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ABSTRACT  

This study investigates the effects of grid reliability on the energy production and economic performance of 

the 4 MW Busitema Solar Photovoltaic (PV) Plant in Uganda.  

 Despite the increasing deployment of grid-tied solar PV systems, frequent grid outages and voltage fluctuations 

in Uganda’s power infrastructure pose significant challenges to their performance.  

 The research was conducted over a four-month period from November 2024 to March 2025, during 

which half-hourly solar generation data and grid conditions were analyzed. Results revealed a total of 

360,556 kWh of unutilized solar energy due to 2,520 minutes (42 hours) of grid outages, translating into 

financial losses of approximately UGX 14.6 million (USD 3,980.49).   

To mitigate these losses, three technical solutions were evaluated: Battery Energy Storage Systems (BESS), 

Pumped Hydro Storage (PHS), and hybrid inverter systems capable of islanding mode operation.  

Technical simulations using MATLAB and cost-benefit analyses showed that while PHS had a negative 

Net Present Value due to high capital investment, both BESS and hybrid inverter systems presented 

financially viable options, with the hybrid inverter achieving the shortest payback period.   

The study concludes that addressing grid reliability through smart storage and control technologies is 

essential for maximizing the potential of solar PV plants and achieving energy sustainability goals in 

Uganda. Recommendations include adopting BESS as the primary mitigation strategy and developing 

predictive outage management tools to enhance system resilience  

 

 

 



 

50 
 

References  

Authority, Electricity Regulatory. (2018, May 28). Generation tariffs: Tariffs for generation companies. 

Electricity Regulatory Authority. Retrieved from https://www.era.go.ug 

 

Authority, Electricity Regulatory. (2024, September 25). Trend of Uganda’s installed capacity. Kampala: 

Electricity Regulatory Authority. 

 

Bellini, E. (2020, July 31). Strategies to prevent overvoltage-induced inverter disconnections. PV 

Magazine International. Retrieved from https://www.pv-magazine.com/2020/07/31/strategies-to-prevent-

overvoltage-induced-inverter-disconnections/  

 

Bishal Rai, M. P. (2017, April 5). Investigation of the performance and power quality of grid-connected 

solar PV system. International Journal of Science and Research (IJSR),  

 

Blog, C. (2022, January 26). Difference between grid-tied PV inverter and regular inverter. CHINT 

Global. 

 

Clean Energy Reviews. (2023, July 18). What is a hybrid solar inverter? Retrieved from 

https://www.cleanenergyreviews.info/blog/what-is-a-hybrid-inverter 

 

Climate Change News. (2024, October 15). To capture renewable energy gains, Africa must invest in 

battery storage. Retrieved from https://www.climatechangenews.com/2024/10/15/to-capture-renewable-

energy-gains-africa-must-invest-in-battery-storage 

 

Deflos.energy. (2025, April 15). Battery energy storage systems (BESS): How they work, key components, 

benefits, and future trends. Retrieved from https://www.deflos.energy 

 

Ding, Y., Vijay, A., Neal, D., & McCulloch, M. (2020). Predictive control of rural microgrids with 

temperature-dependent battery degradation cost. IEEE International Workshop on Variable Structure 

Systems. https://doi.org/10.48550/arXiv.2005.10573 

 

Dob, B. (2018, March 20). Understanding power system islanding. Hubwell Power Systems Blog. 

 

Easy Power Uganda. (2024). Best solar inverters for Uganda: Load shedding solutions. Retrieved from 

https://www.easypowerug.com/best-solar-inverters-for-uganda 

 

Energy, Beny New. (2023, May 23). Explained: What is hybrid inverter and how it works. Retrieved from 

https://www.beny.com 

 

ERA. (2023). Electricity connections policy and renewable energy framework updates. Electricity 

Regulatory Authority. Retrieved from https://www.era.go.ug 

 

Estifanos Abeje Sharew, H. A. (2024, November 24). Power quality and performance analysis of grid-

connected solar PV system based on recent grid integration requirements. International Journal of 

Photoenergy, 2021(12 August), 14. 

 



 

51 
 

Future of Energy Kenya. (2025). Why battery storage is the real game changer. Retrieved from 

https://futureofenergy.co.ke/why-battery-storage-is-the-real-game-changer 

 

Sustainable Energy Industry Development. (2020).GRID CONNECTED PV SYSTEMS WITH BATTERY 

ENERGY STORAGE SYSTEMS DESIGN GUIDELINES  Retrieved from https://www.seiapi.com 

 

Hassan, M. (2024, March 25). Correlation analysis – Types, methods and examples. ResearchMethod.net. 

 

Hauwei. (2024, May 28). Grid-tied solar system. Hauwei. 

 

IRENA. (2020). Renewable power generation costs in 2020. International Renewable Energy Agency. 

Retrieved from https://www.irena.org/publications/2021/Jun/Renewable-Power-Costs-in-2020 

 

IRENA. (2022). Renewable energy market analysis: Africa and its regions – East Africa. International 

Renewable Energy Agency. Retrieved from https://www.irena.org/publications/2022/May/Renewable-

Energy-Market-Analysis-Africa-East 

 

IRENA. (2023a). Innovation landscape for a renewable-powered future: Battery storage. International 

Renewable Energy Agency. Retrieved from https://www.irena.org/publications/2023/Jul/Innovation-

landscape-battery-storage 

 

IRENA. (2023b). Unlocking smart grid opportunities in emerging markets and developing economies. 

International Renewable Energy Agency. Retrieved from https://www.irena.org/publications/2023/Smart-

Grid-Emerging-Markets 

 

Jesse. (2025, January 30). The four key components of a solar energy system. The Solar Addict. Retrieved 

from https://www.thesolaraddict.com 

 

Katche, M., Wekesa, M., & Ochieng, R. (2024). Techno-economic analysis of a grid-connected solar-

battery system for a Kenyan university microgrid. Journal of Energy Systems in Africa, 5(1), 12–24. 

https://www.mdpi.com/2673-4826/5/1/4 

 

Kouro, S., Leon, J. I., Vinnikov, D., & Franquelo, L. G. (2015). Grid-connected photovoltaic systems: An 

overview of recent research and emerging PV converter technology. IEEE Industrial Electronics 

Magazine, 9(1), 47–61. https://doi.org/10.1109/MIE.2014.2376976 

 

LinkedIn. (2023, September 22). How to choose the discount rate for cost-benefit analysis. Retrieved 

from https://www.linkedin.com 

 

L. R. Visser, M. E., & Van der Merwe, B. (2024). Regulation strategies for mitigating voltage fluctuations 

induced by photovoltaic solar systems in an urban low voltage grid. International Journal of Electrical 

Power and Energy Systems, 137(May 2022), 107774. https://doi.org/10.1016/j.ijepes.2021.107774 

 

Momoh, O. (2022, June). Impact of power quality on PV performance of grid connected systems. 

Digitala Vetenskapliga Arkivet. 

 



 

52 
 

Moore, J. (2019). How do planners determine the required size for a pumped storage hydropower 

reservoir? Retrieved from https://www.researchgate.net/post/How-do-plannersdetermine-the-required-

size-for-a-pumped-storage-hydropower-reservoir 

 

NenPower. (2024). How does pumped hydro storage compare to battery storage for solar energy? 

Retrieved from https://nenpower.com/blog/how-does-pumped-hydro-storage-compare-to-battery-storage-

for-solar-energy 

 

Oladeji, T., & Mbohwa, C. (2022). Artificial intelligence for fault prediction in solar-integrated 

microgrids: A review of trends in Africa. Energy and AI, 6(3), 51–67. 

https://doi.org/10.1016/j.egyai.2022.100139 

 

Oller, G. M. (2020, June 26). Feasibility study on closed-loop small-scale pumped hydro energy storage 

systems. Barcelona: Escola de Camins, UPC Barcelonatech. 

 

Pragya Gawhade, & Amit Ojha. (2021, November). Recent advances in synchronization techniques for 

grid-tied PV systems: A review. Energy Reports, 7, 5749–5767. https://doi.org/10.1016/j.egyr.2021.08.173 

 

PV Magazine. (2024, September 5). Combining hybrid wind-solar with pumped hydro in rural 

electrification. Retrieved from https://www.pv-magazine.com/2024/09/05/combining-hybrid-wind-solar-

with-pumped-hydro-in-rural-electrification 

 

Renewable Energy World. (2024a). Battery energy storage vs. diesel in East Africa. Retrieved from 

https://www.renewableenergyworld.com/energy-storage/battery/solar-battery-energy-storage-vs-diesel-in-

east-africa 

 

Renewable Energy World. (2024b). Energy storage is the key to energy access in East Africa. Retrieved 

from https://www.renewableenergyworld.com/energy-storage/energy-storage-is-the-key-to-energy-access-

in-east-africa 

 

Solarfox® Magazine. (2025, June 1). Solar inverter lifespan: Protect your investment. Retrieved from 

https://www.solar-display.com/80-of-solar-failures-linked-to-inverters-new-insights 

 

SonaSolar Zimbabwe. (2023, March 5). The best and affordable hybrid inverters in Zimbabwe and South 

Africa. Retrieved from https://www.sonasolar.co.zw/2023/03/the-best-and-affordable-hybrid.html 

 

SRNE Solar. (2024). Hybrid solar inverters: Pros and cons vs. off-grid systems. Retrieved from 

https://www.srnesolar.com/articledetail/pros-cons-hybrid-solar-inverter-vs-off-grid-inverter.html 


