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HelioScope defines mismatch as any power
lost due to a module being driven off-MPP

 Mismatch losses are not an input factor
« Sources of mismatch are hard to disaggregate

10 -

:\ - T ;_w_m 1) 5\_ String MPP

h ~Current

| | | ——1/V Curve
‘ | ‘ —Module MPPT

— Actual

9
8
7
Current g -
. |
4
3
2
1
0

Volt'age

FoLsom LABS




Mismatch is actually a system integration
loss
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Traditionally, mismatch is primarily based on
two sources
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In reality, there are many second-order
sources of mismatch loss
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Orientation: can define heterogeneous
arrays with one or multiple inverters

Mismatch vs. Azimuthal Effects
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Orientation: mismatch losses are low when
the strings are wired in parallel

Power Curves for Strings at Two Azimuths
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Near Shading: each module is treated as a single
diode, string effects are modeled based on design

« 3d Models from Google
Sketchup

* Every model in the array
impaired individually
— Considered single-diode
— Only beam-irradiance lost
— Impacts cell temperature

» HelioScope intrinsically
calculates all string-effects

3D in SketchUp
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Near Shading: each module is treated as a single
diode, the inverter must choose to bypass or not
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Diffuse Shading: modules have location specific loss
factors which can cause mismatch

Diffuse Shading Histogram
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Diffuse Shading: losses change based on
the stringing pattern

Along-Bank Stringing Across-Bank Stringing
Performance Ratio: 87.6% Performance Ratio: 87.2%
Mismatch: 0.2% Mismatch: 0.7%

20° Tilt; 225° Azimuth; San Francisco, CA; 1.5m between rows
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Irradiance Variation: ambient mismatch losses are
determined by defining an irradiance distribution
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rradiance Variation: NREL's Oahu dataset had a
15.4% average standard deviation’ in irradiance
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Module Quality: defined by a binning range,
but mismatch losses are nominal
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Module Quality: flash test voltage and
current are correlated
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Module Quality: module voltages and
currents appear to be normally distributed
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Module Quality: Re-binning from a 5% range
to a 1% range has small benefits

Longer strings (1kV)

High mismatch (shade)

Toronto weather

No mismatch

Low fill factor modules

0.00% 0.05% 0.10% 0.15% 0.20% 0.25%
Production Impact of Re-Binning

Baseline design: C-Si modules in 600V design, Imperial CA TMY 3, standard mismatch factors

FoLsom LABS



Temperature: available, but has almost no
impact on performance

» Users define a total
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Temperature: Back-of-module temperatures
vary considerably

Hourly Temp Range versus Average Temp
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I“R Losses: Voltage drop across the array
affects all upstream components
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Our Path Forward

« Design granularity enables losses to flow directly through
to mismatch

 We have introduced new mismatch parameters based on
random distributions, but we need better physical models
— Spatially correlated irradiance or temperature
— Superior binning/quality distribution

« Will have to think carefully about how and when to
disaggregate mismatch calculations, since they are
inherently mixed in HelioScope
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We look forward to working with the
community to improve PV models
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