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Economic Impact of 
Measurement Uncertainty for Photovoltaics

Source of data: EPIA (European Photovoltaic Industry Association) 
and for 2015 according to IHS market research institute

• Financial uncertainty = Global annual installation × Price × Uncertainty
• 2012: Financial uncertainty = 30 GW/year × 1.7 €/W × 1 % = 500 M€/year

⇒ A measurement uncertainty of 1% leads to a financial uncertainty of 500 M€/year
⇒ High demand for high accuracy solar cell calibrations and realistic standards

Solar parks are financed from banks, who add the financial uncertainty arising from 
measurement uncertainty to the total amount to be financed. A low uncertainty leads to 
competitive advantage. 

Source of data: www.solarwirtschaft.de/preisindex
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Standard Test Conditions

• Reference solar spectrum AM1,5

• Irradiance ESTC = 1000 W/m²

• Cell-Temperature (25°C)

• Angular distribution 
- Important, but not defined
- Effect about 10% for cloudy conditions

The STC describes Peak-Power conditions.



Description of AMx

Mean value of 
49° (latitude border between USA and Canada) and 
25° (latitude of south end of Florida)

Why 37°
instead of 48.2°? 



Standard Test Conditions

• Reference solar spectrum AM1,5
Will be reached only up to two times a day. 
In the evening the spectrum is more red, during 
noon and at cloudy days the spectrum is more blue.

• Irradiance ESTC = 1000 W/m²
Only during summer time reachable

• Cell-Temperature (25°C): 
- Perfect for tests with a flasher during production, 
- Unrealistic for real world application

• Angular distribution important, but not defined



Further reasons for a new metric

o € 50 billion annual market for PV, with strong future growth 

o Sales currently based on "watts-peak" for conditions that are 
never achieved in operation, while the most important 
parameter for  investors is energy yield

o Financial success of installations depends on energy 
generation rather than power values and there are cases 
that lower efficiency devices produce more energy

o Focus on "watts-peak" can distort R&D efforts

o Currently available metrology does not enable (judicial) 
expert assessors to clarify defects within the scope of 
warranty.



Consortium of PhotoClass

Funded Partners
(NMI, EU):

Unfunded Partners
(Industry):

REGs 
(Universities, 
Research Institutes)



Structure of PhotoClass



WP1: Modelling

Develop an Energy based metric for 
photovoltaic

• Use Energy Rating approach
instead of Maximum Power
approach 

• Define the mean value of each 
hour of one year for the outdoor 
ambient conditions 

• Calculate the 
– Energy yield output for one year 

(kWh)
– Specific module energy rating 

(kWh/kWp)
– Climatic specific energy rating 

(dimensionless) 
• Calculate the uncertainty
• Standard and geospatial climatic 

datasets



WP2: Reference devices

• Definition of required 
specs and selection of 
reference devices

• Development and 
optimization of new 
reference devices

• Validation of various 
improved calibration / 
characterization methods: 
Comparison ongoing

Good News Story:

New Reference devices of Fraunhofer ISE are commercially 
available. Within the WP 2 new reference devices are developed. 
The aim of this work package is to develop new PV reference 
devices that exhibit device stability of better than 0.1 %, and 
provide a wider coverage of operating spectral range and linearity. 
Additional filtering is used to match the spectral response to 
various cell technologies. A set of new cell technologies based on n-
type silicon cells are selected to be used. The WPVS housing was 
improved regarding manufacturing, with additional options for 
shunted outdoor cells for quality assurance. Additionally the 
thermal conduction of the cell in the WPVS housing was improved. 
All this improvements are included in the available version of the 
WPVS reference elements.



Metrological background

,NormPhotocurrent: ( )  d( )E sI λ λλ λ= ⋅∫

Reference solar spectrum AM1.5 
according to IEC 60904-3:2008 

Spectral responsivity of 
different solar cells
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WP3: Detector characterization

𝐼𝐼(𝑇𝑇,𝐸𝐸) = �𝑠𝑠 𝜆𝜆,𝐸𝐸,𝑇𝑇,Ω � 𝐸𝐸𝜆𝜆(𝜆𝜆, Ω) d𝜆𝜆 𝑑𝑑Ω

Task 1: New techniques:

Task 2: Linearity Task 3: Temperature Task 4: Angular dependence
  p  p  ( , ( ))  

400 600 800 1000 1200
Wellenlänge, λ in nm

0,00

0,05

0,10

0,15

0,20

0,25

~ s a
bs

 in
 

m
A

 W
 / 

m
²

0%
1%
2%
3%
4%
5%

re
l. 

Un
sic

he
rh

eit
k=

2

: I = 0 mA  0
: I = 0,5 mA  20
: I = 2,4 mA  22
: I = 16,5 mA  24
: I = 40,4 mA  25
: I = 79,8 mA  26
: I = 107,9 mA  27
: I = 158,6 mA  28
: Ableitung

0,01 0,1 1 10 100
I in mA

0,1 1 10 100 1000
E in W / m²

146,5

147,0

147,5

148,0

148,5

s i
n 

m
A

 1
00

0 
W

 / 
m

²

-0,7%
-0,6%
-0,5%
-0,4%
-0,3%
-0,2%
-0,1%
0,0%
0,1%
0,2%
0,3%
0,4%
0,5%
0,6%
0,7%
0,8%
0,9%

• Compressed sensing method (NPL) 
• Polychromatic method (REG(LU)) 

• Wavelength traceability via FTS (PTB) 
• Supercontinuum Laser SR-facility (VSL) 

Climate chambers Solar cell chuck indoor outdoor
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WP4: Source characterisation

• Characterization of the solar 
spectrum, 
Spectral Sky Scanning

• Spectral characterization of 
pulsed solar simulators

• Characterization of LED based 
solar simulator ongoing

• Simultaneous uniformimeter
based on photodiode array 
ongoing

• Uncertainty of spectral 
measurements



WP5: Impact

o Draft standard is submitted to IEC / CENELEC
• All important players are involved to enable success

o Better criterion for selecting products and for optimising 
innovative concepts

o Global leadership of European PV metrology strengthened
o Extended and improved calibration capacity speeds up 

certification of European PV products
o The results enables expert assessors to decide with the needed 

precision
o Support implementation of EU Renewables Directive

http://photoclass.ptb.de 



IEC 61853 Part 3

Provides formulas for 
Energy rating:

• In-plane global irradiance 
corrected for angular incidence 
effects

• Spectrally corrected global in-
plane irradiance

• Calculation of module 
temperature, depending on 
irradiance, ambient 
temperature and wind speed



IEC 61853 Part 4

Altogether: 24x365 = 8760 lines and 39 columns

Starting with one standard reference climatic profile



IEC 61853 Part 4

T. Huld et al: „Photovoltaic Energy Rating Data sets for Europe “ in Solar Energy

Map of difference in MPR between CdTe and c-Si modules, given in percentage points.



Outlook 1 (PVEnerate)

• More detailed look at spectral and angular 
dependent radiance of sky and their effect on energy 
rating

• Simultaneous hyperspectral sky measurement 
instead of sky scanning

• Comparison with satellite data and extrapolation to 
historical data



Outlook 3 (PVEnerate)

Hot topic at standardisation meetings of IEC:
• Metrological assessment of bifacial solar modules
• Open questions:

– How to define and to measure the bifacial gain and bifaciality
– How much does it depend on module properties and how much 

on installation conditions
– How to measure STC power, 

e.g. from one side in production and from two side in 
laboratory, what are the effects

– How much does the yield depend on: STC power, module 
properties, tilt angle, height, albedo, mounting structure, 
surrounding of the module (stand alone module, solar park)

• BIPV Questions



Outlook 4 (PVEnerate)

Hot topic at standardisation meetings of IEC:
• Metrological assessment of bifacial solar modules
• Two new standards needed:

– Standard test conditions (STC): e.g. IEC 60904-1-2
– Energy rating, e.g. IEC 61853-5
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