
1 

 

  

Pumped Hydro 
 

Project Concept 
REPORT 

Project No.  PSECC008 

 

 

 

November 2023 

PREPARED BY: 

Alan Brewer MSc 

Business Development Director 

PSECC Ltd  
39 Woodhay Walk, Havant, Hants, PO9 5RD, UK  

Email alan@psecc.co.uk    www.psecc.co.uk                                            

Tel +44 (0) 2392 471860   Mbl +44 (0) 7510 977203 

 

PREPARED FOR: 

Mr S. Ikua 
Director General / CEO 

LAPSSET CORRIDOR  

Lapsset Corridor Development 

Authority - LCDA 

Chester House, 2nd Floor, P.O.Box 

45008-00100, Koinange Street, Nairobi, 

Kenya 

 

 

http://www.psecc.co.uk/


2 

 

Table of Contents 
 

 

Executive Summary …………………………..………………………………………………………………………. 3  

Concept …………………………………………………………………………………………………………………….. 4 

Pumped Hydro ...………………………………………………………………………………………………………. 8 

Calculation for the size of a Pumped Hydro project …………………………………………………… 15 

Important factors  ……………………..…………………………………………………………………………….. 17 

Hydro Power in Kenya  ……………………………………………………………………………………………… 20 

 Deforestation ..………………………………………………………………………………………………………... 22 

Five Hydroelectricity plants ………………………………………………………………………………………. 23 

Contact …………………………………………..………………………………………………………………………….. 28 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



3 

 

EXECUTIVE SUMMARY 

Project Concept Report  

G L O B A L   P O S I T I O N 

Hydropower generation globally decreased by 15 TWh (down 0.4%) in 2021, 

declining to 4,327 TWh despite a step increase in capacity growth. The decrease 

was caused by droughts in several parts of the world, including Kenya. 

Nevertheless, hydro remains the largest renewable source of electricity, 

generating more than all other renewable technologies combined. In the Net Zero 

Emissions by 2050 Scenario, hydropower maintains an average annual generation 

growth rate of about 3% in 2022-2030 to provide approximately 5,700 TWh of 

electricity per year. 

Kenya presents itself as highly vulnerable to climate change effects – this is a 

major problem and this problem can be resolved.  Kenya's water and sanitation 

crisis With a population of 53 million, about 28 million Kenyans lack access to safe 

water and 41 million lack access to improved sanitation. Growing water demand 

and water scarcity have turned into a notable challenge in Kenya. 

We are proposing five new Dams for hydroelectricity production with pumped 

hydro for security of supply.  Solar and Wind will provide the power for the 

pumped hydro projects. 

Hydropower registered an increment of 33% from 3,205.34 GWh in 2019 to 

4240.42 GWh in 2020. 

In general, the cost of a hydroelectric dam is around $1 million per megawatt 

(MW). That’s a lot less than the cost of building a coal or nuclear plant. The 

Federal Energy Regulatory Commission estimates that the average annual 

operating and maintenance (O&M) cost for a hydroelectric dam is between $0.03 

– $0.04/kWh and this must be taken into account when considering supplying 

electricity t Lapsset Corridor @ $0.05 KWh. 

This is an Hydroelectricity Energy Review – Hydroelectric Dams and Pumped 

Hydro, a Detailed Technical offer will follow on these Renewable Energy 

technology mitigation measures. 
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CONCEPT 

 

Project Concept Report  

The Lapsset Corridor could be partly powered by a 796 MW  Grand 
Falls Dam upgrade plus a further 500MW totaling of Hydroelectricity 
Dams together with pumped hydroelectricity backup 
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Table 1. 

 

 

 

Kenya - Boosting the economy 

Kenya is part of the African Great Lakes region and well-known for its safaris, 

diverse climate and geography, as well as expansive wildlife reserves. 

The economy of Kenya is the largest in East and Central Africa and has grown over 

the last seven years. Only about 20% of the population has access to electricity. 

The country’s technically feasible hydropower potential is about 3,500 MW, 

though not even a quarter of that has been developed. 

There are no hydropower schemes currently under construction, but several in 

planning, such as The High Gand Falls scheme with 700MW or HPP Karura, both 

on the Tana River.  An additional 120 MW could be achieved by modernization 

and upgrading of existing facilities. There is also the potential for several small-

scale hydropower plants, some of which should be pumped hydro. 
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The government has a national energy strategy to boost the economy 

with the development of more hydropower. 

 

ANDRITZ HYDRO  

ANDRITZ HYDRO’s activities in Kenya reach back to the 1960s, when the com­pany 

was involved in the initial installation of HPP Kin­da­ruma (72 MW). In 2010, 

ANDRITZ HYDRO received the order for the rehabilitation of this hydropower 

plant, which was successfully recommissioned in 2013. Other projects, such as 

HPP Masinga and the most recent order for HPP North Mathoyia, further 

strengthen the po­si­tion of ANDRITZ HYDRO in Kenya. 

HPP Lower Nyamindi and HPP South Mara 

The general EPC contractor JIANGXI Water and Hydropower Con­struc­tion Kenya 

Ltd. awarded ANDRITZ HYDRO with another two contracts to supply the complete 

electro-mechanical equip­ment, including two 930 kW Compact Francis turbines 

for HPP Lower Nya­mindi and one 2,200 kW six-jet vertical Compact Pelton 

turbine for HPP South Mara. 

The two small hydropower plants were developed as pilot projects to generate 

power for the Kenya Tea Development Agency (KTDA). Com­mis­sioning of both 

hydropower projects, which further secure independent electrical energy supply 

from two more installations under the management of KTDA Power Company, 

took place in August 2016. 

The Sir Adam Beck Pump Generating Station at Niagara Falls, which was built in 

1957, is an Ontario Power Generation-owned and operated pumped-hydro storage 

system that uses off-peak electricity to pump water into its reservoir, which is then 

released during peak hours to turn turbines that produce up to 174 MW of power.  

This concept should be widely adopted in the e Lapsset Corridor project in Kenya 

to enhance the transition towards Net Zero. 

Hydroelectricity is the oldest form of renewable energy. It is the most developed 

renewable energy and has been used all over the world for centuries. 

Hydroelectricity harness energy in water flowing in rivers to produce electricity. In 

Kenya, hydro energy is a major source of electricity.  
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According to Energy and Petroleum Authority (EPRA), Kenya has installed 

hydroelectricity capacity of 826.23 MW, roughly a third of total installed capacity 

[1]. Most of the hydropower plants are large hydro with capacity greater than 

10MW while only 15 MW are small hydro plants.  Kenya has significant 

hydropower potential which is estimated to be 6000MW. Of this potential, small 

hydro potential is projected to be slightly above 3000 MW. Hydropower potential 

is distributed across the country’s five major drainage basins namely; Mt Kenya, 

Man Complex, Aberdare Ranges, Cherangani Hills and Mt Elgon [2]. Tana River 

boosts the highest hydropower potential among the five areas with a potential of 

790 MW. Five major hydropower stations in Kenya are located along Tana River.  
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PUMPED HYDRO 

 

Energy storage in Kenya: 

energizing the transition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tomsop  

Fig. 1 An aerial view of the Goldisthal Pumped Storage Station, the largest hydroelectric power plant 

in Germany and one of the largest in Europe 
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Fig 2. Open Loop Pumped-Storage Hydropower 

 

Open-loop pumped storage hydro (PSH) is a type of hydropower system that 

involves two water reservoirs at different elevations and a pumping/generating 

station. Unlike closed-loop (or conventional) pumped storage, open-loop systems 

do not have a natural water source at the upper reservoir. Instead, they rely on 

water from external sources, such as rivers or lakes, to fill the upper reservoir 

when needed. Here's a basic explanation of how open-loop pumped storage 

hydro works: 
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Upper Reservoir (High Elevation): 

The upper reservoir is situated at a higher elevation and is typically filled with 

water from an external source, such as a river or lake. Unlike closed-loop systems, 

there is no natural inflow into the upper reservoir from a dedicated water source. 

 

Lower Reservoir (Low Elevation): 

The lower reservoir is located at a lower elevation. It is typically connected to the 

upper reservoir through a system of penstocks (large pipes). 

 

Pumping Mode: 

During periods of low electricity demand or when electricity generation is more 

cost-effective, surplus electricity from the grid is used to pump water from the 

lower reservoir to the upper reservoir. This process converts electrical energy into 

gravitational potential energy. 

 

Generating Mode: 

When electricity demand is high or during peak hours, water from the upper 

reservoir is released to flow back down through the penstocks to the lower 

reservoir. As the water descends, it passes through turbines connected to 

generators, converting the gravitational potential energy back into electrical 

energy. This generated electricity is then supplied to the grid. 

 

External Water Source: 

Open-loop systems rely on an external water source (such as a river or lake) to 

replenish the upper reservoir. This external water source does not necessarily 

have to be a dedicated watercourse associated with the power plant. 

Open-loop pumped storage hydro offers a way to store and manage energy in 

response to varying electricity demand. It provides a means of storing 
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excess energy during periods of low demand and releasing stored energy during 

peak demand, helping to balance the grid and improve overall system reliability. 

While closed-loop pumped storage systems are more common, open-loop 

systems can be a viable option in locations where suitable natural water sources 

are available for filling the upper reservoir. 
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Fig 3. Closed-Loop Pumped-storage Hydropower 

 

Closed-loop pumped storage hydro (PSH) is a type of hydropower system that 

involves two water reservoirs at different elevations and a pumping/generating 

station. Unlike open-loop pumped storage, closed-loop systems have a dedicated 

water source, typically in the form of an upper reservoir that is filled by a natural 

watercourse such as a river or stream. Here's a basic explanation of how closed-

loop pumped storage hydro works: 
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Upper Reservoir (High Elevation): 

The upper reservoir is located at a higher elevation and is typically filled with 

water from a natural water source, such as a river or stream. This water source 

provides a continuous inflow to the upper reservoir. 

 

Lower Reservoir (Low Elevation): 

The lower reservoir is situated at a lower elevation and is typically located 

downstream from the upper reservoir. It may also receive the natural flow of the 

river. 

 

Pumping Mode: 

During periods of low electricity demand or when electricity generation is more 

cost-effective, surplus electricity from the grid is used to pump water from the 

lower reservoir to the upper reservoir. This process converts electrical energy into 

gravitational potential energy. 

 

Generating Mode: 

When electricity demand is high or during peak hours, water from the upper 

reservoir is released to flow back down through a penstock (a large pipe) to the 

lower reservoir. As the water descends, it passes through turbines connected to 

generators, converting the gravitational potential energy back into electrical 

energy. This generated electricity is then supplied to the grid. 

 

Continuous Water Source: 

Closed-loop systems benefit from a continuous water source that refills the upper 

reservoir, ensuring a reliable and consistent water supply for the pumping and 

generating cycles. 
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Closed-loop pumped storage hydro provides a means of storing and managing 

energy in response to varying electricity demand. It serves as a form of grid 

energy storage, helping to balance the supply and demand of electricity and 

providing grid stability. 

 

Closed-loop systems are more common than open-loop systems because they rely 

on a dedicated water source, making them suitable for a wider range of 

geographical locations. The availability of a natural watercourse for the upper 

reservoir is a key factor in determining the feasibility of closed-loop pumped 

storage hydro projects. 
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CALCULATION FOR THE SIZE OF 

A  PUMPED HYDRO PROJECT 

 

Calculating the size of a pumped hydroelectric power plant involves considering 

several factors related to the site and the desired capacity of the facility. The key 

parameters to be determined include the head (the difference in elevation 

between the upper and lower reservoirs), the flow rate of water, and the desired 

power capacity of the plant. Here's a simplified overview of the process: 

Determine Head (H): 

The head is the vertical distance between the water levels of the upper and lower 

reservoirs. It is a crucial factor in determining the potential energy available for 

power generation. The higher the head, the more gravitational potential energy 

can be converted into electricity. The head is usually measured in meters (m). 

Determine Flow Rate (Q): 

The flow rate represents the amount of water that can be circulated between the 

upper and lower reservoirs. It is typically measured in cubic meters per second 

(m³/s) or cubic feet per second (cfs). The flow rate is influenced by factors such as 

the size of the watercourses and the natural flow of water. 

Calculate Potential Energy (PE): 

The potential energy (PE) available in the system is given by the equation:  

 

PE=m⋅g⋅H  

where: 

m is the mass of water (in kg or other appropriate mass units), 

g is the acceleration due to gravity (approximately 9.81 m/s²), and 

H is the head (in meters). 
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Determine Power Capacity (P): 

The power capacity of the pumped hydro plant is the rate at which energy is 

converted. It is given by the equation:  

ρ⋅g⋅Q⋅H 

where: 

η is the efficiency of the system (a dimensionless value between 0 and 1), 

ρ is the density of water (approximately 1000 kg/m³), 

g is the acceleration due to gravity (approximately 9.81 m/s²), 

Q is the flow rate (in m³/s), and 

H is the head (in meters). 

 

Calculate Plant Size: 

The size of the pumped hydro plant, often measured in megawatts (MW) or 

gigawatts (GW), is determined by the power capacity and the desired operational 

characteristics of the facility. 

It's important to note that these calculations provide a basic overview, and a 

detailed feasibility study by engineers and experts is necessary for an accurate 

assessment of a specific site's potential and the required plant size. Additionally, 

environmental and regulatory considerations play a crucial role in the 

development of pumped hydro projects. 
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IMPORTANT FACTORS 

 
1. Ensure foundations are sound, not on compacted soil but concrete. 

2. Strong retaining wall that would not settle and crack or fail 

3. Roller compacted foundations 

4. Install High water level trips 

5. Build away from communities 

 

Building a Pumped Hydro Storage (PHS) dam involves several important factors to ensure 

its successful operation and long-term viability. Here are key considerations: 

 

1. Site Selection: 

• Topography: Choose a site with significant elevation differences between an 

upper and lower reservoir. The greater the elevation change, the more energy can 

be stored. 

• Geology: Assess the geological stability of the site to ensure it can support the 

weight of the dam and reservoirs. 

2. Water Availability: 

• Water Source: Ensure a reliable and sustainable water source for both the upper 

and lower reservoirs. This could be a river, lake, or other water bodies. 

• Water Quality: Assess the quality of the water to avoid sedimentation and 

erosion issues that could affect the efficiency of the system. 

3. Environmental Impact: 

• Environmental Assessment: Conduct thorough environmental impact 

assessments to understand and mitigate potential ecological effects, including 

impacts on aquatic life, vegetation, and local ecosystems. 

• Fish Migration: Implement measures to address the impact on fish migration, if 

applicable. 

4. Permitting and Regulation: 

• Regulatory Compliance: Ensure compliance with local, regional, and national 

regulations and obtain all necessary permits before construction begins. 
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5. Construction Materials and Techniques: 

• Dam Design: Develop a dam design that considers factors such as height, 

materials, and safety features. Consider both embankment and concrete dam 

options based on site characteristics. 

• Tunnelling and Penstock Design: Design tunnels and penstocks that connect the 

upper and lower reservoirs, considering factors such as length, diameter, and 

material. 

6. Energy Infrastructure: 

• Turbine and Generator Selection: Choose appropriate turbines and generators 

based on the desired capacity and efficiency of the system. 

• Transmission Lines: Plan for the construction of transmission lines to connect 

the hydroelectric power station to the electrical grid. 

7. Safety Measures: 

• Emergency Preparedness: Develop comprehensive emergency preparedness and 

response plans, including dam failure scenarios. 

• Monitoring Systems: Implement monitoring systems for dam stability, water 

levels, and other critical parameters. 

8. Lifecycle Costs and Financial Viability: 

• Cost-Benefit Analysis: Conduct a thorough cost-benefit analysis to assess the 

economic viability of the project over its lifecycle. 

• Maintenance and Repairs: Plan for ongoing maintenance and periodic 

inspections to ensure the long-term reliability and safety of the dam. 

9. Community Engagement: 

• Stakeholder Consultation: Engage with local communities and stakeholders to 

address concerns, gather input, and ensure the project aligns with community 

needs and expectations. 
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10. Adaptability and Flexibility: 

• Technology Upgrades: Design the system to be adaptable to future technological 

advancements in hydroelectric power generation. 

11. Reservoir Management: 

• Water Management: Develop strategies for efficient water management, 

considering factors such as evaporation, sedimentation, and seasonal variations in 

water availability. 

•  

12. Legal and Ownership Considerations: 

• Land Rights: Ensure clear land rights and ownership agreements for the areas 

surrounding the dam. 

•  

By carefully addressing these factors, project developers can enhance the likelihood of a 

successful Pumped Hydro dam project that meets both technical and environmental 

requirements. 
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HYDROPOWER IN KENYA 

 

Hydroelectricity is the oldest form of renewable energy. It is the most developed renewable 

energy and has been used all over the world for centuries. Hydroelectricity harness energy in 

water flowing in rivers to produce electricity. In Kenya, hydro energy is a major source of 

electricity. According to Energy and Petroleum Authority (EPRA), Kenya has installed 

hydroelectricity capacity of 826.23 MW, roughly a third of total installed capacity [1]. Most of 

the hydropower plants are large hydro with capacity greater than 10MW while only 15 MW are 

small hydro plants.  

Kenya has significant hydropower potential which is estimated to be 6000MW. Of this potential, 

small hydro potential is projected to be slightly above 3000 MW. Hydropower potential is 

distributed across the country’s five major drainage basins namely; Mt Kenya, Man Complex, 

Aberdare Ranges, Cherangani Hills and Mt Elgon [2]. Tana River boosts the highest hydropower 

potential among the five areas with a potential of 790 MW. Five major hydropower stations in 

Kenya are located along Tana River. The table 1 below shows hydropower plants in Kenya and 

their capacity. 

 

Source: Ian Njuguna Kenyatta University – Hydropower in Kenya September 

2022 
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DEFORESTATION 

 

Deforestation threatens Water supply 

 

Poverty-fueled deforestation threatens  - Mau Forest is East Africa’s largest native 

montane forest and Kenya’s largest water catchment. 

 

• Olpusimoru Forest Reserve is one of Mau Forest’s protected areas, but its forest cover has been 

greatly reduced by logging, fuelwood collection and other poverty- driven human pressures. 

• Beginning in 2018, thousands of families that had established themselves inside the forest 

reserve’s boundaries were evicted by the Ministry of Environment and Forestry, part of a wider 

push that saw more than 30,000 people evicted from the broader Mau Forest Complex. 

• Despite government intervention and civil society initiatives to assuage poverty in the region, 

signs of fresh logging, charcoal burning and overgrazing are evident in Olpusimoru Forest 

Reserve. 

 

OLENGURUONE, Kenya — Mau Forest covers some 2,700 square kilometres (1,042 square 

miles) in western Kenya, making it the largest native montane forest in East Africa. The forest is 

also Kenya’s largest water catchment area and feeds several lakes, including Lake Victoria. 

But Mau Forest is shrinking as its trees fall to human pressures. Even Mau’s protected areas are 

not immune. One of these is Olpusimoru Forest Reserve, which has been facing high rates of 

deforestation as people cut down trees for timber and fuelwood collection. 

Over the past 20 years, this forest has faced destruction from illegal loggers and encroachers who 

have extended their farming and grazing lands deep into the forest. By 2010, approximately 30 

square kilometers (11.6 square miles) of Olpusimoru’s forest had already been impacted by 

logging, agriculture and illegal settlements, according to the Kenya Forest Service (KFS). 

Satellite data from the University of Maryland visualized on Global Forest Watch indicate the 

reserve lost a further 9% of its primary forest between 2011 and 2021, with preliminary data for 

2022 showing deforestation continuing to eat away at remaining habitat. 

 

Beginning in 2018, thousands of families that had established themselves inside the forest 

reserve’s boundaries were evicted by the Ministry of Environment and Forestry, part of a wider 

push that saw more than 30,000 people evicted from the broader Mau Forest Complex to which 

Olpusimoru belongs. But when walking around the forest today, fresh signs of continued 

encroachment and damage to the forest are evident. Recent, widespread deforestation can also be 

seen in satellite data and imagery on Global Forest Watch. 
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FIVE HYDROELECTRICITY PLANTS 

 

Table 3. Dams suitable for Hydroelectricity in the Lapsset Corridor 

Five Dams generation will be 796 MW (Marked in Red) - 2023 

                               
 

 

 

Project Origin/Need  
Originating Office, Maintenance, field reviews 

 

Project Origin  

What or who is driving the project?  

Pavement Condition Survey, Traffic Operations, Safety Office, Public Input, MPO, etc. 

Project Need  

What problems need addressing?  

Pavement failures, capacity, adding or increasing turn lanes, signalization, crashes or other 

safety issues such as access, sub-standard guardrail or bridge rails, etc 

Project Description/ Intent/Concept  
Originating Office, SIO, Work Program Office, field reviews 

– What is being proposed to correct the problems? 

Recommendations for the project – Describe what is to be done. 

Resurfacing, widening, adding or extend turn lanes, shoulders, traffic signals, sidewalks, extend culverts, 

guardrail upgrade, realign intersection, modify turning radius, lighting, etc. 

 



24 

 

 

Table 4. Dams suitable for water supply in the Lapsset Corridor 

 

 

Kenya's water and sanitation crisis With a population of 53 million, about 28 million Kenyans lack access 

to safe water and 41 million lack access to improved sanitation. Growing water demand and water 

scarcity have turned into a notable challenge in Kenya. 

 



25 

 

 

 

 

 

 

 

 

 

 

 

 



26 

 

 

 

 

 

 

 

 

 

 

 



27 

 

 

Website for full details and documentation on each project can be 
found at: www.ppp.water.go.ke/dashboard 
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