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PV Thermal Modeling

𝑻𝒄𝒆𝒍𝒍 = 𝑻𝒂𝒎𝒃 +
𝜶 + 𝑷𝑶𝑨 𝟏 − 𝜼

Uc + Uv· WindSpeed

POA Irradiance
(1st Order)

Ambient Temperature
(1st Order)

Wind Speed
(2nd Order)

𝑼𝒄: Constant	Component	(insensitive	to	wind	speed)
𝑼𝒗: Wind	speed	sensitivity
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PVSyst Thermal Model

• PVSyst thermal response coefficients are specified by the 
user

• Coefficient selection can result in annual thermal loss 
and energy production differences of  2-3%

• PVSyst provides coefficient guidance, but:

– How confident can we be in the PVSyst guidance?

– How sensitive is the model to the wrong Uc & Uv selection?

– How sensitive is yield to coefficient selection?

– How do we make the right selection of Uc & Uv in for a specific 
project?
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PVSyst Thermal Model: Help & Guidance
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Objectives

• Derive thermal response 
coefficients for use in PVSyst 
using installed PV system data

• Verify the effectiveness of the 
PVSyst guidance

• If necessary, provide data-
driven guidance for selection of 
thermal response coefficients
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Method: Prior Work

• Method demonstrated by Pavgi et. al 2017 
(ASU PRL) based on Faiman, et. al 2008

– Calculate deltaT = Tmod – Tamb

– Calculate 𝑌 = LMN
OPQRST

– Fit a linear regression model on the scatter plot of Y 
vs. Wind speed 

– Extract the intercept and slope as Uc and Uv
respectively
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Method: SunPower Study
• Method needs to be compatible with 

PVSyst’s implementation

• Calculate 

– deltaT = Tmod_sat – Tamb_sat

• Calculate 𝑌 = NQUVS × XYPZZ ×LMN
OPQRST_\SR

(W/m2.K)

– Alpha : absorption coefficient = 0.90

– eff : PV efficiency = 0.20

• Fit a quantile regression model on the 
scatter plot of Y vs. Wsp_sat for robustness 
to high variance in the underlying data

• Use the P50 fit to extract the intercept and 
slope as Uc and Uv respectively
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Method: SunPower Study

• Operational data for at least 1-4 years

– Tmod : Module Temperature as measured on the back sheet of a PV module (℃)

– Tamb : Ambient temperature (℃)

– Wsp : Wind speed (m/s) – measurement at approximate height of array

– POA : Plane of array irradiance (W/m2)

• Satellite data for the same time periods (SolarAnywhere)

– Tamb_sat : Satellite reported Ambient temperature (℃)

– Wsp_sat : Satellite reported Wind speed (m/s) – source data provided at 10m*

* PVSyst uses 10m wind speed without a correction to height of array *
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Method: SunPower Study

Hot/Arid 
Climates

Cold/Wet 
Climates

• 90 SunPower systems across various regions and mounting system types
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Results: Regression Distributions (Measured Met Data)

• Uc

– Broad distribution of Uc for all 
system types (~20-40)

– Median Uc similar to PVSyst
guidance for wind-sensitive 
systems (32.51 vs. 25.0)

• Uv

– Nearly all systems indicate 
significant sensitivity to wind

– Median Uv higher than PVSyst 
guidance (5.87 vs. 1.2)

• Greater sensitivity to wind speed measured at array height than when measured at 10m 
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Results: Regression Distributions (Satellite Met Data)

• Uc

– Broad distribution of Uc for all 
system types (~15-35)

– Median Uc similar to PVSyst 
guidance for wind-sensitive 
systems (25.72 vs. 25.0)

• Uv

– Nearly all systems indicate some 
sensitivity to wind

– Median Uv similar to PVSyst 
guidance (1.13 vs. 1.2)

• Excellent agreement with PVSyst recommendations when using 10m wind speed in satellite data
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Results: Annual Energy Impact

• Energy impact of the derived Uc & Uv values is assessed by comparing the difference 
between median annual energy and reference annual energy for all sites in the study

• The reference annual energy is the annual energy as predicted by PVSim (SunPower’s 
energy modeling tool) 

• Energy impact for each mounting type is assessed as 

–Ediff % = _`aOPQY_Lbcd` × Xee
_Lb\d`

where 

• Emodel = Energy modeled using given pair of thermal coefficients (i.e. Uc, Uv)

• EPVSim = Energy modeled by using PVSim’s thermal model implementation

• Ediff = Relative energy difference between PVSyst and PVSim
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Results: Energy Impact on Free-Standing/Open-Rack Systems

Mounting Type Uc=29.0, Uv=0.0 Uc=25.0, Uv=1.2 Uc=25.7, Uv=1.1
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Results: Energy Impact for Intermediate/Low-Standoff Systems

Mounting Type Uc=20.0, Uv=0.0 Uc=25.0, Uv=1.2 Uc=25.7, Uv=1.1
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Results: Energy Impact for Insulated-Back/Low-Flow Systems

• (Summary chart)
Mounting Type Uc=15.0, Uv=0.0 Uc=25.0, Uv=1.2 Uc=15.3, Uv=1.7
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Conclusions
• Wind has a greater influence on system operating temperature than indicated by PVSyst

• Free-Standing Systems

– PVSyst guidance for free-standing systems is reliable (results up to 1% underestimation of annual energy)
– Annual energy error can be cut in half by using coefficients derived in this study: Uc = 25.7 & Uv = 1.1

• Low-Tilt Systems

– PVSyst guidance for low-tilt systems results in 2-3% underestimation of annual energy
– Annual energy error can be reduced to <1% by using coefficients derived in this study: Uc = 25.7 & Uv = 1.1

• Low-Flow Systems

– PVSyst guidance for low-flow systems can result in approximately 3% underestimation of annual energy
– More analysis needed for low-flow PV systems to derive reliable thermal coefficients

• Thermal response coefficients derived in this study only apply when using wind speed 
measured/reported at 10m (e.g. TMY)

– When running PVSyst weather-adjusted performance analysis, site-specific coefficients must be derived
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