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With the rise in fuel prices as well as energy cost, hy-
droelectric power is the best alternative for energy 
generation in rural industries and villages. Small hy-
dropower (SHP) is the largest and oldest source of re-
newable energy which converts the energy of flowing 
water into electricity. Small hydroelectric power is  
entering this field for improving and saving energy in 
several developing countries through the use of pump 
in reverse mode as hydraulic turbine; pump as tur-
bine (PAT). It is one of the best alternatives that could 
meet energy needs by providing electricity in villages 
and rural settlements as Southern Africa is endowed 
with a huge untapped SHP energy potentials. In this 
study, the importance of PAT energy generation for 
sustainable power, based on its capacity to provide 
electricity to the rural communities along with contri-
buting to the national grid towards alleviating serious 
shortage of electricity within Southern African conti-
nent, has been discussed. This paper discusses the po-
tentials and the need for SHP development sites in 
Southern Africa.  
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ENERGY contributes a great deal in many areas of life as 
well as business and serves as a key for a country’s deve-
lopment. The world’s electricity supply contributes about 
20,053 Twh of installed energy, with about 16% of hy-
dropower in many major countries generating electricity1. 
The advantages of using pump as turbine (PAT) in prefe-
rence to micro hydropower turbines was outlined by 
Agarwal2. Hydro turbines could potentially be used to re-
cover hydraulic energy dissipated in the hydro turbines 
network. However, this solution is usually quite extensive 
and complicated to implement in an existing city net-
work. Another solution is the water network3–5 after ap-
plying the pump, and turning it into the form of a turbine, 
commonly referred to as PAT. The pump is a fairly sim-
ple machine, cheap (equated to hydro turbine), readily 
available in the market. Choosing a commercial pump for 
PAT6 has always been not an easy task because manufac-
turers do not provide PAT operating curves. Hence stu-
dies on PAT depend on the development of inverse 
process prediction model of centrifugal pumps7–9. These 

techniques are mostly built on geometry, theory and  
experimental analysis10. Africa’s hydropower investment 
channel highlights the potential for renewable energy ex-
pansion across the continent. Thus hydroelectric power is 
an appealing investment in Africa due to this huge poten-
tial. Most of the fastest-growing economies globally, are 
found in the resource-rich African continent. Faster eco-
nomic growth in the region is because of increased com-
modity prices. However, access to modern energy is 
minimal in the region, where over 600 million people live 
without any access to modern energy especially those in 
the rural areas. The Democratic Republic of the Congo 
has a large part of Africa’s stated potential. Africa cur-
rently carries 40 hydropower projects, of which nine are 
located in the Democratic Republic of the Congo in addi-
tion to the two largest plants, Inga I (354 MW) and Inga 
II (1,424 MW). The Zambezi river is the most important 
resource of hydropower and the terrain of Zambia dwell 
in a larger portion of the river basin, i.e. 41%, compared 
to the other seven riparian countries. Zambia has reached 
a hydropower installed capacity of 2,257 MW, based on 
the accomplishment of the upgraded Lunzua station 
(14.8 MW) in 2014, representing about 94% of the total 
energy mix of the nation11. The total highest small hydro-
power (SHP) is located in the Eastern African region with 
a total potential of 6,759 MW. With only 216 MW in-
stalled capacity, Western Africa has the second highest 
SHP potential in the continent with 3,113 MW, yet the 
second lowest in installed capacity with only 86.1 MW, 
representing only 3% of the total potential. The Middle 
African region, on the other hand, has the largest amount 
of undeveloped SHP potential. Northern Africa has insuf-
ficient potential of 225 MW, being one of the lowest in 
the world, with 112 MW already developed. Africa’s 
SHP can be considered as having a comparatively low 
level of installed capacity but with high capability for  
development. The total SHP potential is estimated at 
12,197 MW with an installed capacity of 580 MW. This 
indicates that only about 5% of the potential has been de-
veloped. Figures 1 and 2 show the share of SHP installed 
capacity in Africa (%) and SHP potential and installed 
capacity by regions in Africa12. 
 The need for the development of small hydroelectric 
power stations in Southern African countries is also 
more. Pump as the turbine is an alternative used to assist 
in planning a strategy for developing SHP in rural areas 
in the region. The region is economically under-deve-
loped, having few indigenous industries and poor roads. 
Many areas either have no electricity or are served by the 
existing old large hydropower plants supported by expen-
sive gas and diesel generated power plants. Energy short-
age is a growing economic and social limitation. Limited 
access to electricity is currently a significant constraint to 
sustained economic growth across the African continent. 
In Southern Africa, electricity is scarce13. About two-
thirds of the population, i.e. almost 600 million people 
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are without access to electricity because of limited infra-
structure for power generation. This lack of modern ener-
gy services poses a serious threat to the educational 
opportunities, economic growth as well as to the health of 
the people especially school children. Those without elec-
tricity often use polluting and expensive lighting sources 
such as kerosene lamps or candles, the fumes of which 
can cause severe health problems14. Mozambique, on the 
other hand, has an installed electricity capacity of 
2.308 GW. The largest hydro potential in the country is  
 
 

 
 
Figure 1. Share of installed small hydropower capacity in Africa  
(%). 
 
 

 
 

Figure 2. SHP potential and installed capacity by regions in Africa. 
 
 
 

 
 
Figure 3. Potential and installed SHP capacities by countries in 
Southern Africa12. 

depend on the Zambezi river basins Cahora Bassa North 
and Mphanda Nkuwa. About 80% of electricity in Swa-
ziland comes from South Africa with the rest 20% gener-
ated from hydropower. Southern African SHP is 
dominated by South Africa, which covers 80% of the re-
gion’s combined installed capacity and 63% of the esti-
mated potential. But, SHP potential is limited in the 
region. The combined installed capacity of the region is 
62.5 MW out of a total potential of 392 MW which shows 
that only 16% has been developed so far. Figure 3 shows 
the potential and installed SHP capacities (MW) by coun-
tries in Southern Africa15–17. 
 A centrifugal pump with six blades was selected for the 
study. The design parameters and rating of the hydraulic 
specifications of the model centrifugal pump are given in 
Table 1. 
 The turbulence selected was the k–ε model with advec-
tion scheme set to high resolution. The fluid selected was 
ideal water at 25°C. The entire wall surface roughness 
within the control volume was set to 50 μm. The inlet and 
outlet boundary conditions were set to static pressure  
inlet and mass flow rate outlet. By changing the mass 
flow rate, performance curves of both the pump mode and 
PAT were acquired. As the motion of the impeller blades 
relative to the stationary volute was central to the investi-
gation, the volute and outlet pipe were set in a stationary 
frame and the impeller was set in a rotary frame. The in-
terfaces between the two stationary components, rotary 
and stationary, were set to the general grid and rotor-
stator interface respectively. The boundary condition was 
set using the ‘Boundary’ icon  on the toolbar. The in-
let and outlet boundary conditions were set by providing 
1 atm total pressure on the casing inlet surface and variable 
mass flow rate on the impeller outlet surface respectively.  
 
 

Table 1. Parameters of the model centrifugal pump 

Suction diameter (D1)  50 mm Flow rate (Qd) 25 m3/h 
Impeller out diameter (D2) 160 mm Head (Hd) 32 m 
Impeller out width (b2) 6 mm Efficiency η 56% 
Blade inlet angle (β1) 24 
Blade outlet angle (β2) 30 
Water temperature (T) 298.15 K Specific speed (ns) 47 
Motor power (P)  3 kW Motor speed (n) 2900 r/min 

 

 
 

Figure 4. a, Complete PAT model; b, impeller; c, front chamber. 
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Figure 5. Performance prediction of different rotational speeds in PAT mode (a) head, (b) efficiency. 
 

 

 
 

Figure 6. Three-dimensional static pressure distribution for PAT model at different rotational speeds @ n = BEP. 
 
 
Five per cent medium turbulence intensity for the inlet 
conditions was considered. A mesh independent analysis 
was performed and the results showed that when the 
mesh size was smaller than 1.65, trivial changes  
occurred in the head and efficiency of the pump. As a re-
sult, mesh size of 1.65 was selected for creating the com-
putational domain, bearing in mind the structure of the 
applied computing, for which Figure 4 shows the mesh of 
the impeller and volute of the PAT18. 
 Several numerical simulations were conducted at dif-
ferent rotational speeds between 750 and 2500 rpm with 
an interval of 250 rpm each in both pump mode and in 
reverse mode as PAT, using the selected centrifugal 
pump with six blades, an inlet and outlet impeller with a 
diameter of 50 and 160 mm respectively. The aim was to 

assess the operating range where PAT could effectively 
perform with adequate efficiency to convert fluid power 
into mechanical energy. The performance was tested at 
different rotational speeds since the variation of speed  
was essential for studying PAT performance at several 
flow rates and head (Figure 5 a). It was observed that the 
maximum efficiency from PAT was @ Q = 17.5 and rota-
tional speed of 1500 rpm. Each flow condition was  
analysed at the best efficiency point (BEP) (Figure 5 b).  
 Figure 6 shows the static pressure distribution of six 
impeller blades under different rotational speed condi-
tions of numerical simulation @ Q = BEP, from which 
the performance changes are shown. The dynamic pres-
sure generated by the rotation of the impeller is converted 
into a static pressure in the volute, so the maximum static 
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Figure 7. Three-dimensional absolute pressure distribution for PAT model at different rotational speeds @ n = BEP. 
 
 

 
 

Figure 8. Relative velocity distribution at impeller mid-spans for PAT at different rotational speeds @ n = BEP. 
 
 
pressure appears at the inlet pipe. It can be observed that 
a higher pressure exists at the inlet pipe at all operational 
conditions. However, as rotational speed increases, pres-
sure steadily increases from the suction side to the trail-
ing edge and becomes higher at the trailing edge with low 
pressure recorded at the suction chamber. Also, as the  
rotational speed increases, pressure in the suction pipe 
gradually reduces as shown in Figure 6 with n = 1500 rpm 
recording the maximum pressure.  
 Figure 7 represents the graphical presentation of abso-
lute pressure of PAT impeller under different rotational 
speed working conditions at the BEP. For easy analysis, 
the impeller blades have been labelled 1–6 according to 
the direction of impeller rotation. The results show that 
maximum pressure is located at the trilling edge than the 

suction side at all conditions. However, n = 1250 rpm 
shows the highest pressure as seen in Figure 7 and the 
blade labelled 3 has the highest pressure at the trailing 
edge. Nevertheless, as the rotational speed increases pres-
sure also increases. It can be observed that pressure 
increases steadily from the leading edge to the trailing of 
the impeller as fluid enters the suction chamber of the 
impeller due to flow acceleration and blade–tongue 
interaction. This shows that n = 1250 as the BEP will be 
appropriate to be used as PAT for power generation.   
 Figures 8 and 9 show the relative and absolute veloci-
ties of selected PAT under different rotational speed con-
ditions at the BEP. As shown in Figure 8, the velocity at 
the pressure side of the impeller blade is higher than that 
of the suction side due to velocity slip. Relative velocity 
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Figure 9. Swirl plots coloured by absolute velocity for PAT model at different rotational speeds @ n = BEP. 
 
 
at the outlet of impeller passage located in front of tongue 
centrifuge is larger. This is due to the impact of fluid into 
the volute tongue, resulting in a larger relative velocity; 
at different rotational speeds @ Q = BEP. Comparing the 
results, it can be observed that the relative velocity distri-
bution is most uniform and smooth at all rotational condi-
tions. Though recirculation occurs at the pressure surface 
of the middle blade, the velocity direction of the inlet and 
outlet remains uniform along the blade. As rotational 
speed increases, velocity slowly decreases. The axial ve-
locity increases, and closer the flow is to the wall, the 
more clearer the increase becomes, and even the reflux 
appears on one side of the wall. At the rotational speed 
n = 1500 rpm, velocity increases steadily which makes 
the proportion of mainstream area small and disturbs the 
normal flow. The recirculation swirl enters the outlet 
pipeline and even blocks the flow passage, causing a sub-
stantial increase in energy. With the increase of rotational 
speed, the swirl becomes more and more influential. At 
n = 1500 rpm, the swirl appears to be more in the dis-
charge pipe. The influence range of recirculation increas-
es and extends to the inlet of the blade which has high 
interference to the flow. The swirl effect existing in the 
inlet pipe of the PAT becomes higher for increasing rota-
tional speed. However, at n = 1500 rpm Q = BEP, an uni-
form flow behaviour exists in the suction pipe and 
regardless of this swirl occurrence, it becomes stable and 
faster than the remaining two rotational speed conditions 
as shown in Figure 9. The swirl at the impeller eye region 
is caused by acceleration at the leading edge along with 
the impeller movement. 
 This study provides information on PAT for SHP gen-
eration to overcome electricity crisis in Southern African 
continent especially in rural areas using PAT. An over-
view of SHP potentials in the region has been discussed 
as well as the need for its development through the use of 
PAT. Several countries have employed PAT for SHP 
generation in their power stations. It is therefore recom-
mended to be used due to its easy operation and minimal 
cost for both construction and maintenance. This paper 

focuses on SHP as a solution to Southern African energy 
crisis since the use of PAT can help overcome the emerg-
ing challenges and promote economic growth in the  
region. The results from this study revealed that velocity 
at the pressure side of the impeller blade was higher than 
the suction side velocity due to velocity slip. Relative  
velocity at the outlet of impeller passage located in front 
of tongue centrifuge was larger. This is due to the impact 
of fluid into the volute tongue, resulting in a relative 
larger velocity; at different rotational speeds @ Q = BEP. 
Also, swirl at the impeller eye region is caused by accele-
ration at the leading edge along with the impeller move-
ment. At the rotational speed n = 1500 rpm, velocity 
increased steadily which makes the proportion of main-
stream area small and disturbs the normal flow. The re-
circulation swirl enters the outlet pipeline and blocks the 
flow passage, causing a steep increase in energy. 
 The governments and energy sector management or-
ganizations within the region should develop additional 
SHP stations using PAT to provide electricity for rural 
settlements and areas without energy access. They are al-
so required to participate in the current programmes of 
capacity building development of PAT for electricity 
supply. 
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