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Setting the Stage: Challenges in Solar PV Landscape

Shukla Poddar, F., Rougieux, F., Evans, J. P., Kay, M., Prasad, A. A., & Bremner, S. P.. Accelerated degradation of photovoltaic 
modules under a future warmer climate.

Climate stresses Degradation
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Setting the Stage: Challenges in Solar PV Landscape

1. Inverter Clipping

2. Curtailment

• Thermal Degradation

• UV Degradation`

℃
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Setting the Stage: Challenges in Solar PV Landscape

1. Inverter Clipping

2. Grid Curtailment

• Thermal Degradation

• UV Degradation`

℃
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Setting the Stage: Challenges in Solar PV Landscape

Inverter 

Capacity

Area is the energy 

lost due to inverter 

clipping

Inverter Clipping: output reduction driven by  DC/AC ratios >1  

inverter clips excess energy

clipped energy (unused) is 
dissipated as heat

module temperature increases due 
to accumulated heat
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Setting the Stage: Challenges in Solar PV Landscape

energy lost by 

curtailment
Inverter 

Capacity
Dispatched 

Output

Network Curtailment:  intentional reduction of energy generation to prevent grid overload

Economic Curtailment:  output reduction  by plant due to negative spot pricing
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Setting the Stage: Challenges in Solar PV Landscape

Australian Energy Market Operator (https://aemo.com.au/)

Average Solar Curtailment in Q3 2024:  
38 MW (NSW)  , 17 MW (Victoria)

energy lost by 

curtailment
Inverter 

Capacity
Dispatched 

Output

Economic Curtailment:  output reduction  by plant due to negative spot pricing

Network Curtailment:  intentional reduction of energy generation to prevent grid overload
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Case Study

Bannerton, Victoria Glenrowan, Victoria

Latitude: 34.68°S 
Longitude: 142.84°E
Climate: Temperate

Latitude: 36.28°S
Longitude: 146.14°E
Climate: Temperate

Annual Solar Irradiance
1949 kWh/m²

Temperature
0 - 42 °C  (17.6 °C)

Wind speed
0.1 - 11.1 m/s (3.6 m/s)

Relative Humidity
6.7 - 99.5 % (61%)

Annual Solar Irradiance
1768 kWh/m²

Temperature
0 - 37 °C  (14.8 °C)

Wind speed
0.1 - 8.5 m/s (2.6 m/s)

Relative Humidity
17.4 - 99.5 % (73%)

• Weather (Solargis, ERA5, 2023)
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Case Study

Curtailment (AEMO, 2023)
DC/AC ratio = 1.3

Glenrowan: Annual Curtailment = 315.8 GWh   

Bannerton: Annual Curtailment = 395.7 GWh   
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Case Study

Glenrowan: Annual Curtailment = 315.8 GWh   

Bannerton: Annual Curtailment = 395.7 GWh   

45.3%

69.1%

41.9%

Curtailment (AEMO, 2023)
DC/AC ratio = 1.3
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Thermal Modelling under Clipping and Curtailment 

𝑞𝑑𝑟
𝜀𝜎𝑇𝑚𝑜𝑑𝑢𝑙𝑒

4

𝑻𝑷𝑽 = 𝑻𝒂 +
𝑷𝑶𝑨. 𝜶 𝟏 − 𝜼

𝑼𝒄 + 𝑼𝒗 ×𝑾𝒔

𝑻𝑷𝑽 = 𝑻𝒂 +
𝑷𝑶𝑨. 𝜶 𝟏 − 𝜼 − 𝑭. 𝜺. (𝝈𝑻𝒎𝒐𝒅𝒖𝒍𝒆

𝟒 − 𝒒𝒅𝒓)

𝑼𝒄 + 𝑼𝒗 ×𝑾𝒔

𝑇𝑎         ambient temperature

𝑃𝑂𝐴      plane of array irradiation

𝛼          absorption coefficient 

𝜂          PV efficiency (related to the module area)

𝑊𝑠        wind speed

𝑈𝑐, 𝑈𝑣   constant coefficients for heat loss factor

radiative heat exchange 

(modules and sky dome)ratio of electrical output to 

the solar energy input
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Temperature Simulations in Glenrowan

Thermal Modelling under Clipping and Curtailment 

Shift in maximum temperature   52 ̊       54 ̊  
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Temperature Simulations in Glenrowan

Thermal Modelling under Clipping and Curtailment 

Shift in maximum temperature   52 ̊       54 ̊        57 ̊  
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Thermal Modelling under Clipping and Curtailment 
Thermal Degradation UV Degradation

𝑅𝑑𝑒𝑔,𝑡ℎ𝑒𝑟𝑚𝑎𝑙 = 𝐴𝑒−𝐸𝐴/𝑘𝑇 𝑅𝑑𝑒𝑔,𝑈𝑉 = 𝐴.𝑈𝑉0.63 1 + 𝑅𝐻𝑒𝑓𝑓
1.8 . 𝑒−𝐸𝐴/𝑘𝑇

Dec.
Dec.

2.4%
6.7%

2.6%
7.0%
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Objective

Usual Tracking Algorithm:
o Solar Azimuth Tracking
o Backtracking
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Objective

Reduce Temperature of  Modules

Minimize Thermal and UV Degradation

Maintain Same Energy Export

AND

TO

Usual Tracking Algorithm:
o Solar Azimuth Tracking
o Backtracking

Proposed Tracking Algorithm:
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Modification of the Single – Axis Tracking Algorithm 

Usual 

Algorithm

Proposed 

Algorithm

Efficiency LOW 

POA 

Irradiation
HIGH 

Module 

Temperature
HIGH 

Under clipping/curtailment:
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Modification of the Single – Axis Tracking Algorithm 
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Considerations
✓Periods of Excess Unused Power
✓Speed Limitation

25 Jan           26 Jan           27 Jan 25 Jan           26 Jan           27 Jan25 Jan           26 Jan           27 Jan



19

clipping

curtailment

Maximum Module Temperature 

is reduced with proposed 

tracking algorithm 

Temperature  in Glenrowan
Results
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cl
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Bannerton Glenrowan

Temperature 
Results

Reduction 

during peak 

hours of 

production, 

mainly in 

first and 

fourth 

quartiles of 

the year
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- 31.9%
- 42.3%

clipping curtailment

- 27.6% - 36.2%









Proposed Tracking can reduce:

effect of clipping on

 Thermal degradation 

 UV degradation 

effect of curtailment (& clipping) on

 Thermal degradation 

 UV degradation 

Thermal and UV Degradation in Glenrowan
Results
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Conclusion
BANNERTON, 

Under curtailment

Reduction in 

• Module Temperature

• Thermal Degradation

• UV Degradation

Future Work
• Diverse Climate 

Conditions
• Temperature Model

Clipping

Reduction in thermal degradation 31.9% (32.4%)

Reduction in UV degradation  27.6% (30.3%)

Curtailment

Reduction in thermal degradation 42.3% (45.8%)

Reduction in UV degradation 36.2% (42.4%)

 

GLENROWAN  (BANNERTON) 
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