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Normalise measurements and modelling!
Normalised = Measured / Reference STC values

ÅModelling from 1cm2 samples through cells, modules, strings and large arrays can be 
performed far easier if data is normalised 

Raw Measured data  Measurement Stage Normalised data 

meas_Imp[A] meas_Vmp[V] meas_Pmp[W] norm_Imp[%] norm_Vmp[%] PRdc [%]

Ref module STC Ą 8.23 A 30.4 V 250 W

0.034 A 0.51 V 0.017 W 1 cm2 sample 100% 100% 100%

8.23 A 0.51 V 4.20 W 1 cell ~ 156x156 mm = 243 cm2 100% 100% 100%

8.23 A 30.4 V 250.2 W 1 module = 60 cells 100% 100% 100%

8.23 A 729.6 V 6004. W 1 string = 24 modules 100% 100% 100%

57.6 A 729.6 V 42025. W 1 combiner box = 7 strings 100% 100% 100%

Measured values vary by 
>3 orders of magnitude

Normalised  values should be near 
100%. Errors and/or  degradation 
are easily spotted 

http://www.steveransome.com/
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Å1) Modelling of PV performance from IV curves

http://www.steveransome.com/
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Overview of The Loss Factors Model (LFM)
E.gStein et al 28th PVSEC Paris 2013 for comparison with 1-diode and SAPM

5

ÅThe[ƻǎǎ CŀŎǘƻǊǎ aƻŘŜƭ ά[Caέprovides a  powerful  analysis of indoor or outdoor 

IV curves 

PRDC= nISC*nRSC* nIMP * nVMP * nROC* nVOC

ÅTwo other parameters nICand nVCshow the deviation from expected I@VMP/2 and 

V@IMP/2 and give measured values indicating amounts of cell current mismatch 

and roll over respectively

Characterise 
a module vs. 
GI, Tmod 
etc.

Predict 
performance 
vs. time and 
weather

LFM can easily find 
any discrepancies, 
degradation, poor 
measurements etc

Old naming convention but same approach used

LFM first developed in 2011 at 26th EU PVSEC
http://www.steveransome.com/pubs/2011Hamburg_4AV2_41.pdf

http://www.steveransome.com/
http://www.steveransome.com/pubs/2011Hamburg_4AV2_41.pdf
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Calculating PRDC from the Loss Factors Model (LFM) Latest naming convention
PRDC = [Pmax at Point ] / [Pmax at Point ]

The LFM extracts normalised, 
orthogonal losses from IV curves
ISC

RSC(~ Rshunt) 
ffi (Fill Factor Current dependence) 
ffv (Fill Factor Voltage dependence) 
ROC(~ Rseries) 
VOC(Temperature corrected)
T-corr Temperature losses

Also quantifies current mismatch 
and rollover

http://www.steveransome.com/
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Typical MeasuredIV vs. NormalisedLFM parameters
Absolute values depend on module technology, cell numbers, module area, series strings etc.

#11 Thin film vs. irradiance
Measured(log) 

Yaxis>5 orders of magnitude

#11 Thin film vs. irradiance 
Normalised(linear) 

Yaxisjust 0.7 to 1.1

KEY 
Isc
Rsc
Imp
Vmp
Roc
Voc_tcorr

Irrad kW/m²
Tmod C/100
TambC/100

10 000

0.1

KEY 
Isc
Rsc
FFi
FFv
Roc
Voc_tcorr

Irrad kW/m²
Tmod C/100
TambC/100

1.05

0.7

Normalised data 
gives far better 
understanding of 
performance

http://www.steveransome.com/
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LFM vs. irradiance identify performance limits and changes

Irradiance GI (kW/m2ύҦ

The shape of PRDCvs. 
irradiance is mainly 
determined by drops in 3 
coefficients

RSCat low lightҬ
VOCat low lightҬ

ROCat high lightҫ

ҬVOC_TCORR 

ҬRSC~ RSHUNT 

ROC~ RSERIESҫ

a
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Ҧ

PRdc θ 1/FF_ref* norm[(isc* rsc* ffi ) * (ffv * roc * voc_Tcorr* t_corr)] 

Rsc
Ffi
Ffv
Roc
Voc-Tcorr

Irrad kW/m²
Tmod C/100
TambC/100

Hysteresis on shows Roc temperature dependency am to pm

PRDCҧ ǾǎΦ DҦ 
and T(colour)

http://www.steveransome.com/
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5 independent values are needed to characterise 
PV Efficiency vs. Irradiance and Tmodule curves 

2) Temperature

3) Low LightҬ
VOC, RSHUNT

5) NOCT/ 
NMOT

4) High lightҫ
I2.RSERIES

1. Pmax Tolerance at STC
=PMAX/PMAX.NOM @ 25C, 
1000W/m2

2. Thermal Pmax coefficient (ɹ)
=1/PMAX*dPMAX/dTMOD%/K 

3. Low light loss LLEC 
(~VOC, RSHUNT)
=PRDC.200 / PRDC.1000 W/m^2

4. High light loss (~RSERIES)
= IMAX

2.RSERIES

5. Temperature rise 
(~NOCT or NMOT)
thermal rise above ambient

(Not shown : ISClosses from AOI 
reflectivity, Spectral Response and 
soiling.

Note temperatures are not linear)

1) PMAX

Tolerance

ҧPRDCҧPRDC

TMODULE

[C] Ć
TMODULE

[C] Ć

GI Irradiance [kW/m2] ĄGI Irradiance [kW/m2] Ą

http://www.steveransome.com/
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A mechanistic performance model(MPM) for PRDC
How does PV performance depend on weather inputs?

1. IMAX´GI Module STC rating actual/nominal

2. PMAX (́1+ɹ *(TMOD-нрύύ ΧPower temperature coefficient

3. VMAX´Log10( GI ) From diode equation

4. ɲPMAX ÍMAX
2 * RSERIES I2.RS loss

5. TMOD ~ TAMBςfn(Windspeed) NOCT/NMOT Thermal rise

6. RSHUNT́ ? άƭƻƻƪǎ ǎƛƳƛƭŀǊ ǘƻ ±OCƭƻǿ ƭƛƎƘǘ ŘǊƻǇέ 

7. ? 2nd Order non-linear effects if needed (some thin film)

PRDC = C1 + C2*( TMOD- 25) + C3*Log 10( GI )+ C4* GI + C5* WS + C6/ GI + «?2nd_order»

PMAX.ACTUAL Tolerance          Temperature               Voc and Rshunt           R SERIES NOCT Other low light  2nd order effects

C3 models both VOCand RSHUNT

Mechanistic model  = 
(Meaningful, 
Orthogonal, 
Robust and  
Normalised) 
coefficients

Also allow some 2nd order 
non-linear coefficients if needed

http://www.steveransome.com/
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!ƭƭ ƳŜŀǎǳǊŜƳŜƴǘ Řŀǘŀ ƛǎ ŦǊƻƳ DŀƴǘƴŜǊ LƴǎǘǊǳƳŜƴǘǎΩ h¢C {ƻƭǳǘƛƻƴǎ ¢ŜƳǇŜΣ !½
Further info in published paper,  otf@gantner-instruments.com or email authors

PV Module Measurements:
Fixed and 2D track; IV curve every minute, all environmental sensors, spectral parameters
PV Module Power up to 500W/800W 
High quality digitalization, current accuracy 0.1% FS, voltage: 0.05% FS
Scalable system (4 .. 48 channels) with raw data access 
Local or cloud-based data streaming
Derived parameters using Loss Factors and Mechanistic Performance Models
Integrated Python JupyterLab for direct analysis and automatic reporting

Continuous measurements in Arizona since 2010; Other sites available around the world

Trusted by leading PV Module manufacturers, Technology providers and Research Labs

2D Tracker Sensors

CdTe, CIGS, aSietc.
Fixed orientation 25deg, South

cSi, HIT

http://www.Gantner -instruments.com/

Avoid shading,
Low HorizonҨ

http://www.steveransome.com/
mailto:otf@gantner-instruments.com


www.steveransome.com6-Jul-21 12

Example
OTF 8 Channel IV Scan Outdoor

12

IV Scan: 

Å 8 Channels, 4wire

Environment: 

Å Irradiance: tilted, horizontal, albedo, 3 spare

Å Temperature: 16x PV Module, 1x Cabinet

Å Wind speed, direction; Rel. Humidity; Air pressure

Location: 

UAE, China (Gobi Desert), California, USA

Cooling: 

Active, 20000 BTU

http://www.Gantner -instruments.com/

http://www.steveransome.com/
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Å2) Characterising PV module performance with matrix methods (IEC 
61853) using high quality outdoor measurements 

http://www.steveransome.com/
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Measuring matrices of PRDC(G,T)

(A) INDOOR (IEC 61853:2011-2018)

Specifies 23 points ςcould reduce costs with fewer e.g.6
Ą Gives worsemodelling accuracy 
Ą Poorer fitting with inter/extrapolation from only 6 points.
Ą No understanding of non linearities

COSTS : 
LƴŘƻƻǊ aŀǘǊƛȄ Ϥ Ϸнуллκϵнолл Ҍ Ϸтллκϵрул ŦƻǊ !hL

(A) INDOOR (IEC 61853:2011-2018)

Specifies 23 points ςcould reduce costs with fewer e.g.6
Ą Gives worsemodelling accuracy 
Ą Poorer fitting with inter/extrapolation from only 6 points.
Ą No understanding of non linearities

COSTS : 
LƴŘƻƻǊ aŀǘǊƛȄ Ϥ Ϸнуллκϵнолл Ҍ Ϸтллκϵрул ŦƻǊ !hL

(B) OUTDOOR (GI OTF, Tempe AZ)

From IV curves or PMPPwith real weather
Ą 260k measurements/year (if every 1m)
Ą Needs data sanitizing and filtering
Ą Can give ~100 matrix points (G=100W/m2,T=5C bins) 
Ą Better analysis possible e.g.any non linearities

COSTS: 
Outdoor /module  $1000/6 months with spectral, AOI 

(B) OUTDOOR (GI OTF, Tempe AZ)

From IV curves or PMPPwith real weather
Ą 260k measurements/year (if every 1m)
Ą Needs data sanitizing and filtering
Ą Can give ~100 matrix points (G=100W/m2,T=5C bins) 
Ą Better analysis possible e.g.any non linearities

COSTS: 
Outdoor /module  $1000/6 months with spectral, AOI 

(2) Example  good 
raw points 1 year 
(2) Example  good 
raw points 1 year 

PRDC= PMP_MEAS/PMP_REF/GSUNSPRDC= PMP_MEAS/PMP_REF/GSUNS

(3) Derive (G,T) 
~100 bins
(3) Derive (G,T) 
~100 bins

(1) IEC 61853
23 point(G,T) Matrix

(1) IEC 61853
23 point(G,T) Matrix

PRDC

Raw data Derived Matrix

Temperature 
Coefficients 
up to 4 
T values Ү

PRDCvs. 
irradiance
Up to 5 
G values ҭ

Outdoor measurements :

1. Cheaper than indoor ?

2. More matrix bins better 
for coefficient extraction

3. Quick results with 
insulation/heating, mesh 
cover, 2D mistrack

http://www.steveransome.com/
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How to generate dense performance matrices from good outdoor data 1/3

A) Raw PRDC(G,T)

Good points 1 year 
random 4000 shown

T M
O

D
[C

] Ą

PRDCmax PRDCmax 

PRDCmin PRDCmin 

Irradiance GTI [W/m 2] Ą

PRDC_MEAS

ΨƻǳǘƭƛŜǊΩ

ΨōŀŘ ǇƻƛƴǘΩ

How to generate dense 
matrix points?
How to generate dense 
matrix points?

http://www.steveransome.com/
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How to generate dense performance matrices from good outdoor data 2/3

A) Raw PRDC(G,T) B) Filter into (G,T) bins

Good points 1 year 
random 4000 shown

Filter by steady weather,  
Sanity check e.g.3sigma,
Group into (G,T) bins

T M
O

D
[C

] Ą

Uniform colour bins prove  
good non-scattered data 
Uniform colour bins prove  
good non-scattered data 

Irradiance GTI [W/m 2] Ą

PRDC_MEAS

http://www.steveransome.com/
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How to generate dense performance matrices from good outdoor data 3/3

A) Raw PRDC(G,T) B) Filter into (G,T) bins C) Average, sum per (G,T) bin

Good points 1 year 
random 4000 shown

Filter by steady weather,  
Sanity check e.g.3sigma,
Group into (G,T) bins

Colour = Avg(PRDC) /bin
Area = S(H kWh/m2) /bin

T M
O

D
[C

] Ą

Irradiance GTI [W/m 2] Ą
Generated accurate 
dense measurement 
matrix with ~100 useful 
points

Generated accurate 
dense measurement 
matrix with ~100 useful 
points

Useful standard graph format to be 
used often showing 
Performance (colour), Insolation 
όŀǊŜŀύ ǾǎΦ LǊǊŀŘƛŀƴŎŜҦ ŀƴŘ 
¢ƳƻŘǳƭŜҧ ōƛƴǎ

Useful standard graph format to be 
used often showing 
Performance (colour), Insolation 
όŀǊŜŀύ ǾǎΦ LǊǊŀŘƛŀƴŎŜҦ ŀƴŘ 
¢ƳƻŘǳƭŜҧ ōƛƴǎ

Standard Graph PRDC_MEAS

http://www.steveransome.com/
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ΨtwDCǾǎΦ ƛǊǊŀŘƛŀƴŎŜΩfrom outdoor matrix

Irradiance GTI [W/m 2] Ą

Smooth plots can be generated from good 
quality outdoor measurements which  allow 
accurate characterisation

Smooth plots can be generated from good 
quality outdoor measurements which  allow 
accurate characterisation

Irradiance GTI [W/m 2] Ą

T M
O

D
[C

] Ą

P
R D

C
Ą TMOD [C]PRDC

Logarithmic fall 
@ low light
Logarithmic fall 
@ low light

Linear drop @ 
high  light
Linear drop @ 
high  light

Standard Graph

(A) 60C

(B) 30C

Small scatter only at 
extreme weather?
Small scatter only at 
extreme weather?

How does PRDC

vary with 
irradiance?

How does PRDC

vary with 
irradiance?

http://www.steveransome.com/
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ΨtwDCǾǎΦ ¢ŜƳǇŜǊŀǘǳǊŜΩ ŦǊƻƳ ƻǳǘŘƻƻǊ ƳŀǘǊƛȄ

T
M

O
D

[C
] Ą

T M
O

D
[C

] Ą

P
R D

C
_
S

E
L
F

R
E

F
  

[%
] Ą

(ɹG,T) =
dPRDC(G,T)
dTMOD

(ɹG,T) =
dPRDC(G,T)
dTMOD

(ɹG,T) 
[%/K]GTI [W/m 2]

Datasheets usually report 1 constant gamma value
This plot will quantify any non-linear behaviour
Datasheets usually report 1 constant gamma value
This plot will quantify any non-linear behaviour

PRDC

Standard Graph Slope = Gamma(G,T)
Heatmap ~100 points
Slope = Gamma(G,T)
Heatmap ~100 points

Irradiance GTI [W/m 2] Ą TMOD [C] Ą Irradiance GTI [W/m 2] Ą

How does PRDC

vary with 
temperature?

How does PRDC

vary with 
temperature?

(A) 1000W/m2

(B) 200W/m2

http://www.steveransome.com/
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1st Pass : Fitting performance matrices with a linear model(mpm6 )

def mpm_6(G, dT, WS) = (   
c_1 +                  # constant 
c_2 * dT+             # temp. coeff
c_3 * log10(G) +  # low light ~Voc, Rshunt
c_4 * G+               # high light ~Rseries
c_5 * WS+            # windspeed ~0
c_6 / G                   # c_6 <= 0 low light

)

def mpm_6(G, dT, WS) = (   
c_1 +                  # constant 
c_2 * dT+             # temp. coeff
c_3 * log10(G) +  # low light ~Voc, Rshunt
c_4 * G+               # high light ~Rseries
c_5 * WS+            # windspeed ~0
c_6 / G                   # c_6 <= 0 low light

)
PRDC

80%to 100%
< ±0.2% 

fit/bin

< ±0.2% 

fit/bin

PRDC_MEASPRDC_MEAS PRDC_FITPRDC_FIT

MPM6 FITMPM6 FIT

PRDC_RESIDUAL

MPM6 is a linear model : 
(each coefficient is only a function of G, Tor WS)
G= irradiance [kW/m2] ; 
dT= delta temperature (Tmod ς25) [C] ; 
WS = windspeed [ms-1]

PRDC_RESIDUALPRDC_RESIDUAL

T M
O

D
[C

] Ą

Can weight
by insolation
for more
realistic
results

Standard Graph

http://www.steveransome.com/
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Typical outdoorlinear model residual fit error PRDC(MEAS-FIT)four technologies

Irradiance GTI [W/m 2] Ą

M81 CIGS
<±0.5%

T M
O

D
[C

] Ą

PRDC_RESIDUAL

-1%to +1%

M72 CdTe
<±0.3%

M31 HIT
<±0.2%

M78 cSi
<±0.2%

cSi, HIT, CdTe : 
Fit very well (because they are linear) 

cSi, HIT, CdTe : 
Fit very well (because they are linear) 

This CIGS module has a <±0.5% 
Monotonic residual error between
high ҭ low temperature indicating a Non-linearity 
(as expected from the gamma heatmap) 

This CIGS module has a <±0.5% 
Monotonic residual error between
high ҭ low temperature indicating a Non-linearity 
(as expected from the gamma heatmap) 

Ҫ
ҫ

Standard Graph

http://www.steveransome.com/
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Which LFM parameter(s) causenon-linearity #1 ?

(1)         PRDC =[    nRSC      ³ nVOC     ³ nROC ³nI SC ³nFFI ³nFFV ]

(2) Correlating shapes of colours Ψ/ŀǳǎŜΩ twDC

behaviour

T
m

o
d

u
le

 [
C

] Ą

Irradiance GTI [W/m 2] Ą
No correlationNo correlation PRDC_RESIDUAL

-1%to +1%

Little 
correlation
Little 
correlation

Can find cause of any 
non-linearity from 

pattern matching PRDC

with LFM fits

Can find cause of any 
non-linearity from 

pattern matching PRDC

with LFM fits

Standard Graph

Dependency                           ~ Rshunt                                   ~ Voc                                        ~ Reseies ~ constant        ~  constant        ~ constant

Correlation !Correlation !

(3) Cause found : 
Atypical RSERIES~TMOD

Only at High LIght

RSERIES

http://www.steveransome.com/
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Å3) Stacked loss charts of performance

http://www.steveransome.com/
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LFM losses causing measured behaviour from 1/FF Ą PRDC   .

PRDC

S
u

m
 L

o
sse

s

1/FFref

7 different LFM 
losses cause drop 
from 1/FF to PRDC

όм ŎƭŜŀǊ Řŀȅύ ¢ƛƳŜ ƻŦ ŘŀȅҦ

KEY 
Isc
Rsc
Ffi
Ffv
Roc
Voc-T
T-corr

Irrad kW/m²
Tmod C/100
TambC/100

a
[
C
a
 
t
Ŝ
Ǌ
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ƻ
Ǌ
Ƴ
ŀ
ƴ
Ŏ
Ŝ
 
±
ŀ
ƭ
ǳ
Ŝ
 
ό
҈
ύ
Ҧ

GiĄ

Tmod/100Ą
PRDC vs, time 

FF~0.6

FF~0.7

FF~0.8

Lossless 
performance 
starts at 
1/FF.

Heights are 
shown for FF 
0.6 to 0.8

AOI
Spectral

TMOD

http://www.steveransome.com/
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L
o
sse

s  Ą

Stacked loss graphs identify causes and rates of any long-term degradation ς
Gantner 2010-2017+(self referenced Isc)  Unstable

1/FF -
ҨRsc
Ҩ FFi
Ҩ FFv
Ҩ Roc
Ҩ Voc
Ҩ Tmod
= PRdc

1/FF -
ҨRsc
Ҩ FFi
Ҩ FFv
Ҩ Roc
Ҩ Voc
Ҩ Tmod
= PRdc

2010  2011 2012  2013 2014  2015  2016  2017

PRdc θ 1/FF_refςstacked_loss[(isc+ rsc+ ffi ) + 
( ffv + roc + voc_Tcorr+ t_mod)]        <5>

(2) Roc loss worsens
with time

(1) Rsc loss worsens
with time

Rsc falls faster at
low light level

Roc falls same rate
At all light levels

http://www.steveransome.com/
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Å4) Predicting Energy Yield vs. Climate worldwide

http://www.steveransome.com/
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Some 24 modelling ǎǘŜǇǎ ƴŜŜŘŜŘ ŦƻǊ 9ƴŜǊƎȅ ¸ƛŜƭŘ Χ όǎŜŜ ŀƭǎƻ pvpmcfor more definitions)
Step Comment

Site
Defin-
itions

Site Location Latitude, Longitude, Altitude, TimeZone
Array orientation(s) Tilt,Azimuthor Tracking (Fixed tilt vs. Tracking 1D or 2D, limits, backtrack)
Array Shading ς3D model? Self (by other rows); near (e.g.chimneys); horizon (e.g.mountains)
SENSORS Pyranometer/Reference cell; Temperature; Wind speed, RH, Spectrum etc.

Met
Data

Weather hourly series Global horizontal irradiance, Tambient, Wind Speed and variability /year

Snow Depth, frequency distribution. (Note will melt and fall off)
Soiling Dust increase/dry day (~0.1-0.25%/d?); cleaning; rain event washing

Calcu-
lations

Solar angle of incidence (AOI) (reflectance losses increases with clear sky and high AOI).
Solar spectrum APE or Blue fraction (from Solar altitude and clearness index)
Module Temperature From Irradiance, Tambient, Windspeed and NOCT
Tilted plane irradiance Gi from Gh, Dh, Rh Needs ground albedo, extra calcs for Bifacial?

PV
Perfor-
mance

Initial Wp nominal/nameplate [L5Σ άƳŀǊƪŜǘƛƴƎ ǘƻƭŜǊŀƴŎŜέΣ ŘƛǎǘǊƛōǳǘƛƻƴ ǿƛǘƘƛƴ ōƛƴǎ
Degradation/LID/Astability Yearly steady decline/sudden decline/variability
PV vs. Angle of Incidence AOI Anti reflection coating, glass or cell texturing 
PV vs Spectral response SR AM<>1.5 (Usually smaller effect for c-Si than Thin Film and Multi Junctions)
PV Efficiency vs. Tmodule NOCT/NMOT; mounting (distance from roof); wind, dPmax/dT Gamma
PV Efficiency vs. Irradiance Low light drop (Rshuntand Voc); High light drop from module I².RSERIES

DC loss
Module mismatch strings Current in string can be dominated by lowest Imp
dc wiring loss DC Cabling loss ~ I².RSERIES

LƴǾŜǊǘŜǊ ά²ŀƪŜ ǳǇέ Turn on at low Pin or Vin

AC loss

Max power point tracking find I=fn(V)  when V<>VMP

Inverter efficiency Inv.eff = f(PIN, VIN, TINV) maybe multi stages to improve low light eff. Tare
Inverter Clipping (e.g.POUTwhen PPV> PINV.MAX)
Transformer efficiency Transf.eff= f(PIN, VIN, TINV)
ac wiring DC CablingI².RSERIES

http://www.steveransome.com/
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REFLECTIVITY vs. AOI

Compare with 
Riedel et al 12th PVPMC 2019
άLƴŎƛŘŜƴǘ !ƴƎƭŜ aƻŘƛŦƛŜǊ 
όL!aύ wƻǳƴŘ wƻōƛƴ ¦ǇŘŀǘŜǎέ

ἶἓἡἍἢ
ἓἡἍȢἙἏἋἡ

ἓἡἍȢἚἋἙἏἜἘἋἢἏ
ἓθἡἍἢἙἛἎ

GI OTF agrees well with 
round robin
GI OTF agrees well with 
round robin

GI Measured nIscT
vs. AOI and BF 

http://www.steveransome.com/
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SPECTRAL :
GI OTF every 3.3nm Ą 61853 bins

Å Clear (left) day and Variable (right) days

Å Most PV only sensitive ~350 to <=1050nm

GI OTF measurements 
are accurate and can be 
used 350-1050nm

GI OTF measurements 
are accurate and can be 
used 350-1050nm

Spots morning shading from 
transmission lines

ἡἸἭἫἼἺἩἴἐἺἩἫἼἱἷἶ
=(bluer)/(bluer+redder)

ἡἐ
Вἑ ȣ ἶἵ

Вἑ ȣ ἶἵ

άǊŜŘŘŜǊέ

άōƭǳŜǊέ

http://www.steveransome.com/
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Spectral correction factor SCF vs. Spectral fraction SF

simple fits SCF vs. SF

1 Junction = Linear fit
a-Si, CdTe, c-Si
2 Junction = Concave 
down
a-Si:uc-Si a-Si:uc-Si

simple fits SCF vs. SF

1 Junction = Linear fit
a-Si, CdTe, c-Si
2 Junction = Concave 
down
a-Si:uc-Si a-Si:uc-Si

GI Measured 
nIscTvs. SF 

ἡἸἭἫἼἺἩἴἐἺἩἫἼἱἷἶ
=(bluer)/(bluer+redder)

ἡἐ
Вἑ ȣ ἶἵ

Вἑ ȣ ἶἵ

http://www.steveransome.com/
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Koeppen climate 
classification 
http://koeppen -geiger.vu-wien.ac.at/

{Ƙƻǿǎ άǎƛƳƛƭŀǊέ ŎƭƛƳŀǘŜǎ

Polar

Boreal 

(or Cold Continental)

Temperate 

(Coolervs. Hotter)

Arid

Equatorial

http://www.steveransome.com/
http://koeppen-geiger.vu-wien.ac.at/
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Insolation fraction %kWh/m2 vs. IrradianceĀand Module Temperatureā

*
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Tmodule 
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Hotterҧ

Max
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Insolation fraction %kWh/m2 vs. IrradianceĀand Module Temperatureā

*

ET: Tundra 

climate

ET: Tundra 

climate

Aw : Tropical savanna 

climate with dry -

winter characteristics

MUMBAI

Aw : Tropical savanna 

climate with dry -

winter characteristics

MUMBAI

BW: Arid 

climate

Hot desert

BW: Arid 

climate

Hot desert

Cfa: Humid 

subtropical 

climates

Cfa: Humid 

subtropical 

climates
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 (
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Ą

INDIA

BOLIVIA

AUSTRALIA

GERMANY

ALASKA
SVALBARD

JAPAN

SAUDI Note Insolation 
distribution vs. 
irradiance and 
temperature. 

Cwb-c: Dry-winter 
subtropical 
highland/subpolar oceanic

Cwb-c: Dry-winter 
subtropical 
highland/subpolar oceanic

https://commons.wikimedia.org/wi
ki/File:Bolivia_map_of_K%C3%B6p
pen_climate_classification.svg

Dsc : Subarctic or 

boreal climates

Dsc : Subarctic or 

boreal climates

Cfb : Oceanic 

climate

Cfb : Oceanic 

climate

Cfa: Humid 

subtropical 

climates

SYDNEY

Cfa: Humid 

subtropical 

climates

SYDNEY
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PV Modelling vs. site dependent climate
Module efficiency (y) vs. Irradiance (x) and temperature (colours)

Typical Efficiency vs. Irradiance 
and Tmodule model

Typical Efficiency vs. Irradiance 
and Tmodule model Energy yield sensitivity to Low light and

Temperature coefficients is site dependent

Circle Size ~ Fraction of Insolation 
at each bin (Irradiance, TMODULE) 

Hotter climates have 
worse thermal losses

Hotter climates have 
worse thermal losses

Duller climates have 
Worse low light level losses

Duller climates have 
Worse low light level losses

Albuquerque is the onlysite 
with any insolation near STC

Albuquerque is the onlysite 
with any insolation near STC

Cool + DullCool + Dull

Hot + BrightHot + Bright

HAMBURG1107kWh/m² Tmod=31.2CHAMBURG1107kWh/m² Tmod=31.2C ALBUQUERQUE2337kWh/m² Tmod=44.1CALBUQUERQUE2337kWh/m² Tmod=44.1C RIYADH2370kWh/m² Tmod=54.1CRIYADH2370kWh/m² Tmod=54.1C

http://www.steveransome.com/
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Modelling some PV loss stage sensitivities per site

Procedure 

1) Give most loss stages nominal 
inputs 

2) Change chosen loss inputs 
individually by fixed amounts

3) Calculate new energy yieldsYF 
kWh/kWp at each site worldwide 

4) Determine site sensitivity ɲYF vs. 
άƭƻǎǎ ƛƴǇǳǘ ŎƘŀƴƎŜέ

Pmax temperature coefficient
Module heating up

Low light efficiency drop
High light Rseriesworse

http://www.steveransome.com/
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Energy yield sensitivities per site ςThermal effects NOCT 47Ą37C

most gain at high temp. sites ą

Gamma -0.45Ą-0.35

most gain at high temp. sites ҧ

Improvements 
expectedҧ

Default lossҨ

http://www.steveransome.com/
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Energy Yield sensitivities per site ςIrradiance effects
Improvements 
expectedҧ

Default lossҨ

Rseries95Ą100%

Most gain at high

ƛƴǎƻƭŀǘƛƻƴ ǎƛǘŜǎ Ҧ

Low light 95Ą100%

Most gain at low

insolation sites ҥ

http://www.steveransome.com/

