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Introduction

N
\J

# 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 237 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
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Estimating uncertainties in
) kWh/ kWP Insolation kWh/m?2

kWh =(PR) * (YR) *(kWp,crya)

kWpnom (KWPnominaL)

Gaussian uncertainties combine as
U2 =u,?+ u,? + ... +u,?
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kWh/kWp uncertainties

Dirt, Downtime etc. 1%

/\

YR Irradiance sensor 2%0
Yearly Insolation 4%

kWp/ Ref. Module Calib. 2%
Nom- Module variability 2.5%
inal  pegradation 1%/y

Uncertainty ~ 6%
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kWh/kWp uncertainties

-_ Different sites | Side by side

/\

Dirt, Downtime etc. 1% 0%
YR Irradiance sensor 2% 0%

Yearly Insolation 4% 0%
kWp/ Ref. Module Calib. 2% 2%
Nom- Module variability 2.5% 2.5%
inal  pegradation 1%y 1%y

Uncertainty ~6% ~3%0
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kWh/kWp uncertainties

L/
-_ Different sites | Side by side

N

Uncertainty ~ 6% ~ 3%

PR range (nom 75%) 71-79% 73—77%
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ISET Germany 10minute measured
Hours and POA Insolation
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ISET Germany 10minute data
Insolation and AC Yield
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DC Energy Yield =
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DC Energy Yield =
>(Insolation(Gi)*Efficiency(Gi))

N
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Modelled vs measured
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Modelling
program
written
to
simulate
losses Vs
climate

SIMULATE STATUS STOPPED ver: 080502 Site Mumbai Iy n ;
Customer Test Lat LEL J
Cluote number F3IPY¥SC - Mumbai, Sydney and Kassel Lon TIE \ I
Drate and Time ZMag0d Tilt 0
Comments Standard sizing Azimuth ns
SELECT MODULE oo [y P-200p =l
limit= Check lomw high
Series Modules 13 (5 ro 14) 2 # 14 #
Farallel Modules 3 1o 3) 1 # 3 #
Gty Modules 24 26 o 36] Pmat Aray TEOE | Wp HIGH 25 # et} #
SELECT INYERTER 333 | 33] jl
Iroderter EFF. vz Win 1333 | 4] At Max Vin j Farallel Inverters II' #
MONTHLY PERFORMAMNCE
Dust Shadow Glob Glob Temp Wind Temp oc FPerf  AC Yield Perf
imonth ‘month  Horiz Tilt Amb Speed Mod Yield Fact YTield Rat
= k1 Ewhim2id C ms"-1 [ % Whikp! =
Jan 23 23 4.51 451 2544 328 gz 422 9ETH i) a3.0% Jan
Feb 2% 1 524 B34 25882 377 e 4.85 A5.1% 142 2483 Feb
Mar 23 0 B.0E E.E 26.9% 376 3548 583 9633 518 20.8% Mar
Apr 23 0z 647 E47 z28.04 377 Tl 624 963 5.54 5.6 Apr
May 23 11 E45 E45 it 332 3784 E.21 9623 6562 2683 May
Jun 2% 0 4.86 185 27 B p)| 3450 462 9524 109 S Jun
Jul 2% 0z 304 a4 2673 4.24 F2A 362 9445 220 23K Jul
Aug 23 1 348z aa2 26491 374 JE4z 3T 9443 32T 34x Aug
Sep 2% 0 470 4.70 28.25 283 3487 443 6.3 347 44 Sep
Oct 2% 0 498 498 2947 )| 36497 477 9585 .23 26805 Oct
Nov 23 4 4.55 4.55 2849 .82 3489 4.3 9465 ki) anan Mov
Dec 2% 2% 4.3 4.3 2027 28 3318 383 34 347 S2EX Dec
kWhikWp 1730 5.2 1534 X P KW hikWp
k'hiy 1317 1317 13504 1a7rz k¥whiy
. . —
10 Bl Insol ERLDC yield 3 AC yield MONTHLY SUMMARY| S0t
«— Tamb C ——Tmod C —
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Modelling PV efficiency vs light level
and Inverter efficiency vs %Pin

PV MODULE
hlanuf . Area 141 |m® Prmax 200 |Wp
MWladule Name FillFactor| 74.1% |# Mod Eff 14.2% %
Type me Si # Eff @ kW/m?®
Talerance -2 Y% 0.0 00%
Isc 821 A 100% 01 862%
Yo 329 W ANy 0.2 851%
Irna 7E A PV Eff vs kW /m= 03 96.4%
Wmax w3 W 80% 04 97.0%
MOCT 47 C 700%, 05 975%
Alpha (%dlsc/dT) 0.04% |%iC 0B 550%
Beta (%dvoc/dT) 0.37% W%/C 60%0p 0.7 S985%
Garnma (YedPmax/dT) 0.00% | %/ o 0.5 99.0%
Length 1425 m 20% 09 995%
Width 0ss m OCmANMT oMo~ 1.0 1000%
Max Sys ¥ o cocoo0eocoo0o - 1.1 100.5%
INVERTER Inverter Efficiency at Low, Mid and High MPPV
hianufacturer LowV  MidV
Mame Vmpp 150 280 400
Wlax DC Input power 6300 W Eff @ %Pin
Max DC Woltage 00 W 95974 Inverter Eff vs 9% Pin 8% 908%  9M2% | 875%
Wiax Input Current 332 A 10% 591.8% | 523% | 892%
Mum MPP trackers 1 # 940/ e _;T"'é-—-h:%"‘_"_'a 20% 938%  G46% | S2E%
Max Strings 1 # o 0% 94.2%  950% | 936%
Max Output Power 5100 W 92%0 0% 94.4% | 951% @ 93.9%
Wlax Output Current 213 A apo; —tr 1 500 50% 94.5% @ 952% @ 94.2%
Max Eff 94% % o of BO% 945%  951% | G942%
Euro ETA 94.50% % 88% —=280 0% 94.4%  950%  94.1%
Toperating low =20 C = =400 B0%  94.1% 94 8% 93.9%
Taperating high 0 860 50% 93.8%  945% | 93.8%
100% 93.5% 94 2% 93.6%
0% 25% 50% 75%  100% 0%  G30% | G3.0% | 03 4%
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PV losses vs climate
India, Australia and Germany

N
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Inverter losses vs climate India,
Australia and Germany

S
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: ; g : g s efficiency
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Inverter Efficiency
can depend on Vmax
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Empirical modelling — fitting
Tmodule, Vmax and dc Yield
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Empirical modelling — validating
Tmodule, Vmax and dc Yield
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Conclusions

N

# 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
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Thank you for your attention
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Acknowledgements : ISET for dc data

This presentation paper and slides
will soon be available at

http://www.steveransome.com
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Reference days and points
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Inverter efficiency
vs Py and Vy
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mcSi Efficiency vs Irradiance

Diffuse and Direct radiation
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