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Normalise measurements and modelling!

Raw Measured data Measurement Stage Normalised data

meas_Imp[A] meas_VmgV] meas_Pmgw] norm_Imp[%)] norm_Vmp[%] PRdc [%]

Ref module STH 8.23 A 30.4V 250 W

0.034 A 0.51V 0.017 W 1 cn¥ sample 100% 100% 100%

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

8.23 A 30.4V 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 Normalised values should be near

>3 orders of magnitude 100%. Errors and/or degradation

are easily spotted

A Modelling from 1crAsamples through cells, modules, strings and large arrays can b

performed far easier if data is normalised
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A 1) Modelling of PV performance from IV curves
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. LFM first developed in 2011 at 26th EU PVSEC
Overview of The Loss Factors Model (LFM) http://www.steveransome.com/pubs/2011Hamburg 4AV2 41.pdf

E.gStein et al 28th PVSEC Paris 2013 for comparison wiiodle and SAPM

6 LOSS FACTORS MODEL + 2 CHECKS

AThel 2 aa CI O0 2 Njrovided & poiverfdl [artalysis of indoor or outdoor MME REFERENCE STC IV

IV curves rvmp * rimp

nisc = Pmax.nom
Icurvature ./
— * * * * * nRsc
PRc=nlsd Nlyp ™ NViyp NVoc
Old naming convention but same approach used
MEASURED IV

A Two other parametersl.andnV,.show the deviation from expected I@V2 and "j‘;mp*m'mp Veurvatye

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

and roll over respectively Gantner

nVmp nRoc nVoc
120% MM;, 115% gy . nVmp
. 115% 110%
% - e o - X nim = =

Characterise = = Predict LIl | -\ can easily finc

amodule vs. = Epuie

performance mmw‘*‘“é any discrepancies,

90%: H > 90% j -
G, Tmod = & ZRMEELE BN S Rl degradation, poor
etc. ol weather RTINS Tl measurements etc

0 0.2 0.4 0.6 0.8 1 1.2 3 Apr 9 Jul 25 Oct

Irradiance (kW/m?)
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Calculating PE- from the Loss Factors Model (LFMatestnaming convention

N\

The LFM extracts normalise
orthogonal losses from IV cur

ISC

rsc q (~ Rshunt)
fi (Fill Factor Current dependence
meas.pmp (Fill Factor Voltage dependence
LFM/MPM (~Rseries
A | Aug2020 -, Voc(Temperature corrected)
"&‘ T-.o;r TEMperature losses
Gantner
mstruments
E S R c |_ \ Also quantifies current mismatch
O |LstoeParsome Consuirg i and rollover
Voltage (V)= ffv roc voc (tmod)
9 voltage losses
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TypicalMeasuredlV vs.NormalisedLFM parameters

#11 Thin film vs. irradiance #11 Thin film vs. irradiance

Measured(log) Normalised(linear) Normalised data

Yaxis>5 orders of magnitude Yaxisjust 0.7 to 1.1 gives far better

understanding of
Psnx Mm11l t111 g6 Xgti kw m2 Frnxx dxx_hxx_ mxx
10 00011_t11l_gE_thi_kw_m2_anx_dxx_hxx_mxx_s19U325_e%}6ﬂ_52 1 05 performance
| KEY  |ss 100% > KEY
. 107 5 Isc 3 . g Isc
u: 3.0 o § Y
£ e E 25%
© 1. 25 E £ 90% 1 ]
i‘ :f Voc_tcorr ; E p UE Voc_tcorr
% i 4 2.0 2 © -
i | Irrad KW/m? . T 15N Irrad kW/m2
2 1 Tmod C/100 | 1.5 & E < Tmod C/100
E { g € 80% - Lo %
E 1001 A _mé ‘ A 05'@
- 0.5 ;,___,.... T
.”"‘"',._I,__,..___ T | Tn0p |—m— | : , . |. 0.0
0. 1.0 0.2 0.4 0.6 0.8 1.0 1.2 o0 0.7°° 02 04 gti_l?f_mz 08 10
gti_kw_m2
=N
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*norm|(ise*

~

t SNF2NXYI Y

normalised mlfm values

‘/OC_TCORR

al] Ca

Irradiance G(kW/m?20 h

Hysteresis on  shows Roc temperature dependency ampm

(I.FM vs. irradiance identify performance limits and chan ..

PRd® * voc_Tcorr* t_corr)]

Psnx_ Mm11l t111 g6 Xgti kw m2 Fnxx_ dxx hxx mxx s190325 e26 S1

4.0

T T T T
NN W W
Ln = Ln =) Ln

=
o
i (kW/m~™2): Tmod, tamb (C/100)
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PRdb@da ® DIbh
and T(colour)

)

o (=]
~ @
v =]
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0.6 08
Gi (kW/m2)
A —

The shape of PfRvs.
Irradiance is mainly

AEMLCUN (ctermined by drops in 3
coefficients
Irrad KW/m?2 R.-at low lightT

R,.at high light
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5 Independent values are needed to characterise

PV Efficiency vs. Irradiance and Tmodule curves
8 2) Temperature g

1. E’max Tolerance at STC "bp%c . u.
_PMA){PMAX.NOM@ 25C1

1000W/nr? 100 T— ——
2. Thermal Pmax coefficient () — i) ngh “gh‘}
=1/P, s APy a Ty %6/K 0.95 1°.Rseries
3. Low light loss LLEC -
(~Voo Reyund 3) Low Light 5) NOCT/ o
=PRyc.20d PRoc 1000 wimnz VOO I%HUNT NMOT 25C
4. High light l0ss (~Bris o L
= ax-Reeries 0.80 — 75C [('\:/']O('?:U'—E

5. Temperature rise
(~NOCT or NMOT) 0.75 1) Ruax
thermal rise above ambient Tolerance

0.70

(Not shown :d-losses from AOI
reflectivity, Spectral Response and 0.63'5 o' o G 08 o 5 T

o
soiling G Irradiance [kW/n?] A

Note temperatures are not linear)
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A mechanistic performance modéMPM) for PR,

Mechanistic model =

1. Iy G Module STC rating actual/nominal gﬂ;&igﬂg"

2. Py A+ *(TyopH p U U PXwer temperature coefficient Robust and

3. Vyax Logo(G) From diode equation Normalised)

4. Pua” lwad ™ Reeries °.Rsloss el

5. Tuop~ ¢ fn( ) NOCT/NMOT Thermal rise

6. Repunt ? af 221 a aAfY2Ad NI TR0 xR NP LJE
7. 7? 2"d Order nonlinear effects if needed (some thin film)

PRoc = C + C*( Ty 25) +  C*Log 1o( G)+ C*G + CF + Gl G o+

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

G models both \jcand Ryt Also allow some ™ order

non-linear coefficientsif needed
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lff YSIFada2NBYSYyu RFEUlF Aa FTNRY DlIyuy
Further info in published paperfaE eI neRee) or email authors

GI OTF MEASUREMENTS

PV Module Measurements: ' _ Name | Description Units
Fixed and 2D track; IV curve every minute, all environmental sensors, spectral parameters G Global Horizontal Irradiance KW/m2
PV Module Power up to 500W/800W D+ Diffuse Horizontal Irradiance KW/m?
High qualitydigitalization, current accuracy 0.1% FS, voltage: 0.05% FS Bn Beam Normal Irradiance kW/m?
Scalable system (4 .. 48 channels) with raw data access Gi Global Inclined Irradiance | kW/m?
Local or cloucbased data streaming (Pyranometers and c-Si ref cells)
Derivedparameters using Loss Factors and Mechanistic Performance I\/Ijggteerls ?\MB gmt:('er;tl\;lreé“ﬁ’e?t”re t g

r Pyth rLab for dir nalysis an matic reportin MOD ack of Viodu'e ' emperatures
Integrated PythorJupyterLab for direct analysis and automatic reporting >=" WS Wind Speed v

: : : : _ : : WD Wind Direction °
Continuous measurements in Arizona since 2010; Other sites available around the world RH Relative Humidity %

G(A) Spectral Irradiance G(350— 1050nm) W/m?/nm

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

AL T ; ‘ s =

)|
{5 2 e 11—
=) : Wi cf&" ——
t.’“., - : S Q I — -
b2 = - -
ol . ! 2o —
> ;'\::: Ny - = ’ ‘ ';‘! -—
FI : .L - —vj _._':- ? yl “.
TV i : - | Gantner
j L Lo L T | ‘ ‘ (U
¥ ., . OUTDOOR TEST FACILITY USA 20O
11w bkal-Th -
33°25'N -
S a
[J
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Example
OTF 8 Channel IV Scan Outdoor

IV Scan:

A 8 Channels, 4wire

Environment:

A Irradiance: tilted, horizontal, albedo, 3 spare

A Temperature: 16x PV Module, 1x Cabinet

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

Location:
UAE, China (Gobi Desert), California, USA

Cooling:
Active, 20000 BTU
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A 2) Characterising PV module performance with matrix methods (IEC
61853) using high quality outdoor measurements
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Measuring matrices of PR(G,T)

N R T ey Outdoor measurements :

Quick results with
iInsulation/heating, mesh
cover, 2Dmistrack

A 260k measurements/year (if every 1m)

A Needs data sanitizing and filtering

A Can give ~100 matrix points (G=100W/m5C bins)
A Better analysis possibkg.any non linearities

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

(1) IEC 61853 <« "« Temperature
. 23 point(G,T) Matrix " Coefficients
(A) INDOORE®51853:20112018) | o
ol T | Tvaluesy
Specifies 23 points could reduce costs with fewer.g.6 5 e
A Givesworsemodelling accuracy g PR.VS
.o . . . . = C .
A Poorer fitting with inter/extrapolation from only 6 points, =i . | irradiance
A No understanding of non linearities 2 Upto5
| v x1° G values|
COSTS .
LYR22NJ al GNAE 9 PHYANANKEHON. _ |ewwea ' pyna T2
(2) Example good ... (3) Derive (G,T)---
(B) OUTDOORsI OTF, Tempe AZ) rawpoints 1year g . ~100bins | of -
: :.__;'A&{- o0 - - o OEEEE -
FromlIV curves or Repwith real weather L aDRe - oo00H e -

0 200 400 @ BUU——EE 00

Gti [W/m~2]

50 -DDDDDJ:”:\I:IDE
-eo0oopO00-e -
-0ooe@OOoOn-
cDoE@EBEE@E - -

: L. M7§cs
- Derived Matrix

200

Gti [W/m~2]

97.5%

95.0%

92.5%

90.0%

87.5%

85.0%

82.5%

80.0%

PRyc

calc_norm_prdc_selfref [%]

Cheaper than indoor ?

More matrix bins better
for coefficient extraction
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How to generate dense performance matrices from good outdoor data 1/3

A) Raw PRJG,T)

Good points 1 year
random 4000 shown

_ P
| PR,cmin NI}EOC—M EAS

w2 dzii f A S Npli s I

92.5%

1%
o

90.0%

Tmod [C]
B
o
orm_prdc_selfref [%]

87.5%

I WolR LRAYOQ

Tuoo [CIA

82.5%

80.0%

0 200 400 600 800 1000 1200

Irradiance Gl [W/m?] A

How to generate dense
matrix points?
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How to generate dense performance matrices from good outdoor data 2/3
A) Raw PR{G,T) B) Filter into (G,T) bins

Good points 1 year REUEEOASEE VAV (14
random 4000 shown BSERIVAHETE HeReisi[o[a ="
Group into (G,T) bins

i i o e e et

Tuoo [CIA

h 70 8
2 «00003
60 co 0808000808F0.
60 N " 95.0%
50 ° 92.5% :Si’
o 5
E - 000610 g
- o =
30 30 sededs ¢ -
_______ .. 868 &y 85.0%
20 A . 2070008
e M78 cSi 69 2 % Mm78csi 82.5%
prdc prdc
10 10 ’ L4
200 400 600 800 .000 1200
0 200 400 /-;:6984.../\%90 1000 1200 Gti [W/m~2]
Irradiance G,[W/m?] A

Uniform colour bins prove

good ron-scattered data
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How to generate dense performance matrices from good outdoor data 3/3

A) Raw PR{G,T)

Good points 1 year

Group into (G,T) bins

B) Filter into (G,T) bins

Filter by steady weather,
random 4000 shown Sanity checle.g.3sigma,

C) Average, sum per (G,T)

Colour = Avg(RR /bin

Area =S(H kWh/n%¥) /bin

Useful standard graph format to be

used often showing

Performance (colour), Insolation
@ad L NN F‘

Ol NBI 0

¢Y2RdzZ Sy 0AY A

o8
«c8000)
i 60 o ® OQ.PF..
<' 50 >0 g0 D D DEH:I oo 92.5% g
O - - -eoO0opOdO0e - i
85 " 860680 ~ ocmsEp@EED: - ?
> 30 seveos oo @@ EEE e - B7% 5
I_ ....... .....‘ I I 85.0%
20 (Y M78 cSi 20 . . . . L4 20 = l = =B ® .
® col ! g 1 1 o
) LR | e
3 Tl 750 600 800 10001360 200 400 GtiG[OVE\)I/m"ZB]OD 1000 1200 200 400 GtiGEV(\){jm"g?o 1000 1200 80.0% Generated aCCura‘te
2]
iradiance G [Wim-] A dense measurement
matrix with ~100 useful
pomts
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Wi pa @ A NMdmRutdoof @&re

Logarithmic fall

Small scatter only at
extreme weather?

PRy T @ low light Tyvop[C]
O 105.0% T
o //” !
4 o -0.0% y/ oo ° —o—ig;
=" 0. // —e-35)
<“ 50 - 0D o Qo |:| D[:l o o o 95.0% ig;
O -o0O0ooOde *, ) o
'—D' 40 = OO0 |:|7___EI"" ooofd - 90.0% @ogor :22;
O . o Do E@DooO N s —o-70)
= 75% (B) 30C=» Ak |
0/ & a8 m & - s 80.0% M78 cSi SULECTEIE (e,
. . . M78cSi 82.5% prdcCI high light
10| = e 75.0% 160 200 300 400 500 600 700 800 900 100011001200
200. 400 600 800 1000 1200 80.0% Irradiance W/m2
Irradiance G,[W/m?] A @l 1A
How dF;ﬁS PBc Smooth plots can be generated from good
vary wi . .
rradiance? quality outdoor me_asu_rements which allow
accurate characterisation
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Wi, a® ¢SYLISNI GdzZNBEQ FNRBY 2dziR22NJ Y

5 1(G,T)
= R?lg) 0% 110.0% P I A O TS GTI [W/m 2] [%/ K]
. » Bl Slope = Gamma(G,T) prl R
5% 105.0% 0 _ r 010%
. o (A) 1000W/n? : Heatmap ~100 points 0.10%
. A50% omom - w1 B B B +6Ug 4 018%
50 - ooOdQg EIE - 92.5% 95.0% ;gg >0 0.26%§
: -pOoo0ooOoC :
540 - 0o EI_“___EI"EI:I OC - 90.0% s 90.0% - (B) ZOOW/n.? e 34/%2
‘ IDIH‘E:'.I-I.I_I‘II_IIIIIIIC\;-N_IIIIIII _III_!IE) HEN _042/;,
30 T EREERE 87.5% I_E 85.0% < 30 £
< = HG,T) = $) & 0.50%3
'L_)I SO T B — 85.0% o 80,09 -, -
— 20 B 8 = n dp%c(G ,T) Dzo -0.58%
Q . O DC g
= ' pric R dTvop = s
I_ 10 . D_ ‘ ]'Oo I= o o = o
200 400 600 800 1000 1200  °0-0% 700% 9515 20 25 30 35 40 45 50 55 60 65 70 = 8 & R & 3
Irradiance /m?2 T C Irradiance G,[W/m?2
| MOD |
How does PR-
vary with Datasheets usually report constant gamma value

temperature? This plot willguantify any nonlinear behaviour

6-Jut21 Gantner Www.Steveransome.com @ RC L 19

instruments Steve Ransome Consulting Limited



http://www.steveransome.com/

15t Pass : Fitting performance matrices withliaear model(mpm6 )
def mpm_6(, dT, W9 = (

MPMB®6 is a linear model :

c_1 : # constant (each coefficient is only a function @, Tor \//°)
c_2 *dT+ # temp. coeft G= irradiance [KW/rd ;
c 3 * logo(G) +  # low light ~Voc, Rshunt 7= ge|ta temperature (Tmod 25) [C] :
c 4*G+ # hlgh light Rseries WS= windspeed [m3]
c_ 5*WS+ # windspeed ~0
C 6/G #c 6 <=0 low light PR,
) i ¥ PR,
i it . . . 1UU.U% : c" O . | 10% E
. l.. " 97.5% a DI:‘DEI %
= D . s 0O I:l . ()]
i : . = @O DE, : . mE - o 0O DD%E . 0.5% %
< ° | ce000000¢ ¢ | guf = -eecoooOd:e- A
—~ coDooOdOds - - cooooOde - E. % soooooOd- - S
8,40 « OO 0O EDDD[] . 540 « O O DE’DDD[] a 190.0% 'g 340 oo D_.E‘“.D DDE] - '0.0% 5.
Q cooEp@BEE@E - - . e coo E@BDE@ ¢ - 3 £ .ocoopOooao - - EI
® Can weight g 87.5% & ' -
=30 oo g @ @ @ @ 8 = . . o @ @ @ B @ 8 = J 30)c o oo dJooOo = - o
— e by insolation e 8 oo 1o c
0 & a o a for more 20! - ;‘_"_ oL 85.0% ol | 0.5% r_:G
- PRc veas reahfuc - PRc Rt e S &
10| = - - results 10 - - - 0 - - )
200 400 600 800 1000 1200 200 400 600 800 1000 1200 80.0% 200 400 600 800 1000 1200 -1.0% o
Gti [W/m~2] Gti [W/m~2] Gti bin [W/m~2]
=N
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Typical outdoorinear model residual fit erroPR,eagimyfour technologies
cSi, HIT, CdTe : PRoc resibuat

. . to

Fit very well (becaus¢hey are lineal 1 0%
" StandardiGraph ~° " " RA -og - f-0o ) =
o[ 01 - - oo+ - - o[ = - 40Cm ol o
60 . . o DDDD 60 . - o DDDD 60 | DEE[:ID 60 oL |:||:||::|I:I '0.5% HT—J
-« ooOdf] o = 0o00 o - = ooogaf]e - -ooogO]el a
50 - 0o o[ |:||:| O e 50 . ooolf[] DD O o 50 oooQ |:||:||:] o 50 o o0 ._7."'|:||:| oo UI
. oOoQ0O III_""EIDD .| T - o000 DJKEIDD T o 00 D._EI’DEI O S) o 00O D‘__E‘w » o -g
40 . 0On0 EI‘__D’EI |:||:||3 . §4o - OO |:|_\|:|"|:| [||:| . §4o oo |:|_|:|'|:|[:||:||:J . %40 O O |:|__|3"|:||:|D ol ‘ 10.0% |
o O |:|E||:| o0 o . E o O I:II:ll:I OO o . E o o |:| Ooooa@ - E o o ‘.‘.D""D oo o[ é
30 o O _I:l"|:| O O o o 30 o D..‘,Elﬂl:l O O 0O 0 30 n.._‘n'ﬂlj O o O 0O 30 n‘l.,u"‘lj 0O o o O 8
. -"‘_‘_F -g-8 - n = _..-‘E"‘. - " E'” ' -0.5% ©
© oo D‘ M78 cSi o e e M31 HIT o el \72 CdTe 0 e 1M81 C|GS\ _g
A « @ o N N S @ a e o 0 wn
10/ - - . 10{ - - . 10 - s 10 ot <io.5 /0 H 0, &)

200 400 600 800 1000 1200 200 400 600 800 1000 1200 200 400 600 800 1000 1200 200 400 600 800 1000 1200 -1 '0 /6

Irradiance G,[W/m?] A

This CIGS module has<a0.5%
Monotonic residual error between

highT low temperature indicating aNon-linearity
ected from the gamma heatmap)
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Which LFM parameter(s;

)ausenon-linearity #1 ?

Dependgncy

Tmod bin [C]
S
S

w
e

.
e

M81 CIGS
diff PRdc

Tmodule [CIA

=
o

10

200 400 600 SDO 1000 1200
Gti bi

Irradiance G, [W/m?2] A

30
e - B e S

20

I -[]O § - 70

|:|D s
I-DIZIDI:I_ : I'“DDD
|:||:||:||:l:||:l 60 IDD[:]
-D!DDDD |:||:||:||Z|E]
coodoooodds 50 -nn!DDIDIII
< oQd DDDDD] % o0 DDDDQ]
0o goO000OQ 40 oo@8oO00doao
nuirnnnnlj E Do '|:||:||:||:|[§]
s 0 o Cfum o o 30

nnnnnn 20

. M81 CIGS
diff norm rsc

......
, M81.CIGS
diff norm voc
10

© 200 400 600 800 1000 1200
Gti bin [W/m~2]

200 400 600 800 1000 1200
Gti bin [W/m~2]

No correlation Little
correlation

-DiDDDID
s - 0o RROOOOQ

-DDEDDDDEEI
0. - OO 6 I o s R

BDD]’DDDDB

3 « o o OSmommm

. M81CIGS
diff norm roc

200 400 600 800 1000 1200
Gti bin [W/m~2]

Correlation !

Can findcause of any
non-linearity from
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A 3) Stacked loss charts of performance
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Stacked loss graphs identify causes and rates of any-@non degradationg
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A 4) Predicting Energy Yield vs. Climate worldwide
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Site Location Latitude, Longitude, Altitude TimeZone
Site Array orientation(s) Tilt, Azimuth or Tracking (Fixed tilt vs. Tracking 1D or 2D, limits, backtragk)
Defin- | Array Shading; 3D model? Self (by other rows); nearg(g.chimneys); horizon€.g. mountains)
itions | SENSORS Pyranometer/Reference cell; Temperature; Wind speed, RH, Spectrum
Weather hourly series Global horizontal irradianceTambient Wind Speed and variability /year
Met Snow Depth, frequency distribution. (Note will melt and fall off)
Data Soiling Dust increase/dry day (~0:0.25%/d?); cleaning; rain event washing
Solar angle of incidence (AOI) (reflectance losses increases with clear sky and high AOI).
Calcu | Solar spectrum APE or Blue fraction (from Solar altitude and clearness index)
lations | Module Temperature From IrradianceTambient Windspeed and NOCT
Tilted plane irradiance Gi fronh Dh, Rh Needs ground albedo, extra calcs for Bifacial?
Initial Wp nominal/nameplate [L5> GYFNJSUAYT (2f SN yOS£€> RAA(
Degradation/LIDAstability Yearly steady decline/sudden decline/variability
PV PV vs. Angle of Incidence AOI Anti reflection coating, glass or cell texturing
Perfor- | PV vs Spectral response SR AM<>1.5 (Usually smaller effect for-&i than Thin Film and Multi Junctions)
mance | PV Efficiency vslmodule NOCT/NMOT; mounting (distance from roof); windPmaxdT Gamma
PV Efficiency vs. Irradiance Low light drop RshuntandVVog); High light drop from module I2.8¢ <
Module mismatch strings Current in string can be dominated by lowest Imp
DC loss| dc wiring loss DC Cabling loss ~ 12R e«
LYSBSNISNI a2 1S dzLJE Turn on at low Pin or Vin
Max power point tracking find I=fn(V) when V<>\;,
Inverter efficiency Inv.eff = f(Py, Viy Tiny) Maybe multi stages to improve low light eff. Tare
AC loss| Inverter Clipping (e.9.P5,swhen B> Ryy may
Transformer efficiency Transf.eff= f(Py, Vin Tiny)
ac wiring DCCablingl?2.Recpies
N
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Spectral correction factor SCF vs. Spectral fractic
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Koppen-Geiger Climate
Classification

Af L":- eguatorial
BSh BSk BWh Bk IELT]

Koeppen climate
classification

Cfa Cfb Cfc

http://koeppen -geiger.vuwien.ac.at/

Vd ~ 4 w . Dfa Db Difc :
{ K2ga aaAYAEee.
IEYDwWh Dwe Dwd
EF ET 300

Sourceflocppen-geigervu-wien.ac:at ,
(o) Kotk et al. (2006), Rubel'et al, (2007
Y Wil g

Boreal
(or Cold Continental)

Cooler

Equatorial

SSSRu, how, U5, s, W3k, B0 Google-earth
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Insolation fraction %kWh/nd vs. Irradiancé and Module Temperaturéa
Site insolation

5 % T distribution
v 5 { dzy' y A 2
s  * 9 T kWh/m?4/y vs.
= 50 & - Irradiance and
© 20 IrradianceA AUSTRAL
= U 0 kW/in? 12
8_ 45 g % Insolation Tm Od u Ie
c (o  GERMANY 2 . o  4.5%-5.0%
[ a0 3 < H 4.0%-4.5%
D o 20 3.5%-4.0%
= 35 £ 9 3.0%-3.5%
S = o 2.5%-3.0%
2.0%-2.5%

S 30 : 1.5%-2.0%
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'S 20
=

15 A\ 4

i, | YR POA Insolation (kWh/m?y)

500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000

6-Jul21 Gantner WWW.Steveransome.com @‘ RCL 32

instruments

Steve Ransome Consulting Limited


http://www.steveransome.com/

Insolation fraction %kWh/n3 vs. Irradiancé and Module Temperaturéa

Weighted module temperature (&

Aw: Tropical savanna
climate with dry -
winter characteristics

60 g MUMBAI
23 E Cfa: Humid
st subtropical
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*= Cfb: Oceanic
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100C .
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Note Insolation
distribution vs.
Irradiance and
temperature.
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PV Modelling vs. site dependent climate

Typical Efficiency vs. Irradiancy
and Tmodule model
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Modelling some PV loss stage sensitivities per

Nominal | "Improved (INSOLATION
LOSS Stages Value Value" |kWh/m?
Procedure Rating Loss Modelled as Constant

DC Losses e.g. Degradation,
Tilted plane, Shading,

1) Give most loss stagesominal Snow cover, Soiling,
. t Angle of Incidence,
|npU S Reflectivity, Modelled as Constant
Spectral response,
2) Change chosen loss inputs (retmalannea ing, Pmax temperature coefffs
individually by fixed amounts Dewing Floss /Y
THERMAL GAMMA/ | -0.45%/K | -0.35%/K
: LOSSES NoCT” 47C 37C
3) Calculatenew energy yleldgf F o esanee T e = T
KWh/kWp at each site worldwide  |tosses RS
AC Lossese.g. _|
. - PR Inverter wake up,
4) Determinesite sensitivitynYF Vs. | e aciing
(’X f 2 é, é, 7\ y~ LJdZU O K | y e, Ehsetin Modelled as Constant
Transformer,

AC wiring I°R loss

kWh/kWp| LOSS
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Energy yield sensitivities per site Thermal effect

Improvements most gain at high temp. site
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Energy Yield sensitivities per sitelrradiance effect

Improvements

expectedt, Most gain at hig
Ayaztl i

Default los$a

Low light 9%A 100%

Most gain atlow
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