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Abstract 

Renewable energy source availability is enormous in Africa. 

The quantity of each is adequate to generate the required power 

for the day to day activities. These energy sources can serve as 

stand-alone or even supply power to national grids, but the truth 

is these sources are underutilised, thereby hindering 

technological, economic and social growth resulting in poor 

infrastructural development in many areas within the continent. 

This paper reviewed hydro-power potentials with more 

emphasis on small hydro-power potentials. Small conventional 

power generation method has been combined with a pumped 

storage system to generate power. Advantages and 

disadvantages of engaging pumped storage hydro-power (PSH) 

system, the possibility of solving power demand and 

management forecast through its use for power storage and 

generation purposes, availability in Africa and global 

distribution are also reviewed. There are great potentials in 

small hydropower generation for sustainable development in 

Africa. Favourable policies are also needed to achieve this. The 

outcome of this study suggested that the hybrid plant is capable 

of electricity storage during off-peak and releasable at peak 

time for maximum generation up to 43% additional capacity. 

 

Keywords: Pumped storage technology, Hydropower 

generation, Renewable Energy, Small hydropower plant. 

 

 

INTRODUCTION 

Hydropower (HP) generates clean and renewable electricity 

resulting in many countries to have set targets to engage in 

more hydro-power generation. Spain for example committed a 

lot of measures to increase energy from renewable sources to 

12% of total production by 2010 [1], [2] so as to combat the 

environmental menaces imposed by carbon gas emissions. 

Spain instituted several organs to obtain greater power 

efficiency and alternative power generation sources, such as 

CIEMAT and IDAE. Between 1986 and 2001, Spain 

experienced a rapid evolution in hydropower with total 

accumulated power amounting to 1607.3 MW, an average 

growth of 53 MW each year [2]. Through the declaration in 

2012 as the “International Year for Sustainable Energy for All” 

(SE4ALL), the International Renewable Energy Agency 

(IRENA) launched a global renewable energy roadmap for 

doubling the share of renewables in the global energy mix by 

2030 from the present 20% to about 40%. It is aimed to 

transform power generation sector of developed countries to 

exploiting and absorbing more renewables sources, upgrades 

and modernise old grid systems, introduce new and innovative 

solutions. This approach is believed to help meet rising 

electricity demand, give room to new investment opportunities 

[3]. 

 

Hydropower has gained recognition rapidly in electrical power 

generation in the world as a renewable energy source. 

Hydropower contributes up to 20% of world electrical power 

[1];[4]. [5] predicts that the global demand for electrical energy 

will gradually rise and the growth for HP production is 

projected at 2.4% - 3.6% from 1990 to 2020. Small scale 

hydropower (SHP) is referred to as one of the most cost 

effective and environmentally friendly energy generation 

technologies available [1], designed for water to run through a 

river without storage, or surface dam or at a given head. It is 

described as the most ideal small scale energy technology for 

isolated and/or rural community electrification in developing 

countries. SHP “run of river” schemes have minimal 

environmental impacts [6];[7]. 

 

 

HYDROPOWER FUNDAMENTALS 

A major requirement for hydroelectric power generation is 

availability of water. Water resource is richly available and at 

the same time location dependent. Hydroelectric power stations 

can be run continuously to provide 24 hour base load 

electricity, applicable in many countries of Africa, for example 

Rwanda, DRC, Uganda and Burundi [8];[9]. Hydropower can 

be engaged conventionally or as Pumped storage system. Both 

methods are efficient and effective but depend on the location 

and method to be engaged in harnessing the resource. 

Electricity generated by hydro-electric power stations is 

cheaper over time than that produced by coal-fired power 

stations because of much lower running cost [10];[11]. HP has 

advantages over coal in power generation in that coal is 

consumed in the process of power generation whereas water is 

not consumed, but its energy is utilised efficiently in power 

generation. With over 71% of the earth been covered by water, 

water the most available substance on earth and energy 

available from it enormous and that is why [12] puts world 

hydro power potential amount at 20 billion Mega Watt hours 

per year and only 30% of this is developed so far. 

 

Pumped Storage Power Stations : 

Pumped Storage Hydro system has a quick reaction time which 

enables it to respond swiftly to sudden changes in consumer 

demand and emergencies because of the ability able to start up 

very quickly and thus frequently used to salvage peak demand 

situation [10]. It reaches peak generation of power in as little as 

three minutes, whereas a coal-fired power station requires 

several hours from cold start before it can start generating 
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power. Energy capacity planning is necessary in ensuring 

anticipated future power demands is strategically met. This 

strategic power plan is vital to maintain regular electricity by 

focusing fully on three major factors, namely: 

i.  Supply options. 

ii.  Demand management option. 

iii.  Demand forecasting option. 

 

Another advantage of hydropower, especially PSH, is that 

power is usually generated when it is needed which makes it 

simple for engineers to produce electricity on demand thereby 

ensuring control generation. The possibility of being 

completely automated in its operation makes it less 

cumbersome in managing. An example is the hydroelectric 

power stations on the Orange River being operated by remote 

control from Eskom’s National Control Centre in Germiston. 

 

Hydro-power Technology Review : 

Hydropower, being an environmental friendly technology, is 

reported that of all known generation system hydro-power has 

the highest operating efficiency [12]. It allows water retention 

and reuse instead of the water being discharged when optimised 

with a pumped storage hydro plant. [11] likened a pumped 

storage system to a huge battery that stores energy of water in 

the upper reservoir until it is released for instantaneous power 

generation when there is a demand for electricity. Though 

pumped storage plant is actually a net consumer of energy, it 

makes the stored power available when needed at a higher 

price. It returns approximately 3 kilowatt-hours (kWh) of 

electricity for each 4 Wh required for pumping which makes 

pumping activities carried out at off peak when energy 

consumption is low and generation is at peak times [11]. PSH 

technology permits continuous operation of the highest 

efficiency plants in the total system. Pumped storage 

generation, by its use of large quantities of off-peak power for 

the pumping process allowing other power option to operate 

under much more stable loading conditions.  

Energy use in the daytime is at peak demand and at night time, 

low demand. For a reliable system, power generation is 

achieved with real-time demand. Storing energy for the peak 

time is a major challenge as energy generated in commercial 

quantity which is not used is wasted. Solar energy source could 

have been engaged in pump activity but the period of its 

availability is within the period of peak energy consumption. 

Solar energy is unreliable because it availability is highly 

dependent on climatic factors. Pumped Storage Hydropower is 

one of the commercially proven technologies available for grid-

scale energy storage. The pumped storage plant is the only way 

of large-scale energy storage [13];[14]. 

Hydropower plants are rated by the amount of electricity they 

generate. Large hydropower facilities have capacities greater 

than 30 MW and supply many consumers while small HP 

capacities are less than 30 MW. Small HP plants also can be 

sub divided into various groups namely; Small HP 2.5 MW – 

25 MW; Mini HP 500 kW – 2 MW; Micro HP < 500 kW; Pico 

HP ˂ 5 kW [15]. A micro or small hydroelectric power system 

can generate enough electricity to provide power to a home, 

farm, ranch, or village [16]. 

 

 

Combined Renewable Power Systems : 

Experts believed that pumped storage hydropower still remains 

the most established technology for large-scale electricity 

storage, with plants consisting of two water reservoirs in 

different altitudes connected by a penstock [17];[18]. During 

off- peak periods, pumps are used to lift water to the upper 

basin to be able to release it to the lower basin during peak 

times, driving turbines in the same way as in conventional 

hydro plants. Considering more pumped storage plants are 

inevitable with increasing intermittent nature of other 

renewable energy sources. [19] analysed the recent 

development and evaluates the revenue potential as well as 

possible barriers to increasing the prospect of new pumped-

hydro storage plants even though profitability remains a major 

challenge. Characterized by high investment costs, this makes 

profitability a struggle in market situations, though a significant 

investment opportunity exists for the installation of an energy 

storage system in this wind farm. [19]. 

[20] evaluated the techno-economic viability of a system that 

incorporates the simultaneous operation of existing and new 

wind farms (WFs) with pumped storage and hydro turbines in 

non-interconnected Greek islands. It is to provide the electrical 

grid of the remote island with guaranteed energy amounts 

during the peak load demand hours on a daily basis to prevent 

problem of power shortage as a result of restriction of wind 

power due to electrical grid limitations. The performance of the 

system was simulated during a selected time period for various 

system configurations and an attempt was made to localize the 

optimum solution by calculating various financial indices. 

Three main variables with a payback period less than 10 years 

were considered, which are, produced energy selling price, the 

percentage of state subsidization and the price of the wind 

energy surplus bought from the already existing WFs. They 

came out with outstanding result that derived 24 MW for WFs, 

15 MW water pumping system and 13.5 MW hydro-turbines. 

This made the contribution of renewable energy to the gross 

energy increase by almost 15%, about 25% of the island’s 

energy consumption pattern. They concluded that proposed 

analysis may be equally well applied to every remote island 

possessing remarkable wind potential and appropriate 

topography. [21] proposed a potential supporting schemes for 

new pumped hydro storage (PHS) facilities operated with 

wind-originated power in Croatia to guarantee investment cost 

recovery, feed-in tariffs, as a reward for an integrated 

renewable energy sources (RESs) analysed. They 

mathematically set market share required for the efficient 

operation of a PHS facility and the levels of feed-in tariff (FIT). 

Though the most widespread storage in power systems is the 

pumped/reversible hydro storage. The electricity market does 

not adequately reward all services that PHS provide to the 

electricity system due to the result of the research which puts 

the level of FIT for an applied project in Croatia in the range 

42–265 €/MW h for an average load factor of 20%. The price 

for charging the storage and the number of pumps and 

penstocks, could lower the capital cost. 

A numerical methodology for optimum sizing of the various 

components of a reversible hydraulic system designed to 

recover the electric energy that is rejected from wind farms due 

to imposed grid limitations using hybrid wind–hydro power 

generation was analysed by [18]. They considered various 
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commercial and standardized components (pumps, small water 

turbines, penstock/discharge pipe diameter, electric motors and 

generators), and performed a detailed calculation of the various 

energy losses in the pipeline, the pumps, the turbine and the 

electrical equipment. The economic analysis was based on 

dynamic evaluation methods: the Net Present Value (NPV) and 

the internal rate of return (IRR) are used as criteria of the 

economic viability of the investment. The results showed that a 

well optimized design may be crucial for the technical and 

economic viability of the examined system [18]. 

[22] conducted a research on overview of the setbacks that 

inhibit the smooth operation of small hydropower plants in 

Lesotho. It was reported that Lesotho’s energy balance is 

largely dominated by combustible renewable resources 

whereas the country is well endowed with hydropower 

resources for the development of both large and small-scale 

hydropower projects. Several challenges that inhibit achieving 

this developmental status were in order to reap the full benefits 

of this resource. High capital investment costs on projects of 

this nature and heavy siltation of small reservoirs due to 

extensive soil erosion are major ones. Various studies have 

identified up to 22 sites, with a combined potential of more than 

20 MW to be suitable for small hydropower development. Of 

these sites, four have been developed to operational from mid-

1980 to early 1990’s. The plants were designed as hybrid 

systems with diesel generator sets. Three of those plants 

operate on a river run-off system running on diesel for most 

periods of the year, increasing overhead cost and at the same 

time contributing to atmospheric pollution generation. As at the 

period of this publication, two of the plants are mothballed as a 

result of the costs and other frequently encountered operational 

problems. 

[23] evaluated the contribution of hydropower in meeting 

electric energy needs in Turkey. It compared production of 

electricity and hydroelectricity in the world to that of Turkey 

and examined Turkey’s water resources and its potential, 

hydropower potential. Current status of hydropower in Turkey 

is investigated in detail and hydroelectricity was compared to 

thermal electricity. It also examined the contributions of 

hydroelectricity to the total and renewable electricity 

generation, and the usage status of hydro potential. Finally, this 

report concluded that hydropower is the second largest 

contributor in meeting Turkey’s electric energy needs after 

thermal, mainly natural gas. It is also estimated that the 

contribution of hydropower will continue because a vast 

amount of its economically feasible hydro potential (about 

64%) is undeveloped. 

A theoretical study of the economic advantages of large-scale 

energy storage use to complement a wind farm in a base-load 

dominated electricity grid was conducted in Australia. A 

computer model was developed which simulates the operation 

of several energy storage systems when used with the 190 MW 

Portland Wind Farm (PWF) located in Portland, Victoria, 

Australia [24]. A variety of operating strategies were compared 

using a dynamic programming model which finds the 

maximum possible revenue which a given system can generate 

for a set of input conditions. Three energy storage systems were 

modelled and cost analysis carried out. These are Pumped 

Seawater Hydro Storage (PSHS), Compressed Air Energy 

Storage (CAES), and Thermal Energy Storage (TES). Pumped 

Storage came out to be one of the sustainable technologies. 

[25] worked on economic evaluation of wind-powered pumped 

storage system. As the world is turning to exploration of green 

energy, wind power has become another primary renewable 

resource of great value in economic utility and industrialization 

development, like hydraulic power at the time when comes 

with the pressure from energy crisis and environmental 

protection. [25] considered a wind-powered pumped storage 

system based on an 8 MW wind farm, calculated the effect of 

pumped storage power station to wind power regulation and 

developed a model on economic evaluation. It was discovered 

that there is significant smoothing of the produced power that 

is enough to power the system with extra economic benefits. 

The basic concept is to exploit the rejected wind energy 

amounts in order the hydro turbines of the system to produce 

the desired guaranteed electricity during the peak hours when 

the marginal production cost of the conventional power station 

is very high. From the above research, [25] developed the 

following scheme: 

 

i. The excess electricity production from the wind 

turbines is used for pumping water to the upper 

reservoir storing it in the form of hydrodynamic 

energy. 

ii. If the rejected wind energy amounts are higher than 

the pumps’ capacity or the upper reservoir is full, the 

residual wind energy (i.e. the energy that cannot be 

stored), is forwarded to low priority loads. 

iii. If the water stored in the upper reservoir is inadequate 

to fulfil the condition of guaranteed energy delivered 

to the local grid during the next day, the PHS system 

absorbs ‘‘cheap” energy from the local grid during 

low consumption periods (e.g. nights). 

iv. The energy stored in the upper reservoir is released to 

be consumed via the existing hydro turbines during 

the prearranged hours of the guaranteed energy 

production. 

 

Based on the major shortcomings of Pumped Storage Hydro-

Power, [26] designed a system that uses derived energy from 

sources like nuclear, fossil, wind to pump water to the upper 

reservoir storing energy and ensuring continuous generation of 

electric power to cover urgently needed energy demand. [27]  

reported that from the design, there are over 130 GW of 

pumped storage in operation around the world balancing 

unplanned power outages, which makes about 3% of 

instantaneous global generating capacity. 

[7] conducted a survey on pumped hydroelectric storage (PHS). 

The research handled issues like PHS technology, the pros and 

cons, history, and the prospect and came out with the fact that 

PHS is the most established technology for utility-scale 

electricity storage and has been commercially deployed since 

the 1890s. For over a decade now many have shown interest in 

reviving development of PHS facilities worldwide. This is 

because most other low-carbon electricity resources such as, 

wind, solar, and nuclear cannot flexibly adjust their output to 

match fluctuating power demands, leaving us with an urgent 

need for an increasing bulk electricity storage. It further 

described the two main types of PHS as: 
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i. Pure or off-stream PHS, which rely entirely on water 

that were previously pumped into an upper reservoir 

as the source of energy and 

ii. Combined or pump-back PHS, which use both 

pumped water and natural stream flow water to 

generate power. Off-stream PHS (closed-loop 

systems), is also described as entirely isolated from 

natural ecosystems. 

 

 

METHODS  

The motivation for this work was conceived from the last point 

above. With the aim being to guarantee energy supply during 

the peak load demand hours on a daily basis and also to prevent 

problem of power shortage and outages, the possibility of 

running both conventional hydropower and PSH technologies 

in an SHP considered. Figure 1 describes the plant 

arrangement, showing the turbines, pump, reservoirs and the 

river I. 

 

 
 

Figure 1.  A sketch of the proposed PSH and hydropower 

hybrid power plant. 

 

The primary source of power is the river run-off plant, I. This 

plant is designed to work at all time. During off-peak periods, 

excess electricity is to pump water from the lower reservoir II 

to the upper reservoir III as shown in Figure 1 because power 

demand is low, but released to run back into the lower reservoir 

through the turbines to generate electricity in peak demand 

period by converting the stored potential energy into electricity. 

Consumption patterns of South Africa as shown in Figure 2 are 

used. There are basically two peak periods and two off-peak 

periods per day. This proposed system may be installed as a 

standalone plant, in a microgrid technology and at the same 

time may serve the main grid. 

 
Figure 2. Average South African household daily electricity 

consumption pattern [28]. 

PSH eliminates most adverse and environmental effects 

associated with large energy development projects [29]. The 

amount of energy that can be captured depends on the amount 

of water flowing per second (the flow rate) and the height from 

which the water falls (the head). Two main factors responsible 

for efficient and continuous generation of energy are: 

i. Flow rate, which is the quantity of water discharged or 

flowing past a point at a given time, measured in cubic 

metres per second (m3/s), 

ii. Head, this is the vertical height in metres (m) from the 

level where the water enters the penstock to the level 

where the water leaves the turbine section 

 

The controlling factor will be the number of working turbine 

per time. This is because, large quantity power cannot be stored 

and the main storage system is PSH. The task is now, how to 

compensate consumed power during pumping and have it 

delivered back during generation mode. 

 

The following facts should be mentioned about the system; 

i. This system is to model power generation using PSH. 

ii. The design is a Pico PSH. 

iii. It is controlled and ensures continuous generation. 

iv. The system is fully hydro generation i.e, a combination 

of conventional and PSH generation methods. 

v. The PSH system is powered by the hydro system to 

avoid the menaces of climatic impairments. 

 

Therefore, the following will be put into consideration; 

i. A flowing river of any discharge capacity since 

discharge can be increased. 

ii. Generation during peak hours will be the combination 

of both systems. 

iii. For this research the conventional method will be 

identified as ‘hydro plant’ while the other is PSH. 

iv. PSH is the controlling plant; it will release required 

energy to match demand as we know this system is to 

reduce energy waste during generation mode. 

v. PSH is chosen because of the advantage of quick 

response to energy need. 

vi. Generation at off peak will be hydro and certain 

addition from PSH. 

 

Plant I will power pumping mode at off peak, especially at night 

when demand is lowest which will be released at peak time. 

The design does not at this stage take into consideration some 

exact values of necessary parameters such as; the number of 

units, turbine type, and turbine rated speed, losses and net head. 

Other ones not specified in the calculations include, maximum 

turbine discharge, generator type, generator related speed and 

generator capacity. This is because PSH is not normally 

implemented at SHP level, this is a kind of a generic model to 

investigate the possibility of running a PSH of small capacity. 

Flowcode, a graphical programming tool developed to design 

complex electronic system as shown in Figure 3 and Proteus, a 

programming software that integrates perfectly microprocessor 

models and animated components which help in combine 

simulation of whole microcontroller related designs are used to 

develop control for the proposed plant. 
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Figure 3. Shortened Flowcode V5 flow control chart. 

 

Parameters used in the work were obtained from ICUE 

publication [30]. Matlab-Simulink is used to simulate the 

parameters and results were obtained. 

 

The output power at the hydro turbine of 80% efficiency = 

3.924 kW,flow = 0.05 m3/s, head = 10 m. 

 

The proposed design uses a non-reversible turbine of 80 % 

efficiency to generate power its PSH part and a separate pump 

efficiency is given as 85%; mathematical representation of the 

design is given in (1) and (2) below. 

 

𝑃𝑔 = 𝜌𝑤. 𝑔. 𝑄𝑔. 𝐻𝑔 . 𝜂                        (1) 

 

𝑃𝑝 =
𝜌𝑤. 𝑔. 𝑄𝑝. 𝐻𝑝

𝜂𝑡

                            (2) 

From equation 2, the below can be written.  

𝑄𝑝  = 𝑃𝑝. 𝜂/ 𝜌𝑤 . 𝑔. 𝐻𝑝                      (3) 

where 

Pg = rated generating power at PSH, 
ηt = turbine efficiency, 

ρw = density of water in kg/m3 

G = gravitational constant in m/s2 

Qg = rated generating flow in m3/s at the PSH 

Hg = rated generating head in m at the PSH = 5 m 

Pp = pumping power, 

Qp = pumping flow in m3/s 

ηp = pump efficiency, 

Hp = rated pumping head in m to III = 5 m 

HL = losses in the line pumping line to III in m. 

Firstly, there is need to design parameters like the diameter of 

the suction and the delivery pipes. Calculating the flow is the 

first approach. From Figure 2, the first peak is about one-third 

of the primary generation, 

 

Using test plant data, 

 

From Equation 3, 

𝑄𝑝 =      
1308∗0.85

1000∗9.8∗5
  = 0.022  𝑚3/𝑠  second peak is about two-

third of the primary generation, 

 

Qp = 0.022 m3/s while at 2.616 kW, Qp = 0.045 m3/s. 

 

Considering losses in the pipe, an average flow of 0.03 m3/s is 

achieved for the lifting of water from the lower reservoir to the 

upper reservoir. 

In 8hr pumping operation,  

Volume to be lifted = 0.03*3600*8 = 864 m3 

A pipe diameter that will account for losses not more that 10% 

hydraulic is selected, 

0.2 m for suction line and 0.15 m for delivery line. 

Surface area of suction pipe  

As = 
(0.22) ∗𝜋

4
= 0.03142 𝑚2                        (4) 

Surface area of delivery pipe  

Ad = 
(0.152) ∗𝜋

4
= 0.0177 𝑚2                               (5) 

But 𝑉 = 𝐴
𝑄

 

Therefore 𝑉𝑠 = 𝐴𝑠

𝑄
 = 

0.03

0.03142
 = 0.955 𝑚 𝑠          ⁄ (6) 

 

And also, 𝑉𝑑 = 𝐴𝑑

𝑄
 = 

0.03

0.0177
 = 1.7 𝑚 𝑠⁄  

 

To generate losses in the pumping mode, there is need to find 

the friction factor f using the values of Reynolds number Re and 

relative roughness 𝜀
𝐷⁄ .   The value of 𝜀  for a steel pipe = 

0.045*10-3 

𝜀
𝐷⁄ =  

0.000045

0.2
= 0.225𝑒−3 

 

Now calculating the Reynolds Re,  

Res = 𝑉𝑠 ∗ 𝐷𝑠/𝜗 

ϑ, kinematic viscosity of water at 20°C = 1.004𝑒−6 

Res = 0.955∗ 0.2/1.004𝑒−6 = 1.95𝑒5 

Red = 1.7∗ 0.15/1.004𝑒−6 = 2.54𝑒5 
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Using Moody’s diagram and confirming with Simulink 

fs = 0.015 

fd = 0.017 

Losses are calculated at the entrance, elbows, valve, pump, 

pipes (both suction and delivery) and at the exit. Details of this 

are not presented in this manuscript, but the values will be used 

in relevant calculations [31]. 

Major head losses hmajor 

𝑓 ∗
𝑙

𝐷
∗

𝑉2

2𝑔
(Ksuction + Kdelivery) 

 

𝑓𝑠 ∗
𝑙𝑠

𝐷𝑆
∗

𝑉𝑠2

2𝑔
+ 𝑓𝑑 ∗

𝑙𝑑

𝐷𝑑
∗

𝑉𝑑2

2𝑔
 

 

0.015*
3

0.2
∗

0.9552

2𝑔
+ 0.017 ∗

3

0.15
∗

1.72

2𝑔
 

0.006975 + 0.0833 

Minor head losses, hminor,  

= 
𝑉2

2𝑔
∗(Kentrance+ Kvalve+ 2Kbend+ Kexit) 

= 
𝑉2

2𝑔
∗[(0.5+ f*Lev

Dv
 +2*f∗ 𝐿𝑒𝑏

𝐷𝑏
+ 1)] 

For a gate valve,  f*Lev

Dv
= 0.019* 8 

For the two elbows, 2*f ∗ 𝐿𝑒𝑏

𝐷𝑏
 = 2*0.019* 30 

Total minor losses = 0.0232+0.0446+0.0838+0.0147 

 

 
 

Figure 4. Plant operation indicator at pumping mode. 

 
 

Figure 5. Plant operation indicator during PSH generation. 

 

 

 
 

Figure 6. Proteus plant operation indicator model for volume 

control showing the two floaters on. 

 

 

RESULTS AND DISCUSSION 

Considering Figure 2, unused electricity between the hours of 

23:00 to 05:00 and 12 noon to 16:00 is used to pump water from 

II to III at a flow rate of 0.03 m3/s for a minimum of 8 hours to 

allow adequate potential energy be stored in the upper reservoir 

III. With achieved total head of 5.3889 m, pumping mode will 

be able reserve 864 m3 of  water in III for generation between 

the hours of 06:00 to11:00 and also between 17:00 to 21:00. 

This can be sold at a higher price to compensate for the 

electricity loss during pumping activities.  

Between 23:00 to 05:00, an average electricity of 2.616 kW is 

used in lifting water to III, but between 12noon to 16:00 about 

1.308 kW of electricity is available for pump to lift water to III. 

At the peak period with full upper reservoir III, out of the 2.6 

kW used, 1.6kW is recovered, all within the isolated system. 

There is need to note that as the water level in III reduces during 

generation mode. Generated power also reduces until it reaches 

a height of 2 m with a generation of 0.66 kW. With no storage 

in place, generated power from plant I will be wasted, but the 

integration of PSH made it possible to recover the energy when 

needed at a higher economic value. Figures 4-6 shows 

Flowcode V5 and Proteus indicators showing the operation of 
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the system in the design. This will help the operator to know 

the working system per time and also easily prevent breakdown 

of the entire system. 

 

 

CONCLUSION 

PHS is a well-established technology for large-scale storage of 

electricity, its slow development has been due to a lack of 

topographically suitable locations and profitability. It has been 

identified as a major source for providing adequate electricity 

in developing countries either through conventional or pumped 

storage technology with topographically suitable locations, 

reducing investment cost thereby boosting long term 

profitability. A large percentage of SHP potential is untapped, 

which is a loss to society, most especially in Sub-Sahara Africa 

developing countries. The resources are enormous enough to 

provide needed electrical power to make life better, especially 

for people living in poor urban or rural areas in Africa. There 

will be an economy boost in developing these resources, 

therefore, need to involve private investors to participate in the 

development of the resources is vital. 

There is also a ready market for generated power, as policies 

are on ground to encourage investors to explore hydro projects. 

Other renewable energy sources can be integrated to upgrade 

the generation and consumption into a smart grid system. With 

the introduction of PV, upper reservoir size may not be as wide 

as it was PSH only because PV will still supply power during 

the day, which is also the peak period while at night which is 

off peak PSH can be introduced for the required power need. 

This mitigates the intermittent nature of renewable energy 

generation. Availability of solar radiation in Africa is enormous 

and PHS is a well-established technology for large-scale 

storage of electricity. Its development in Africa means its 

domestic potential is yet to be exhausted. 

 

 

ACKNOWLEDGEMENTS 

We acknowledge the support of the HVDC /Centre for 

Engineering Postgraduate Studies (CEPS) and Green Energy 

Solution research group of the University of KwaZulu-Natal. 

The data used in this paper was extracted from ICUE 

publication authored by Nalubega,T, Da Silva, I, Okou, R, and 

Abbo, M. Z. 

 

 

REFERENCES 

 

[1] O. Paish, "Small hydro power: technology and current 

status," Renewable and Sustainable Energy Reviews, 
vol. 6, pp. 537–556, 2002. 

[2] G. M. Montes, M. del Mar Serrano López, M. del 

Carmen Rubio Gámez, and A. M. Ondina, "An 

overview of renewable energy in Spain. The small 

hydro-power case," Renewable and Sustainable 
Energy Reviews, vol. 9, pp. 521-534, 2005. 

[3] IRENA., "Smart Grids and Renewables: A Guide for 

Effective Deployment," International Renewable 

Energy Agency, IRENA Office, P.O. Box 236, Abu 

Dhabi, United Arab Emirates2013. 

[4] M. A. Tilahun, "Feasibility Study of Pumped Storage 

System for Application in Amhara Region, Ethiopia," 

Master of Science Thesis, vol. Department of Energy 

Technology, Division of Heat and Power Technology, 

Royal Institute of Technology Stockholm, Sweden., 

2009. 

[5] Libya, "Hydropower Resource Assessment of Africa," 

Ministerial Conference on Water for Agriculture and 
Energy in Africa:The challenges of climate change, 
pp. 7-34, 15-17 December 2008 2008. 

[6] G. Baidya, "Development of Small Hydro," pp. 34-43, 

October 12-13, 2006 2006. 

[7] C. J. Yang and R. Jackson, "Opportunities and barriers 

to pumped-hydro energy storage in the United 

States.," Renewable and Sustainable Energy Reviews 
2011;, vol. 15, pp.:839-844, 2011. 

[8] P. Buchana and T. S. Ustun, "The Role of Microgrids 

& Renewable Energy in Addressing Sub-Saharan 

Africa’s Current and Future Energy Needs," presented 

at the IEEEE International Renewable Energy 

Congress (IREC), Sousse, Tunisia, 2015. 

[9] J. P. Murenzi and T. S. Ustun, "The Case for 

Microgrids in Electrifying Sub-Saharan Africa," 

presented at the IEEEE International Renewable 

Energy Congress (IREC), Sousse, Tunisia, 2015. 

[10] ESKOM, "Pumped Storage Hydroelectric schemes 

and water transfer," Generation Communication HY 
0001 Revision 3 August 2010 2010. 

[11] F. Louwinger, "Case study of Ingula and Lima 

Pumped Storage Schemes," Energize, vol. 

Generation: Hydropower plants, pp. 40-44, 2008. 

[12] VOITH HYDRO, "Pumped Storage machines- 

harnessing the power of water with engineered 

reliability," Voith hydro technical release, june, 2009 

2009. 

[13] P. Kádár, "Pumped Storage Hydro Plant model for 

educational purposes," Budapest Tech, Dept. of Power 
Systems Bécsi u. 94. Budapest H-1034 HUNGARY, 
2007. 

[14] K. Azevedo, R. Demars, T. Gomez, and P. Kumar, 

"Pumped Storage Hydroelectricity," in Design 
manual HW2: Planning Your Simulation-Based 
Design Study ME6105, ed, 2011, pp. 1-11. 

[15] F. L. Inambao and S. A. O. Ilupeju, "A Review of 

Renewable Energy in Africa: The Relevance of Small 

Hydro-Power," in Proceedings of the 13th Biannual  
Botswana Institution of Engineers Conference, 

Gaborone, Botswana., 2013, pp. 253-260. 

[16] B. Richard, "Pico Hydro Power in Uganda," P. o. R. 

E. a. E. E. Programme, Ed., ed. Coordinator Rural 

Electrification, PREEEP Deutsche Gesellschaft für 

Internationale Zusammenarbeit (GIZ) GmbH P.O. 

Box 10346, Kampala, Uganda, 2011, pp. 1-2. 

[17] D. Katsaprakakis, D. G. Christakis, A. Zervos, D. 

Papantonis, and S. Voutsinas, "Pumped storage 

systems introduction in isolated power production 

systems," Renewable Energy vol. 33, pp. 467–490, 

2008. 

[18] J. S. Anagnostopoulos and D. E. Papantonis, 

"Simulation and size optimization of a pumped–



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 2 (2017) pp. 216-223 

© Research India Publications.  http://www.ripublication.com 

223 

storage power plant for the recovery of wind-farms 

rejected energy," Renewable Energy, vol. 33, pp. 

1685–1694, 2008. 

[19] S. Bjarne, "Prospects for pumped-hydrostorage in 

Germany  " Energy Policy, vol. 45, pp. 420–429, 

2012. 

[20] M. Kapsali, J. S. Anagnostopoulos, and J. K. 

Kaldellis, "Wind powered pumped-hydro storage 

systems for remote islands: A complete sensitivity 

analysis based on economic perspectives," Applied 
Energy, vol. 99, pp. 430–444, 2012. 

[21] G. Krajacic, D. Loncar, N. Duic, M. Zeljko, R. L. 

Arántegui, R. Loisel, et al., "Analysis of financial 

mechanisms in support to new pumped hydropower 

storage projects in Croatia," Applied Energy 2012. 

[22] B. M. Taele, L. Mokhutsoane, and I. Hapazari, "An 

overview of small hydropower development in 

Lesotho: Challenges and prospects," Renewable 
Energy, vol. 44 pp. 448-452, 2012. 

[23] A. Akpinar, "The contribution of hydropower in 

meeting electric energy needs: The case of Turkey," 

Renewable Energy, vol. 51 pp. 206-219, 2013. 

[24] M. Hessami and D. R. Bowly, "Economic feasibility 

and optimisation of an energy storage system for 

Portland Wind Farm (Victoria, Australia)," Applied 
Energy vol. 88, pp. 2755–2763, 2011. 

[25] L. Dinglin, C. Yingjie, Z. Kun, and Z. Ming, 

"Economic evaluation of wind-powered pumped 

storage system," Systems Engineering Procedia, The 
2nd Economic evaluation of wind-powered pumped 
storage system. International Conference on 
Complexity Science & Information Engineering, vol. 

4, pp. 107 – 115, 2012. 

[26] ALSTOM, "Hydro Pumped Storage Power Plant:The 

concept behind hydro pumped storage," vol. 

POWER/BPROB/HDPSTR09/eng/HYD/12.09/FR/7

033 © ALSTOM, pp. 1-12, 2010. 

[27] F. Mohamed, "Hydronet: a standardised methodology 

for pumped-storage power plant by Ecole 

Polythechnique Federale de Lausanne," 04 03 2009 

2009. 

[28] ESKOM., "Homeflex Tariffs," ESKOM, Ed., ed. 

Pretoria, 2012, p. 49. 

[29] Hawaii, "Hawaii Renewable Energy Development 

Venture Technology Assessment,," Micro-
Hydropower Systems: A Buyers Guide, Natural 
Resources Canada, 2004. 

[30] T. Nalubega, I. Da Silva, R. Okou, and M. Z. Abbo, 

"Analysis of induction generator controller techniques 

for pico hydropower a case study of a 3kw pico 

hydropower scheme in Kasese, Western Uganda," in 

Industrial and  Commercial Use of Energy, Cape 

Town, 2014, pp. 1-9. 

[31] S. A. O. Ilupeju, "Design, modelling and optimisation 

of an isolated small hydropower plant using pumped 

storage hydropower and control techniques," PhD, 

Mechanical Engineering, University of KwaZulu-

Natal, Durban, 2015. 

 


