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&3 sunsolve

= EPC PV software

= Solar and BESS Cell & module simulation
— Tier 1 manufacturers

— Academic institutions

= Active projects

— =

- 2.4 GW generation System simulation

- 4.3M work-hours - Most tracking companies
— Developers
- |IEs & EPCs

Learn more in 'office hours'




PART ONE

Background
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Ca paCity teSt ®Kiewit E; SunSolve

Measurements
Pmeas
Fit Reporting > Q7%
equation condition - °
Model Pmodel T
Or
ASTM E2848 E.g. 95%
EPOA = 850 W/m2 960/
_ T, = 25 °C ,
P = EPOAX(a + bXEPOA + CXTamb + dXWS) amb 98%
WS =2.5m/s
MCTC E.g.
_ EPOA = 850 W/m2
Peorr = @ + b-Epon T, =40°C
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Example test — ASTM OKiew] £ sunsolve
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Example test — ASTM OKiew] £ sunsolve
Measurements
Pmeas
Fit Reporting > 97Y
equation condition - °
Model Pmodel
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Example test — ASTM @Kiewit {7 SunSolve

Measurements P
Fit Reporti nees
o eporting — >97%
equation condition
Model Pmodel
P/850 =11e-1 + -4.8e-6 x 850 + 2.6e-5x 25 + 1.4e-4 x 2.5 Pieas = 93.3 MW
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Example test — MCTC

@ Kiewit ¥ SunSolve
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Example test — MCTC @®Kiewit {7 SunSolve

Measurements P
. . meas
Fit Reporting > Q7%
equation condition - °
Model Pmodel
P.or = 6.84 + 0.101 x 850 Pmeas = 93.0 MW
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Capacity test @Kiewit £ Sunsolve

Measurements

. . Pmeas
Fit Reporting

equation condition
Model IDmodel

>97%

E.g., if model matches measurements:

P ... =100 MW
Pmodel = 100 MW

= 100% = 97% PASS



Capacity test @Kiewit £ Sunsolve

Measurements
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Fit Reporting > Q7Y
equation condition - °
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What if
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Capacity test @Kiewit £ Sunsolve

Measurements

Fit Reporti Pineas
" eporing > 97%
equation condition
Model Pmodel
What if
» POA meas 1% high
> P meas 1% low Preas = 98 MW
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Capacity test @Kiewit £ Sunsolve

Measurements P

. . meas
Fit Reporting > Q7%
equation condition - °

Model Pmodel

What if
» POA meas 1% high
P meas 1% low Preas = 98 MW

o = 96% < 97% FAIL
Tmodel3°Clow ———— = Progel = 102 MW
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Spectral model 1% high



PART TWO

Case study




Site details ®Kiewit {2 Sunsolve

Site

- Midwest

- >100 MW

- Single-axis tracker

- True tracking (no back tracking)
— First Solar modules (CdTe)
- Monofacial

Capacity test
— 25-day monitoring period
- ASTM and MCTC
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Site conditions — weather @Kiewit  { Sunsolve

POA: 0-1130 W/m?
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Site conditions — weather ®Kiewit ¢ Sunsolve
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Ca paCity tQSt ®Kiewit € sunsolve

Measurements
Includes »)
spectral effects . : meas
Fit Reporting > 97Y%
equation condition - °

Model P model



Capacity test

@ Kiewit 6 SunSolve

Measurements
Includes »)
spectral effects . : meas
Fit Reporting 0
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Capacity test

Measurements
Includes
spectral effects

Model
AM1.59g

Fit
equation

®Kiewit  {_ SunSolve

. I:)meas
Reporting > 97Y%
condition -

I:)model

Spectral error
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Correction with First Solar model @Kiewit {2 sunsolve

Measurements

Includes »)
spectral effects . : meas

Fit Reporting > 97%
Apply equation condition
Model spectral correction Prmode
AM1.5¢g ;
A
Airmass

E.g., PVsyst, Plant Predict, Solar Farmer, Duet, etc

» Solve optics at AM1.5¢.
» Correct with First Solar model. hHh=a+ C>‘+ (& + car/AM, + c51/P,, + C6 7P, AMe



Correction with First Solar model @Kiewit {2 sunsolve

Measurements Apply inverse
Includes spectral correction )
spectral effects 1/ fa Fit Reporting meas o
equation condition = 97%
MOdel Pmode|
AM1.5¢g

E.g., PVsyst, Plant Predict, Solar Farmer
» Solve optics at AM1.5¢.
> Correct with First Solar model.  fa = ¢1 + ceAM, + 3Py, + cy/AM, + ¢35/ Py, + cb%



Correction with First Solar model @Kiewit £ Sunsolve

Measurements Apply inverse

Includes spectral correction

spectral effects 1/ fa Pmeas

Fit Reporting )
equation condition \l' 0.5%
Model P rodel
AM1.5g

R2 = 0.980 Poeas = 92.1 MW
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Correction withreference modules

Measurements Apply inverse
Includes spectral correction
spectral effects 1/ fa
Model
AM1.5¢g
Thermopile

e QE ~100% all A

Reference modules
e | calibrated at AM1.59g
e T and IAM corrected

e Cleaned every day

Fit
equation

Reporting
condition

EPOA

EPOA AM1.5¢g

Kiewit

Pmeas

IDmodel

}’ SunSolve
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Correction withreference modules ®Kiewit £ sunsolve

Measurements Apply inverse
Includes spectral correction )
spectral effects 1/ fa . . meas
Fit Reporting ,1\2 59,
. .. . (0]
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Model P rodel
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Impact on capacity test — ASTM

Effect on capacity-test ratio
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Impact on capacity test — ASTM ®kKiewit  {} sunsolve
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Impact on capacity test — ASTM ®kKiewit  {} sunsolve

Inverse spectral corrction, 1/f,
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Spectral effects




Spectral correction — measurements  (®wewt £ sunsove

Spectral correction (%)
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Spectral correction — measurements  (®wewt £ sunsove

Spectral correction (%)
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Site conditions — atmosphere ®Kiewit {2 Sunsolve

Air mass

PWV (cm)

AOD at 550 nm
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Site conditions — atmosphere

Air mass

PWV (cm)

AOD at 550 nm
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SpeCtral impaCt cdre @®Kiewit {7 SunSolve
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Spectral correction (%)
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PART FOUR

Results




Impact on capacity test — ASTM

Effect on capacity-test ratio
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Impact on capacity test — ASTM ®xKiewit

Effect on capacity-test ratio
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Impact on capacity test — ASTM

Effect on capacity-test ratio
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Impact on capacity test — MCTC

Effect on capacity-test ratio
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@ Kiewit 6 SunSolve

AM, PWV, AOD

clear-sky
EQE

+0.6%

AM, PWV, AOD

Ray tracing, DHI
EQE, IAM

+1.7%

Reference
modules

-0.5%

FirstSolar
model

-1.0%

Caballero
model

SMARTS
Basic optics

SMARTS
SunSolve optics

48



Impact on capacity test — ASTM — Si

Effect on capacity-test ratio
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@ Kiewit a SunSolve
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Conclusion

= Modelling errors > 1% are of great concern to capacity tests.
= Spectral effects can easily introduce errors of > 1%.
= Case study on monofacial CdTe system:

- Different approaches to spectral correction - vary over 3%.

- FS model reduced capacity test ratio (neglected aerosols; diff config).

— SunSolve, which applies more sophisticated spectral and optical models,
gave trends closest to the reference module.

—> Tutorial on spectral correction — Thu 4:30 pm.




