +1.1% +5.3% +1.8% +0.7% -0.1% +2.8%

-3.5% -2.4% -2.0% -2.9% -3.5% -2.4% -2.0% -2.9% -3.5% -2.4% -2.0% -2.9%

-0.5% -0.5% -3.7% -2.1% -0.5% -0.5% -3.7% 21% -0.5% -0.5% 3.7% -2.1%

-6.2% -7.2% -15.9%  -13.5% -3.1% -5.4% -11.1% -5.3% -6.8% -9.9% -13.4% -127%

MPRcaic 93.9% 92.8% 84.1% 86.5% 96.9% 94.6% 88.9% 94.7% 93.2% 90.1% 86.6% 87.3%
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Ancona 1556 kwh/m 12% 34°C 1,67 eV 757 mm
(Italy) 35
Chennai 1861 kWh/m?
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India)
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[1] R. Ebner, B. Kubicek, G. Ujvari, S. Novalin, M. Rennhofer, M. Halwachs: "Optical Characterization of Different
Thin Film Module Technologies"; International Journal of Photoenergy, Article ID 159458, p. 1 —12 (2015).
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[1] Duck, B.C., Fell, C.J., Anderson, K.F., Sacchetta, C., Du, Y., Zhu, Y., 2018. Determining the value of cooling in pho-
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A HA =202 HE{O] AFXIT} &
“Wﬁ
Gantner. ks %mmw

OUTDOOR TEST FACILITY USA |
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aix | A7 e | Difsrent technciogen
7= OTFa - prizona, 201102

TEEEEEE
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R

- Gan tner

i R Wy
Logeee Resis\énce-yok‘sage RV measufe-
ments (Ganther (left), NREL{(right))

ounimo 1= 1 111 B

nRac ...

Gi { ki

7l&H NRAE: 24 715: O|HX|+=& Ti2t0|E (PR, YA, YR), HZF BN AfZH| D8, E=7
HXZEO Y//At 5 | HAOY, EAZO & AT, 7| 0|, 22 €A | €H, {2 =AEE,
YA AHES, AZH 83, UD B | 2F UHE | AZ20]4 (PVSyst, PVLib) AT | == A 22
(LFM) A=, 1A 45 22 (MPM) A=

= (
BEQ| EME &Qlst7| It M EH: 5 2 0..60V, 0..50A, Pmax: 500W (800W max.) | 24bit
resolution with 1200Vdc galvanic isolation, 50kHz sample rate | Dynamic sweep time and scan interval
| Tracking modes (Mpp, Voc, Isc) | Fully synchronized scan concept | Calculation of key parameters
(Isc, Rsc, Imp, Vmp, Roc, Voc) (curvature parameters for | mismatch and Rollover) | Output of Coeffi-
cient for Models (Loss Factors Model (LFM) and Mechanistic Performance Model (MPM), SAPM, ) |
Reliable software with special self-monitoring features, automatic data check, user alerts | Reliable and
proven industry components and calibrated sensors | Standalone Plug & Play system for in-
door/outdoor use (IP65), customized channels

FnE:

[=-x1

Ho

[1] J. Sutterliti et al.; “Characterizing PV modules under outdoor conditions: What’s most important for energy
yield”; Proceedings 26th EUPVSEC, (2011), pp.3608-3614.

[2] Sellner et al.; "Understanding Module Performance further: validation of the novel loss factors model and its
extension to ac arrays “; 27th PVSEC Frankfurt 2012

[3] J. Sutterlueti et al: ,,Improved PV Performance Modelling by Combining the PV_LIB Toolbox with the Loss
Factors Model (LFM)”, IEEE PVSC 42, New Orleans 2015
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SHORT PRESENTATION Institute of Electrical Engineering,

OUTDOOR MODULE TEST
FACILITIES

Responsible institution
Photovoltaic and Wind Power
Systems Quality Test Center(PV
Test Center), Institute of Electrical
Engineering, Chinese Academy of
Sciences (IEE,CAS) www.iee.cas.cn

7|9EA A 2K Gong He county, Qinghai Province, &=

2
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IS EAUCE 20090 Task 130] FSIALD, CHASt 7S xA SHOML| & & SHE4, M2|d1t
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[1] Haitao Liu, Performance Ratio Measurement Method of Photovoltaic Modules under Natural Sunlight Condition,
29" ccDC, Chongging 2017.

[2] Haitao Liu, Irradiance and Temperature Dependence Characterization of Vacuum Glass BIPV Modules, Applied
Mechanics and Materials Mechanical Science and Engineering, 2014.
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__/
oumoor Moouie 51 =7 Eraunhofer

Responsible institution I S E
Fraunhofer Institute for Solar Energy
Systems (ISE)

Freiburg, Germany
www.ise.fraunhofer.de

7|8HA|E SIX]: Freiburg (5 ¥), Gran Canaria (2T 2l), Negev desert (O] A2tY)
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[1] Schill, C., Brachmann, S. & Koehl, M. Impact of soiling on IV-curves and efficiency of PV-modules. Solar Energy
112, 259-262 (2015).

[2] Koehl, M., Heck, M. Load evaluation of PV-modules for outdoor weathering under extreme climatic conditions.
4th European Weathering Symposium 2009, Budapest, Hungary, September 2009
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Responsible institution

Engie Laborel
123(?’(1)%131(212:15 - Belgium La I:I D r E I E E

www.laborelec.be

7|8HA|E SIX]: Linkebeek, 7|0l and Arica, 22l (Atacama desert)

27H:
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OUTDOOR MODULE TEST FACILI-
TIES

Responsible institution

Research Group Energy & Automation
(KU Leuven)
https://iiw.kuleuven.be/onderzoek/eena

7|48HA 2 2K Gent, 2 7|0f

OlHXx| & Xt=32t ﬁ:rl g2 Ao U 24 24E otLZt ZoN ZE=2| oHX|+=&
EdE240| ti5 Imec 1t EnergyVille 2f ®ESIHA 2008 HEH AMYAZE @loh EfYE 2ot
20 CHt E?% FSta QUL

SU 52 20| 1E B3 HOIES Gu & Sl 5SS W QHEGE 22 4Ol S42
AYetn 2ES £1 U 29 ZHS 150 1 Y LT MAtet #H 1 HUO| xp
N 2%, HAS 1V SO NS MPP EAE et ABSIO] 2851 AT, BE SHE 7|
A0 CO|Ej9} T 2oh5(1 Hy) ©2 XA E BlO|E|Q} X3S B}

e

[1] B. Herteleer, B. Huyck, F. Catthoor, J. Driesen and J. Cappelle, “Normalised Efficiency of Photovoltaic
Systems: Going beyond the Performance Ratio”, Solar Energy, vol. 157, pp. 408-418, 2017.

[2] B. Herteleer, B. Morel, B. Huyck, Cappelle, R. Appels, B. Lefevre, F. Catthoor and J. Driesen, “High Fre-
quency Outdoor Measurements of Photovoltaic Modules Using an Innovative Measurement Set-Up,”
in 29th EU PVSEC, Amsterdam, 2014.
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OUTDOOR MODULE TEST FA- "_i“ N R E
CILITIES (| )] I
Responsible institution »!"

National Renewable Energy Laboratory NATIONAL RENEWABLE ENERGY LABORATORY
15013 Denver West Parkway
Golden, CO 80401-3305

www.nrel.gov

7|5HAI D SIX: Golden, Colorado

27H:

NREL 2 1981 HEEH A 2= S AAEH =FoAMo| EfYH ZLIHZ, 240 DR Eojsta ULCE

DE0 AL MY 452 ARSI E YA AMEIZE I MY ot AlFHYBZ FOtL7| ofst
"ol AEZA MM Algstn, EfYE MBS 25817 Qs
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— O
fE=5le w28 ot QUCH 0jd, National Center for Photovoltaics (NCPV)E
2l A A "PV Reliability Workshop”S F|st1 QUCt AKX}

. | A0t 25 7|=0| g FFE FASCE o7(0l=
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O|At & Wt AlZH Ao M2 ZE £ 0| st 1SO 17025 AES E/sta ULk A% ds
AF0| E4sts HE FEO| CisiA= 1SO 9001 21780] E|0f RUCt Ef¥E & A[Z0= Outdoor Test
Facility (OTF), Solar Energy Research Facility (SERF) % Energy Systems Integration Facility (ESIF)O|
ZRE0f RACE NCPV ££9| OTF HAFALSE AEZ0|HE, 7t SUet |2 d2|n YEH™el Q|
ZHOM "ot 7|20t MEA HREE BYE 7|22 HAFSIL BIHeot
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40

o4

=

Q

nE

X:
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i
NEH MEME: YT SHEN FHlot AY WSS 221 72 AEAES 02 ¥32 T

&2t AEYO0|H, 2 HAEHE 2I4S HH. AXtds &2 https//www.nrel.gov/pv/device-
performance.ntml. 2&3t A|A" +=FOMO| Mz, O|HX[SE, EE2 PV reliability and Engineering

& https://www.nrel.gov/pv/reliability-engineering.html

HaEs:

[1] M. G. Deceglie, L. Micheli, M. Muller, "Quantifying Soiling Loss Directly from PV Yield" IEEE Journal of
Photovoltaics Vol. 8 (2), 2018 pp. 547-551.

[2] K.Jordan, M. Deceglie, C. Deline, D. Jordan, "Calculating PV Degradation Rates Using Open-Source Software,"
SolarPro Vol. 11(2), 2018

[3] D.Jordan, C. Deline, S. Kurtz, G. Kimball, M. Anderson, "Robust PV Degradation Methodology and Application,"
IEEE Journal of Photovoltaics Vol. 8(2), 2018 pp. 525-531.

[4] B. Marion and B. Smith, "Photovoltaic System Derived Data for Determining the Solar Resource and for Modeling
the Performance of Other Photovoltaic Systems," Solar Energy Vol. 147(1), 2017 pp. 349-357.

[5] B. Marion, "Numerical Method for Angle-of-Incidence Correction Factors for Diffuse Radiation Incident

Photovoltaic Modules," Solar Energy Vol. 147(1), 2017 pp. 344-348.
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SHORT PRESENTATION

OUTDOOR MODULE TEST FACILI- @ Sandia National Laboratories

TIES

Responsible institution
Sandia National Laboratories
https://pv.sandia.gov.

7|48HA 2 2K Albuquerque, New Mexico O|=

274:

MC|OF Ef-ZA|AE HIF 514 (Sandia’s Photovoltaic Systems Evaluation Laboratory: PSEL)2

1976 H2H EfYE A D0 A|AHS AFs] 210 QUCEH PSEL 2 WX ZE1F A|AHO| SLHQt

2o EMEMI M2l B ME3HE 0 2 2MH New Mexico Regional Test Center 2 PV

Lifetime Z2ME S Fa5t0 QUCE 50 71 0|&2 M2 CHE EfFE7|=S0| AT E7F S0
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DE $FO| MYEMAt DL HE AAHS Yetotc)

b

718X MEAL:

7 OO|AH Q| £X|0f 1Y BAIH 2p A|AH £FO| A8 - EH

o 27HO CHE 2-% EUAR 8710 RE(FHEs)E A0 5T = A= VHOIH E5
ANA”E 742 OFF AlEO| 7Hs % AFO|E HYX|

o 2HEHZ IS EfAE T 7|4 AH|O[M

o ZIAMNZE AXIE 29 Y A|M

o CQIHEQ| DC 2t AC AIO|EO|M A|AH Z30| X|&AQl R LHEE &

o TITOIM AIZt ZIt0 CHE RED AER |V 3N FHE X535 0|5H IV EB0|A

o S ZF A”H: Spire 4600 SLP E2i%| HIAH, Reltron EL 7 X, Dark IV, FLIR & 2]

E4EM, Atonometrics ZZEAF AH|O|M

Hngd.

[1] King, B. H., et al. (2016). Procedure to Determine Coefficients for the Sandia Array Performance Model
(SAPM). Albuguerque, NM, Sandia National Laboratories. SAND2016-5284.

[2] King, D. L., et al. (2004). Photovoltaic Array Performance Model. Albuquerque, NM, Sandia National
Laboratories. SAND2004-3535.
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SHORT PRESENTATION University of Applied Sciences and Arts
OUTDOOR MODULE TEST FACILITIES | of Southern Switzerland

Responsible institution

PVLab (SUPSI-ISAAC) S U PS I
6952 Canobbio — Switzerland

WWWw.supsi.ch/isaac

72X 1K Canobbio (Lugano) - Switzerland

270

1991 HEH AX 2HEEA SloMel BYHRE oHX|s+8 ZLHE D £40] SUPSI PVLab

i gEZo| oF FH0| EQUCH X2 $£Et2 AZ2YNY ZEO M2 £ Y MED
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[1] S. Dittmann et al.: Energy yield measurements at SUPSI - importance of data quality control and its
influence on kWh/Wp inter-comparisons, 26th EPVSEC, Hamburg, September 2011.

[2] G. Friesen et al., “A 4 year energy yield inter-comparison of thin-film modules: linking indoor to out-
door performance data”, 6th WCPEC, Kyoto 2014.
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OUTDOOR MODULE TEST A TﬂVRheinland‘E

FACILITIES Precisely Right.

Responsible institution:

TUV Rheinland Energy GmbH
Am Grauen Stein

51105 Cologne, Germany
www.tuv.com/solarenergy

7|8HA| D SIX: Cologne (5¢!), Tempe (Arizona 0|=}), Chennai (2| =), Thuwal
(AHE|OF2tH| OF)

270: TUV Rheinland & £ PV-KLIMA 7 ZZ2HMEO| AztoZ 0| A|HA|MES TSI
4709 A|AEI0| 2013EHEH 28 T A=, 4702 XK= Crdst 7|20 &8 QUCH Cologne
(5Y, 24 Cfb), Tempe (A]=, A2t Bwh), Chennai (21=, OFELHI Aw) Thuwal (AF<C|Of2tH|O},
AtEH Bwh). 2| A% Mo Al® ZE2| O|HX|+=8 d52 IEC 1853-1 1} IEC 61853-20] [}2t
SLHOIA FHTICH CHE O 22 MH|AE RS THCt,

- O =

Tepe (Ariza) ] Thuwal (Saudi Arabia)
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[1] M. Schweiger, W. Herrmann, A. Gerber, U. Rau: Understanding the Energy Yield of Photovoltaic Mod-
ules in Different Climates by Linear Performance Loss Analysis of the Module Performance Ratio, IET
Renewable Power Generation, doi: 10.1049/iet-rpg.2016.0682

[2] M. Schweiger, J. Bonilla, W. Herrmann, A. Gerber, U. Rau: Performance Stability of Photovoltaic Mod-
ules in Different Climates, Progress in Photovoltaics, 2017, DOI: 10.1002/pip.2904
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Responsible institution

PV Technology Laboratory
1678 Nicosia- Cyprus
www.pvtechnology.ucy.ac.c

%

7|9kAl D 21X Nicosia - AFO|ZZ2{ A

27H: 20050 2=l PV Technology Laboratory = AtO|Z2{A CHsto| & EXo|H /3 51}
AAE F=FO0IMO EfLE 782 A4 SUY & |2 7[BINHEE FEEO JUCE S A|lE2
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g Fx = Cfo| HER =elo ZXEA Itk = FHMe FHHoEZ It%
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IEC 61724 Of WMt AT =8
2 1 gelsoE HOEHE ME B

zoz Mal=Ect 1gn
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Ef A LB 95 &2, 1Y 8 2= =olsh| 28 FEE Al A28 0[H8E DC =8

dLb Arojel A HlmE o|otrt

HOES:

[1] G. Makrides, B. Zinsser, M. Schubert, and G. E. Georghiou, “Performance loss rate of twelve photovol-
taic technologies under field conditions using statistical techniques,” Sol. Energy, vol. 103, no. Octo-
ber 2016, pp. 28-42, 2014.

[2] A. Phinikarides, G. Makrides, and G. E. Georghiou, “Estimation of annual performance loss rates of
grid-connected photovoltaic systems using time series analysis and validation through indoor testing
at standard test conditions,” 42nd IEEE PVSC, pp. 1-5, 2015.
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W’

Responsible institution “//AA&%

Copernicus Institute of Sustainable

Development (Utrecht University) 1 1 1
Utrecht — the Netherlands Un versiteit UtreCht

www.uu.nl/copernicus

7[2EA A 1K Utrecht, | 2tE

27H:

2013 HEE 28 F2 Utrecht Photovoltaic Outdoor Test facility (UPOT)E LCHESH R
g8 ZEEEIY EfYBZES HA HSZW SHO|M ZEs= AI”A|EO|CE 2018 HOf
ANE2 4 50702 EAM0|=E BES A0 5HE = AZE =3E AO[Ch o A|dofl= HLY
=& ZAMNZEE BESAAE otLet &2t EMAHERITE LAEA Qb =it LAZFAQE ),
=24 +EUHY U IAMZE ZEE SATAE = oy MA o o] FHIE #F10 UL
BHYAdZsE 5P /E ZEEE v EYOoIMY 22 FFI &) =2 A7t Bdlsc=z
O|MECt XZHo=Z 7|4 HOIH7F HEEL, O2(1 360 = 7t 2t7t A[™HAIE =9 MK
A32| O|0|X|E & F3trt.

ALEI

7I1EH MEALE:

2E £ EKO instruments2| IV E2O|MZ O[HEICt =& Zo| 52 Ljubljana Ci3H0]
ot MER =72 s A0|Ch ZF ALO[0] 2&2 Femtogrid &3 %X 3}7|(power opti—
mizers)Ofl 2|5 MPPO| JX|ECE Z2F EFH, LYAMTA 7|d AHOM2 pCol AHZE

I_El_
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[1] W.G.J.H.M. Van Sark, Atse Louwen, Arjen C. de Waal, Boudewijn Elsinga, Ruud E.I. Schropp (2012),
UPOT: The Utrecht photovoltaic outdoor test facility, Proceedings of the 27" EUPVSEC, pp 3247-3249

[2] Louwen, A., de Waal, A. C., Schropp, R. E. ., Faaij, A. P. C., and van Sark, W. G. J. H. M. (2017) Compre-
hensive characterisation and analysis of PV module performance under real operating conditions.
Prog. Photovolt: Res. Appl., 25: 218-232. doi: 10.1002/pip.2848.
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253: 90 -

accredited

accuracy

air mass (AM)

albedo

amorphous silicon (a-Si)
angle of incidence (AQI)
average photon energy
azimuth

bankability

black surface

blueshift

calibration
characterization

clear sky

coloured module

combined standard uncertainty

combined uncertainty
correction

coverage factor
crystalline silicon (c-Si)
damp heat

daylight

dector

diffuse

direct normal irradiance (DNI)

elevation angle
energy yield
equivalent irradiance
error analysis

expanded uncertainty

external quantum efficiency (EQE)

failure

fill factor (FF)
gain

gigawatt (GW)

global horizontal irradiance

global irradiance (G)

global normal irradiance (GNI)

grating
height angle
heterojunction (HTJ)
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in plane

insolation

irradiance

irradiation

IV tracer

Key Performance Indicator (KPI)

leak current

linear performance loss analysis (LPLA)
linear regression

maximum power point (MPP)
mechanistic performance model (MPM)
metastability

metric

mounting rack

multicrystal silicon (mc-Si)
multi-junction

negative temperature coefficient (NTC)

nominal module operating temperature (NMOT)

off-sun

on-sun

open-circuit voltage
performance loss rates (PLR)
performance ratio (PR)
performance test conditions (PTC)
Plane of array (POA)
polychromator

potential induced degradation (PID)
power output

practices

preconditioning
pyranometer
pyrgeometer
pyrheliometer

quadrant

qualification test
quantity

radiation

radiometer

random error

raytracing

real-time data (RTD)
reference cell

regression analysis

relative uncertainty
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resistance temperature detector (RTD)

scheme

shading

shading limit angle

sky temperature

soiling

sorting

spectral irradiance
spectral mismatch (SMM)
spectral response (SR)
spectroradiometer
standard test ondition (STC)
sun hours

sweep speed
synchronization
systematic error
temperature coefficient
test facilities
thermofile

tolerances

traceability

tracker

transient

transposition
uncertainty

wet leakage

zenith angle

HA F9|: khdbs52@gmail.com
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