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Present status of this study …

• A comparison of 12 existing Empirical models showed a 
limitation in their accuracies fitting measured data (i.e. 
with scatter) due to some coefficients being unphysical 
[1,2,3]

• Therefore an optimised Mechanistic Performance Model 
(MPM) was proposed with only physical coefficients

• This study looks at yearly energy yield prediction 
uncertainties due to fitting data vs. added random noise

[1] 7th PVPMC Canobbio, [2]44th PVSC Washington [3]33rd PVSEC Amsterdam 
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How some models predict PV performance from GI and TMOD
(DC Performance Ratio PRDC = EffDC.MEAS/EffSTC or MPR)

EMPIRICAL or MECHANISTIC MODEL:

PRDC.PREDICT = SN CN*funcN(GI,TMOD…)

PREDICTED 
PERFORMANCE:

PRDC.PREDICT

Measurements

Optimise fit coefficients CN to minimise 
rms error using e.g. Python, Excel

WEATHER:
Irradiance GI

TMODULE

WindSpeed

ELECTRICAL:
PRDC.MEAS

Fit indoor 
IEC-61853-1 
matrix data
(NIST/CFV)

Irradiance

P
R

D
C


TMODULE

3-7 Fit Coefficients CN Weather functions

Fit 
outdoor  
data vs. 
time

Time

n
P

D
C

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How does PV performance depend on weather inputs?
Model only expected behaviour

1. IMAX  GI Module STC rating actual/nominal

2. PMAX  (1+γ*(TMOD-25)) … Power temperature coefficient “γ”

3. VMAX  log( GI ) From diode equation

4. ΔPMAX  IMAX
2 * RSERIES I2.RS loss

5. TMOD ~ TAMB – fn(Windspeed) NMOT Thermal rise

6. RSHUNT  1/exp(GI) (dependant on PV technology)

PRDC = 

C1 + C2*(TMOD-25) + C3*Log10(GI)+ C4*GI + C5*WS + (C6/GI) <MPM> 
PMAX.ACTUAL Temperature                Voc                   RSERIES NOCT          «RSHUNT»

MPM model has only “Meaningful, Orthogonal, Robust, 
Normalised” coefficients
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Comparing Empirical and Mechanistic models (61853-1 matrix)
(PRDC vs. Irradiance and TMODULE coloured lines)
Compare fits to raw model data vs. 2% rms added noise to mimic measured data

Mechanistic 
model

http://www.steveransome.com/
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Comparing Empirical and Mechanistic models (61853-1 matrix)
(PRDC vs. Irradiance and TMODULE coloured lines)

Empirical Models don’t fit “imperfect or noisy data” well

 [4] [5]
Variable 
temperature 
coefficient vs. 
irradiance 

 [1] [2] 
Poor extrapolation 
and 
interpolation 

All fit “Perfect” data

http://www.steveransome.com/
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Comparing model coefficients vs. technology  cSi aSi CdTe
[SUPSI data]

Empirical model  

No pattern to coefficients even though fits are 
reasonable and c-Si measurements were quite 
similar   

MPM Mechanistic model 

Sensible values of all coefficients = more robust

PMAX tolerance Realistic PMAX Temperature coefficient etc.

http://www.steveransome.com/
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How well can MPM fit IEC 61853-1 data?
Typical c-Si data from NIST/CFV has an rms error of 0.12%

indoor

Irradiance

P
R

D
C


TMODULE
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MPM can easily fit 3rd party indoor, outdoor and models
Data From Gantner, SUPSI, NIST, ASU, ESTI, TUV Rheinland, CFV, SAPM and PVSYST

models

outdoor
indoor

http://www.steveransome.com/
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Are all the model coefficients independent?
C1 + C2*dTMOD + C3*log(GI)+ C4*GI + ( C5*WS + (C6/GI)  )
PMAX.ACTUAL Gamma              Voc                    RSERIES NOCT               «RSHUNT»  

Voc
Rs Rshunt

25C

If we alter each coefficient 
individually -
all traces should change 
differently

These graphs do that so the  
MPM has unique fits and is 
robust

http://www.steveransome.com/
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Investigating energy yield

• How does the robustness and variability of a model fit 
affect its energy yield predictions?

• Consider fit variability at low and high light levels and 
temperatures with sites that are dull, bright, cold or hot.

http://www.steveransome.com/
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How do the model fits vary vs. TMOD and irradiance bins?

Empirical A Empirical D                          MPM

 Decline in 

accuracy as
irradiance falls

 Variable at low light

 Poor at 

Cold+Mid light levels

 Good almost everywhere

Only slightly worse at

 lowest light or 

 cold+mid light levels











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Insolation fraction vs.Irradiance and Module Temperature
varies for sites worldwide – Koeppen colours

*

http://www.steveransome.com/
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Insolation fraction vs.Irradiance and Module Temperature
varies for sites worldwide – Koeppen colours

*

POLAR, COLD CONTINENTAL 
Most insolation at
low light, low temperature

TROPICAL
Most insolation at
high light, high 
temperature

ARID
Most insolation at
very high light, 
very high 
temperature

TEMPERATE
Most insolation from 
cool+dull to 
warm+brightW
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Energy Yield predicted 
variability by site

• Polar to Arid

• Each site has rms error for  
1) Summer month 
(Jul or Jan)
2) Winter month 
(Jan or Jul)
3) Yearly Average
(All 12 months)

• The most robust model 
should have lowest rms 
error everywhere

http://www.steveransome.com/
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Conclusions

Existing empirical models
 Can’t repeatably fit imperfect data. They have unphysical coefficients. 

Mechanistic Performance Model (MPM) 
Much more robust and useful than empirical fit models

 Added to Gantner Instruments’ www.gantner-webportal.com SaaS platform

Energy yield predictions
Much less variability in EY from fitting errors for MPM 

MPM 0.25-0.29% vs. Empirical 0.33-0.56%

PRDC = 

C1 + C2*(TMOD-25) + C3*Log10(GI)+ C4*GI + C5*WS + (C6/GI)
PMAX.ACTUAL Temperature                Voc                   RSERIES NOCT          «RSHUNT»

http://www.steveransome.com/
https://www.gantner-environment.com/products/gantnerwebportal.html
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See Poster 7TuPo.225 
Quantifying and analysing the variability of PV module resistances RSC and ROC to understand  and optimise kWh/kWp 
modelling

Thank you for your attention!
• Please contact me to share your data steve@steveransome.com

http://www.steveransome.com/
https://www.gantner-environment.com/products/gantnerwebportal.html

