Validating Irradiance Models for

High-Latitude Vertical Bifacial Photovoltaic Systems

Erin Tonital, Silvana Ovaitt?, Henry Toal3, Christopher Pike3, Karin Hinzer!, and Chris Deline?

ISUNLAB, University of Ottawa, Ottawa, Ontario, Canada
2National Renewable Energy Lab, Golden, Colorado, USA
3Alaska Center for Energy and Power, University of Alaska Fairbanks, Fairbanks, Alaska, USA

*_-------------------——--------—-------------------------------------------‘

Introduction

« Accurate modelling of photovoltaic systems is critical for the design, financial analysis, and monitoring

of solar PV plants

\
- Bifacial PV models must additionally offer robust rear-side irradiance algorithms g\
- Especially true for:

« Emerging E-W vertically oriented bifacial PV systems, where receiving direct beam solar
irradiation swaps at solar noon
« High latitudes, where there is an increased fraction of the year with high ground albedo

PV fencs [1]
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East-west vertical systems
become competitive with
traditional equator-facing
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Bifacial irradiance models have yet to be validated for
vertical systems or at high latitude
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Ex) Clear Sky Day

Comparing modelled vs measured
irradiance on example clear sky days
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Comparing modelled vs measured irradiance data, without filters.
Colorado systems = ~3000 timestamps, Alaska systems = ~18,000 timestamps.
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All 18,000 timestamps
All models show the same feature
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Comparing modelled vs measured irradiance data, with filters
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9 Golden, Colorado, 40°N 105°W

1 ) | E-W Vertical Bifacial Testbed

« Designed & assembled a 3-row vertical testbed
composed of 80/20 frame, plywood, and 6 IMT silicon
reference cells

« Reflective material simulates ‘snow’

« Average measured albedo = 0.62

N-S Vertical Bifacial Testbed

« Vertical testbed is rotatable and additionally tested
in N-S orientation
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9 Fairbanks, Alaska, 65°N 148°W

E-W Vertical Bifacial Testbed

 Maintained by Alaska Center for Energy & Power,
described in Ref. [8]

o 2 E-W vertical modules

« 2 silicon reference cells measuring east & west irradiance

| South-Tilted (60°) Bifacial Testbed

« Co-located with E-W vertical testbed

« 4 south-tilted modules (bifacial & 3
monofacial)

« 2 silicon reference cells measuring
front & rear irradiance
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Outlook for PV Models in the North
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Model choice depends on the application

« All models over-estimate N-S vertical irradiance in Colorado
« 2D view factor models under-estimate E-W vertical irradiance in both Colorado and Alaska

b All models struggle with low irradiance conditions, clouds, snow — prevalent at high latitudes

Fairbanks, Alaska
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« Must allow larger margins of uncertainty for designing systems & financial planning
« Revisit model assumptions and consider adaptations for high latitudes
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