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What are the questions?

A What is the 20 year / 25 year energy yield?
A How certain is this figure?

A Which module type would be the best?
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Module & System Yield Calculation Steps
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Actual long term yield

Horizontal irradiation (history) e W
1

Horizontal irradiation (future)
Diffuse fraction & conversion into module plane

Partial shading (& inverter behavior) Shadow
Soiling losses ;f
Reflection losses 1R:f:ction
Spectral effects S
Product specifications vs. actual properties ?9:
Dependency on irradiance level i:perature
Dependency on temperature :}::atch
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DC + AC cable losses ?;;er
Inverter efficiency and limitations :ﬁ;irmg
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System degradation T4
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PV Module Energy Rating
Formulae

A DC Yield:

N .
Ypc = ZI.:IGPOAJ- Nste Amodule f;(AOIL, spectrum, T, module characteristics
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Formulae

A DC Yield:

N L
Ypc = ) . Groa,i st Amodule f:(AOI, spectrum, T, module characteristics

= Hpoa Nstc Amodute f aor1.f spectral Jfofr
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Formulae

A DC Yield:

N .
Ypc = leGPO A Nste Amodule f;(AOI, spectrum, T, module characteristics

= Hroa fstc Amodute f aor1.f spectral fofr

A Module Performance Ratio (MPR):

YDC ;nominal /
P

STC.nominal

Hror /1w

m2

M PR o minal = :fAOlfspectrul fG fT
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Formulae

A DC Yield:

N .
Ypc = ZEZIGPOAJ- Nste Amodule f;(AOIL, spectrum, T, module characteristics

= Hroa fstc Amodute f aor1.f spectral fofr

A Module Performance Ratio (MPR):

YDC ;nominal /
P

STC.nominal

Hror /1w

m2

M PR o minal = :fAOlfspectrul fG fT

ur=

n STC,measured
MPR = f AOI f spectral f G f T

WSTC,nominal
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PV Module Energy Rating
Uncertainties

A Module Performance Ratio (MPR):

_ .2 : 2 .2 .2
UMPRomina — \/ujAOl + ujspcctral + ujG T ujT

UMPR — \/u‘pSTﬂ,mcasur‘c‘,d2 —|_ uf}\(ﬁ}l2 —|_ uf s —|_ usz —|_ ufTZ

spectral
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According to IEC 61853

Photovoltaic (PV) module performance testing and energy rating
A Module measurements

I IEC 61835-1: Irradiance and temperature performance
measurements and power rating

I IEC 61835-2: Spectral responsivity, incidence angle and
module operating temperature measurements

A Meteorological data
I IEC 61835-4: Standard reference climatic profiles

A Performance prediction:
I IEC 61835-3: Energy Rating of PV Modules
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According to IEC 61853

Photovoltaic (PV) module performance testing and energy rating
A Module measurements

I IEC 61835-1: Irradiance and temperature performance
measurements and power rating

I IEC 61835-2: Spectral responsivity, incidence angle and
module operating temperature measurements
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According to IEC 61853

Photovoltaic (PV) module performance testing and energy rating
A Module measurements

IEC 61835-1: Irradiance and temperature performance
measurements and power rating

IEC 61835-2: Spectral responsivity, incidence angle and
module operating temperature measurements

A Meteorological data

MeteoNorm, SolarGlIS, ...

A Performance prediction

PVSyst, PV*SOL, Zenit, ...
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List of modules

o o o To Io Do Do I

ID

Al
A2
A3
Bl
B2
C1
C2
D

cell techn.

c-Si

c-Si

c-Si (high eff.)
CdTe

CdTe

CIGS

CIGS

a-Si

efficiency

14.7 %
16.3 %
17.1 %
10.3 %
12.2 %
11.9%
12.4 %
5.9 %

meas. I nom. eff.

11.6 %
+1.1 %
+0.0 %
11.3%
+1.1 %
+4.3 %
15.0%
16.7%
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A Set of Samples
Dependency on irradiance level
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Dependency on module temperature
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A Set of Samples
Spectral response
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List of sites
ID Site Hor. Irrad. Avg. Temperature
kWh/m?2 = (C
A 1 Norwich, UK 978 10.3
A 2 Breisach, Germany 1216 9.8
A 3 Rafah, Egypt 1876 20.7
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Uncertainty of Module Related Input Values
How t o obtain the nAnuo val ue

A Uncertainty of Module Performance Ratio (MPR):

_ 2 . 2 .2 2
uMPRnomina] T \/uf AOI + Uj spectral + uj G —I_ uf T

— 2 2 2 2 2
UMPR T \/UPSTC.measuncd + quOI —I_ ufspcctral —I_ ufG + ufT



Uncertainty of Module Related Input Values
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The Auo val ues

Al A2 A3 B1 B2 C1 C2 D
England
U a0 (%] 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Ut _spectral [%0] 09 0.9 1.0 1.4 1.4 1.0 1.0 1.8
s g [%] 0.7 0.7 0.7 1.4 1.4 1.4 1.4 0.7
U 1 [%] 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.0
UnpPR.nominal | %] 15 1.5 1.6 22 2.2 2.0 2.0 2.2
Umer [%] 19 1.9 2.0 3.0 3.0 27 2.7 2.6
Southemn Germany
a0 [%] 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Ut_spectral [%0] 09 0.9 1.0 1.4 1.4 1.0 1.0 1.8
U g [%] 06 0.6 0.6 1.1 1.1 1.1 1.1 0.6
U 7 (%] 0.2 0.3 0.2 0.1 0.1 0.1 0.3 0.1
UnmpPR.nominal | %] 15 1.5 1.5 2.0 2.0 1.8 1.8 2.1
Unpr %] 1.8 1.8 2.0 28 2.8 26 2.6 26
Egypt
U a0 [%] 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
U spoctral [%] 09 0.9 1.0 1.4 1.4 1.0 1.0 1.8
U g [%] 04 0.4 0.4 0.8 0.8 0.8 0.8 0.4
w1 [%] 0.8 0.8 0.6 0.4 0.4 0.4 0.8 0.4
UnpPR.nominal [ %] 16 1.6 1.6 1.9 1.9 1.7 1.8 2.1
Unpr %] 19 1.9 2.0 28 2.8 25 2.6 2.6

MPR, module performance ratio; DC, direct current; AOI, angle of incidence; POA, plane of array.

L{(
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Uncertainty of Module Related Input Values
Module power @ STC

Al A2 A3 B1 B2 C1 C2 D
England
a0 [%] 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
U _spectral (%] 0.9 0.9 1.0 1.4 1.4 1.0 1.0 1.8
s g [%] 0.7 0.7 0.7 1.4 1.4 1.4 1.4 0.7
1 (%] 0.1 0.1 0.0
UnpPR, nominal [%'] 15 1.5 2.2
Unser (%] o STC power measurement 26
Southem Germany \ uncertainties derived from research
pralnl o 101 on the uncertainty budget of 10
U spectral 70 . 3 )
g 1% 05 os | Fraunhofer ISE’s CalLab PV Modules | os
U 1 (%) 02 0.3 0.1
Untprpomina (9] 15 15 | (depends on cell technology) 2.1
Upner [%] 1.8 1.8 2.6
Egypt
U a0 [%] 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
U spoctral [%] 0.9 0.9 1.0 1.4 1.4 1.0 1.0 1.8
t g [%] 04 0.4 0.4 0.8 0.8 0.8 0.8 0.4
w1 [%] 0.8 0.8 0.6 0.4 0.4 0.4 0.8 0.4
UMPR nominal [ %] 16 1.6 1.6 1.9 1.9 1.7 1.8 2.1
Upnpr [%] 1.9 1.9 2.0 2.8 2.8 25 2.6 2.6

MPR, module performance ratio; DC, direct current; AOI, angle of incidence; POA, plane of array.
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Angle of incidence (AOI)

Al A2 A3 B1 B2 C1 C2 D
England
a0 [%] 1.0 1.0
Us spectral IO/U] 09 18
Uk g [O/DI 0.7 0.7
Us 7 [%] 0.1 0.0
UniPR nominal (%] 15 2.2
Uptpr [%] 19 . . 26

AOI effect uncertainty:

Southern Germany
ot [%] 1.0 1% everywhere 1.0
Ut spectral IO/O] 09 1.8
t g [%] 06 (further reserach necessary) 06
U 1 (%] 0.2 0.1
UntPR nominal (%] 15 2.1
Unter (%] 1.8 2.6
Egypt
a0l (%] 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
U spectral [%0] 09 0.9 1.0 1.4 1.4 1.0 1.0 1.8
t g [%] 04 0.4 0.4 0.8 0.8 0.8 0.8 0.4
w1 [%] 0.8 0.8 0.6 0.4 0.4 0.4 0.8 0.4
UpntPR nominal [O/DI 1.6 1.6 1.6 1.9 1.9 1.7 1.8 2.1

MPR, module performance ratio; DC, direct current; AOI, angle of incidence; POA, plane of array.



