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Introduction

19 years experience with BP Solar UK

Responsible for sizing programs, kWh/kWp studies, 
indoor+outdoor testing and modelling of crystalline 
modules  and thin film (a-Si and CdTe)

Published at international conferences since 2000

Left BP in Jan 2008 to form a PV consultancy SRCL

This paper follows 23rd PVSEC in Milan Sep 2007 
“4EP1.1 HOW WELL DO PV MODELLING 
ALGORITHMS REALLY PREDICT PERFORMANCE?” 
written while at BP Solar
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Simple Sizing program flow chart 
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Simple Sizing program flow chart 

Sequential calculations 
will depend on output 
accuracy from previous 
stages

Inaccuracies in 
calculations may self 
cancel giving an 
acceptable answer but 
with wrong assumptions
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Estimating uncertainties in 
kWh/kWp

kWh =(PR) * (YR) *(kWpACTUAL)
̶ ̶ ̶ ̶ ̶  ̶                            ̶ ̶ ̶ ̶ ̶  ̶  ̶ ̶ ̶ ̶ ̶  ̶  ̶ ̶ ̶ ̶ 
kWpNOM (kWpNOMINAL)

Gaussian uncertainties combine as

U2 = u1
2 + u2

2 + ... +un
2

Insolation kWh/m²
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kWh/kWp uncertainties

Different sites

PR Dirt, Downtime etc. 1%

YR Irradiance sensor
Yearly Insolation

2%
4%

kWp/ 
Nom-
inal

Ref. Module  Calib.
Module variability
Degradation

2%
2.5%
1%/y

Uncertainty ~6%
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kWh/kWp uncertainties

Different sites Side by side

PR Dirt, Downtime etc. 1% 0%

YR Irradiance sensor
Yearly Insolation

2%
4%

0%
0%

kWp/ 
Nom-
inal

Ref. Module  Calib.
Module variability
Degradation

2%
2.5%
1%/y

2%
2.5%
1%/y 

Uncertainty ~6% ~3%
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kWh/kWp uncertainties

Different sites Side by side

PR Dirt, Downtime  etc. 1% 0%

YR Irradiance sensor
Yearly Insolation

2%
4%

0%
0%

kWp/ 
Nom-
inal

Ref. Module  Calib.
Module variability
Degradation

2%
2.5%
1%/y

2%
2.5%
1%/y 

Uncertainty

PR range (nom 75%)

~6%

71–79%

~3%

73–77%
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ISET Germany 10minute measured
Hours and POA Insolation

Most time
cool + low light

Most insolation
hot + high light
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ISET Germany 10minute data
Insolation  and AC Yield

Most energy production 
on narrow band from 
cool/dull to warm/bright
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DC Energy Yield =
(Insolation(Gi)*Efficiency(Gi))
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DC Energy Yield =
(Insolation(Gi)*Efficiency(Gi))
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Modelled vs measured 
DC energy yield 

Modelled 
Insolation

Measured 
Insolation

Measured 
Efficiency 98.9

%
100
%

Modelled
Efficiency 97.0

%
98.4
%

*
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Modelling 
program
written  
to 
simulate  
losses vs 
climate



Modelling PV efficiency vs light level 
and Inverter efficiency vs %Pin
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PV losses vs climate
India, Australia and Germany

Germany
(lowest YR) 
most 
sensitive to 
low light 
and shunt 
resistance

India
(highest T) 
most 
sensitive to 
NOCT 
changes
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Inverter losses vs climate India, 
Australia and Germany

highest 
efficiency 
for this 
inverter at 
mid 
voltages, 
worst at 
high 
voltages, 
not very site 
specific.
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Inverter Efficiency 
can depend on Vmax

>0.3kW/m²
V falls ~0.4%/C

<0.2kW/m²
V falls rapidly

STC
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Empirical modelling – fitting 
Tmodule, Vmax and dc Yield
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Empirical modelling – validating 
Tmodule, Vmax and dc Yield

Validates 
performance 
without 
having to 
correct to 
STC
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Conclusions

Some DC and AC outdoor measurements can be very 
different from modelling algorithms

Sizing programs are essential to design systems not 
to have avoidable losses 

kWh predictions can’t be more precise than the input 
variable uncertainties

Empirical equations can characterise performance 
and validate the correct operation of arrays.

Errors in yield of several percent can be found from 
low light level and inverter voltage modelling



Thank you for your attention

Acknowledgements : ISET for dc data

This presentation paper and slides 
will soon be available at

http://www.steveransome.com
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Spare slides
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Reference days and points
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Inverter efficiency 
vs PIN and VIN

PIN depends on 
Irradiance

VIN depends 
on TMODULE
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mcSi Efficiency vs Irradiance
Diffuse and Direct radiation


