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1.1 billion people are living in the dark



Solar Home System (SHS)

● Standalone

● DC loads

● Battery storage
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Temperature Influences
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Research Questions
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1. What is the performance-drop in SHS energy yield due 

to temperature?

2. How to get the optimum size of the system?

3. What is the impact of temperature on the lifetime-

degradation of batteries in SHS?



SHS Application

Sumba Island, 

Indonesia

(-9.699,119.974)

4.96 ESH

1,812 kWh/year

24.7 oC (avg)

9.80 oC (min) 

33.4 oC (max)

Load profile: Tier 3 (0.914 kWh/day)

2.05 m/s (avg)

0 m/s (min) 

16.8 m/s (max)

1. Motivation

2. SHS and 

Temperature 

Influences

3. Evaluating PV 

Modules

4. System Sizing

5. Evaluating 

Batteries

6. Conclusion

7



Modeling Performance of PV Modules

PV MODULES
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Estimating Module Temperature

2. Fluid Dynamic Model

𝑇𝑚 =
𝜑𝐺𝑚 + ℎ𝑐𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛𝑇𝑎𝑚𝑏 + ℎ𝑟𝑎𝑑,𝑡𝑜𝑝𝑇𝑠𝑘𝑦 + ℎ𝑟𝑎𝑑,𝑏𝑜𝑡𝑡𝑜𝑚𝑇𝑔𝑟𝑜𝑢𝑛𝑑

ℎ𝑐𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛 + ℎ𝑟𝑎𝑑,𝑡𝑜𝑝 + ℎ𝑟𝑎𝑑,𝑏𝑜𝑡𝑡𝑜𝑚

Source: [5]

𝑇𝑚 = 𝑇𝑎𝑚𝑏 +
𝑇𝑁𝑂𝐶𝑇 − 20°𝐶

800  𝑊 𝑚2
𝐺𝑚

1. NOCT Model

1. Motivation

2. SHS and 

Temperature 

Influences

3. Evaluating PV 

Modules

4. System Sizing

5. Evaluating 

Batteries

6. Conclusion

9



Temperature impact on the PV yield1. Motivation
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Optimizing SHS Size
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LLP = 7.5%

Battery size = 1.06 kWh

PV = 330 Wp

(1 PV Module)

𝐿𝐿𝑃 =
Total number of failed events

Total number of events the system was designed for
Loss of Load Probability
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Lifetime models

• Electrochemical/ 

physical model

• Experimental 

model

• Abstract model

• Analytical model

Process knowledge/ 

behavior

Failure mechanisms

• Thermal runaway

• Loss of active mass 

material

• Grid corrosion (Lead 

acid)

Physical processes

Manufacturer’s data

Non-empirical usage

• Datasheet

• Based on industrial 

experiments

• Lifetime curves
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Reconstruction of lifetime curve

Source: [4]

𝑛(𝑇𝑟𝑒𝑓, 𝐷𝑂𝐷) = 𝑝4𝑑
4 + 𝑝3𝑑

3 + 𝑝2𝑑
2 + 𝑝1𝑑 + 𝑝0
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𝑓 𝑇𝑎𝑣𝑔 = 𝑝𝑙1 𝑇𝑎𝑣𝑔 + 𝑝𝑙0

𝐷𝑛(𝐷𝑂𝐷) = 𝑝𝑑4𝑑
4 + 𝑝𝑑3𝑑

3 + 𝑝𝑑2𝑑
2 + 𝑝𝑑1𝑑 + 𝑝𝑑0

𝒏 𝑻,𝑫𝑶𝑫 = 𝑛 𝑇𝑟𝑒𝑓, 𝐷𝑂𝐷 − 𝑓 𝑇𝑎𝑣𝑔 𝐷𝑛(𝐷𝑂𝐷)
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Modeling Battery Lifetime Prediction

𝐷𝑂𝐷 =
 𝑖=1

𝑁 𝐸𝑡ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡𝑖
.𝐷𝑂𝐷𝑖

 𝑖=1
𝑁 𝐸𝑡ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡𝑖

 𝑇 =
 𝑖=1

𝑁 𝑡𝑖 .  𝑇𝑖

 𝑖=1
𝑁 𝑡𝑖

Average active DOD and temperature
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Modeling Battery Lifetime Prediction

𝐿 = 𝑛 × 𝐷𝑂𝐷 ×
2 × 𝐸𝑛𝑜𝑚

𝐸𝑡ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡

• 𝐿: battery lifetime in years 

• 𝑛: number of cycles at the average DOD and average temperature 

(lookup function)

• 𝐷𝑂𝐷: average DOD (simulation)

• 𝐸𝑛𝑜𝑚: Nominal battery capacity (sizing)

• 𝐸𝑡ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡: Total energy throughput (simulation)
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Evaluating Battery Lifetime1. Motivation

2. SHS and 

Temperature 

Influences

3. Evaluating PV 

Modules

4. System Sizing

5. Evaluating 

Batteries

6. Conclusion

16

SF = Scale Factor



Conclusion

1. Total PV yield lost is affected by 7% to 10% due to high 

module temperature

2. LLP-based sizing
● 1.06 kWh Battery 

● 330 Wp PV (1 PV modules)

3. Battery lifetime is dropped by 9% to 34% due to high 

temperature
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Future Work

● Incorporate the dynamic capacity degradation (e.g. 

capacity fading & internal resistance) and dynamic 

performance

● Include the model of power converters
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