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Background 

• In the past decade, sales of photovoltaic systems have 
increased in SA, whereas the energy crisis deteriorated, and 
municipalities continued to suffer losses. 

• The apparent reason is that the PV system may threaten the 
utility’s energy business if not correctly integrated.

• This study interrogates the impact of high penetration by 
zooming in one residential PV system.

How does the high penetration of photovoltaic systems affect 
the business/ revenue (Positive and negative impact)?
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Methodology: Case study

• Approach – Case study (Qualitative &       
Quantitative analyses)

• Case selection – PV Residential average customer

• PV selection - Off-grid System

• Size – 3.2 kWp, 7kWh storage, 5kW static converter

• Data harvesting – Historical consumption 
(repository), Invertor’s Cloud repository



Topology

𝑖𝑙𝑜𝑎𝑑 =
𝑖𝑝𝑣 + 𝑖𝑏𝑎𝑡𝑡 , 𝑖𝑓𝑖𝑙𝑜𝑎𝑑 < 𝑖𝑝𝑣 + 𝑖𝑏𝑎𝑡𝑡

𝑖𝑔𝑟𝑖𝑑 , 𝑖𝑓𝑖𝑙𝑜𝑎𝑑 ≥ 𝑖𝑝𝑣 + 𝑖𝑏𝑎𝑡𝑡

dp/dv >  0 dp/dv <  0
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Output Data

3300 kWh
-1224 tons CO2e

5334 kWh 1980 CO2e



Data Analysis



Extended Work

Indices: i (Supply Authority)

j (PV customers)

Decision variable: Xij (Total energy export in kWh)

Zij (Total distribution loss in kVA)

Parameter: Cij (Consumption cost per Rand per kWh)

Objective: 

Min σ 𝑖 σ 𝑗. 𝐶𝑖𝑗 . 𝑋𝑖𝑗 𝑀𝑖𝑛𝑖𝑚𝑖𝑠𝑒 𝑈𝑡𝑖𝑙𝑖𝑡𝑦 𝑐𝑜𝑠𝑡

Constraints

𝑗 .𝑋𝑖𝑗 > 𝑲 ∀𝑖 𝐼𝑚𝑝𝑜𝑟𝑡 > 𝑚𝑖𝑛. 𝑘𝑊ℎ

𝑋𝑖𝑗 ≥ 0 ∀𝑖𝑗
𝑖, 𝑗 𝜖ℕ {0,1,2… }



Related and Future Work

• Case studies of medium and high Renewable 
energy penetration: 2024

• The ripple effects of embedded and alternative PV 
generation on a power grid: IEEE ICECET: 2023

• Distribution Power Pool: 2023

• Economic Load dispatch of Dispersed generation 
and centralized IPPs: 2023



Conclusions

Municipal utilities’ fundamental responsibilities:
• Keep good business relations with ESKOM and other 

IPP generators. Pay their dues
• Remain a replicable supplier to their customers by 

ensuring energy security and quality of supply
• As licensed distributors and a government to their 

residence, they should  remain Compliant with the 
regulator and  keep tariffs competitive and low  

• Municipalities are obliged to Service capital dept, 
Maintain, and Improve the network; while Embracing, 
adopting, and championing the renewables and green 
technologies.
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