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ABSTRACT

Energy Storage systems in power plants are critical to achieving global renewable energy
target, and pump storage systems are one of them. This final year project introduces decision
support tools that were designed to enhance the efficiency, profitability and sustainability.
The study aimed at addressing system operators, decision making in optimal sizing and
operation. The decision support tools developed were for optimization of the design of
pumped storage hydropower plants, a tool for real time demand forecasting and a tool for
optimizing the pump storage hydropower plant’s operation. Through research and
development, this project achieved the optimal design out puts enabling precise sizing and
configuration of pump storage hydropower plant components. It also provided real time
demand forecasting allowing operators to anticipate fluctuations with remarkable accuracy.
Additionally, the decision support tools provided both pumping and generation schedules for
PSH. The tools were developed using MATLAB software and the genetic algorithm which

was embedded in the software for optimization.

Key words: MATLAB, Genetic Algorithm, Pump Storage Systems, Optimization, Energy
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1 CHAPTER ONE
1.1 BACK GROUND

Energy systems provide an integrated solution to the world’s critical energy needs that is the
electric grid modernization, reliability and resilience, sustainable mobility, flexibility for a
diverse and secure, all -of — the electricity generation portfolio (Hodder et al., 2020). Storage
technologies strengthen and stabilize the world’s grid by providing backup power , leveling
loads ,and offering a range of other energy management services (Xu et al., 2020).
Recognizing that specific storage technologies best serve in certain applications though with
different limitations ,the US .Department of Energy (DOE) pursues a diverse portfolio of
energy storage research and development to assure a continuous affordable and sustainable

electricity supply (Zufelt, 2017).

According (Nagbe et al., 2018). , the amount of surplus energy produced during off-peak
hours varies depending on the operation of the plant, the level of demand for electricity and
the availability of water which varies from region to region. A report by the U.S. Department
of Energy found that some hydropower plants in the Pacific Northwest region of the United
States were generating up to 50% more electricity than was needed during off-peak hours
(Muljadi et al., 2021).According to (Cazzaniga et al., 2017) , due to varying demands from
consumers which has resulted into intermittent output that often does not match the energy
demands has made storage a necessity(Panel et al., 2020).

Different energy systems have been put in place to store excess energy to manage the
variability of hydropower generation which include, compressed air energy storage (CAES),
underground pumped hydroelectric storage (UPHS), flow battery storage and pumped
hydroelectric storage (PHES) (Khadem et al., 2018).

CAES store energy by compressing air into an underground storage area. This method
achieves efficiency rates of up to 70%, and a cost per kilo watt of $1750/KW but it requires
appropriate geology and may be limited by the availability of suitable sites. On the other
hand, Lithium batteries, which store energy in the form of electrolyte solutions, have
efficiency rates of up to 75% with a cost per kilo wat of $2000/KW. However, these batteries
depreciate with time and may have a shorter lifespan compared to(Cazzaniga et al., 2017) .

Pump storage reservoirs, which is the most commonly used method for storing surplus

hydropower achieves efficiency rates of up to 80%. These include the underground pumped

13
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