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Abstract: This research focuses on generating electrical energy using a power plant that employs pump
as turbine technology.The installation involves eight pumps operating in parallel,with the efficiency
calculated under various conditions by altering parameters such as head, flow rate, and output pressure.
The performance curve for the pump as turbine was created for a centrifugal pump model 250-33.The
design was conducted for three scenarios: normal (full capacity), average (neither full nor low capacity),
and finally for a minimal (low capacity) water level in the reservoir. These three scenarios were also
analyzed under three different output pressures: 1.5 bar, 2.5 bar, and 3.5 bar. The results indicated that
in the optimal condition, the efficiency of the pump as turbine would reach 83%. The maximum power
extracted from the plant was calculated to be 947.312 kW. The electrical energy generated over 345
days, operating continuously for 24 hours, amounted to approximately 9335468.16 kWh.

Keywords: Power plant, Hydroelectricity, Pump as turbine, Turbine, Renewable energy.

Introduction:The world is gradually heading toward a severe energy crisis, as energy demand is exceeding supply.
Humans have realized that daily-used energy is not infinite, yet often take it for granted—overlooking the finite
nature of oil, gas, electricity, and even accessible water. The rising demand and limited availability of energy
resources have led to increased prices(Manieniyn, Thambiduri, and Selvakumar,2009). Energy remains a vital
component of economic infrastructure. The integration of renewable sources such as hydro, wind, solar, tidal, and
biogas has transitioned electricity generation toward cleaner, cost-effective technologies. Hybrid systems
combining hydro and wind power enhance energy value and improve water resource flexibility(Shahinejad and
Kakavand, 2016; Gondhali et al, 2020). The water-energy nexus is essential for sustainable development(Walker,
Lv, and Masanet, 2013; Chen, and Chen, 2016; Jiang, Wang et al, 2016). Large-scale hydropower has declined in
developed nations due to environmental impacts and depleted water sources. This has shifted focus toward small-
scale hydropower, especially in remote areas. Pumps as turbines (PATs) have emerged as a low-cost alternative to
traditional turbines, with easy maintenance and broad availability(Chapallaz, Eichenberger, and Fischer, 1992;
Liu, Tan, and Cao, 2019). Centrifugal pumps operating in reverse can recover energy efficiently(Gtilich, 2010).
This unconventional approach is gaining traction in mechanical and energy engineering(Kusakana, 2014). PATs
are increasingly adopted in small hydro plants to replace expensive hydraulic turbines(Pourrajabian, Hamekhani,
Fatahi, Dehghan, and Rahgozar, 2018; Nejadali, 2021). However, manufacturers often do not provide performance
curves in turbine mode, posing a key challenge(Williams, 1994; Barbarelli et al, 2016). This study designs a small
hydropower plant using PAT technology for the Shahrchai Dam in Urmia, Iran. It analyzes its performance across
three water levels using both maximum and minimum output scenarios, highlighting the potential of PATs in
enhancing clean energy production aligned with sustainable economic goals.

Methodology: In recent years, the growing global demand for energy, coupled with the depletion of fossil fuel
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resources, has increased the focus on renewable energy sources(Manieniyn, Thambiduri, & Selvakumar,2009;
Shahinejad and Kakavand, 2016; Gondhali et al, 2020). Electricity generated from renewables such as water, wind,
and solar is considered a sustainable and cost-effective solution(Shahinejad and Kakavand, 2016; Gondhali et al,
2020). A novel approach in hydropower generation involves using pumps as turbines (PAT) (Chapallaz,
Eichenberger, and Fischer, 1992; Liu, Tan, and Cao, 2019), where centrifugal pumps operate in reverse mode to
convert hydraulic energy into electricity(Giilich, 2010). This method is gaining attention, especially in developing
countries, due to its low cost, ease of maintenance, and wide availability of components(Kusakana, 2014;
Pourrajabian, Hamekhani, Fatahi, Dehghan, and Rahgozar, 2018; Nejadali, 2021).

This study presents the design and performance analysis of a small-scale hydropower plant using PAT technology,
intended for installation on the drinking water transmission line of Shahrchai Dam in Urmia, Iran. The proposed
system includes eight pumps arranged in parallel. Its operation was evaluated under three hydrological scenarios
(wet, normal, and dry years) and at three different outlet pressures (1.5, 2.5, and 3.5 bar). The results demonstrated
that the pump as turbine efficiency could reach up to 83%. The maximum power output was calculated to be
947.312 kW, with an estimated annual energy production of 9,335,468.16 kWh under optimal 24-hour operation
for 345 days. The generated electricity can supply the local facilities and also be connected to the national grid.
PAT technology represents a promising and economical alternative for enhancing renewable energy production
and effectively utilizing existing hydraulic infrastructures.

Results and Discussion: The objective of this study is to optimize the use of the water transmission line from
Shahrchai Dam in Urmia for hydroelectric power generation.As shown in Eqgs (1)-(12), Figs. 1 and 2 and Table 1
Initially, the system curve and the head-discharge curve of the power plant were calculated using hydraulic
equations and dam data. As shown in Eq (13), Figs. 2-4, after selecting a suitable pump from the catalog, the
pump-turbine's performance in both turbine and pumping modes was analyzed, and curves for head-discharge,
power-discharge, and efficiency were plotted.As shown in Figs. 5-8, The power plant includes eight pump-turbines
operating in parallel. Key variables such as the dam water level and the outlet pressure to Urmia’s Water Treatment
Plant No. 2 were analyzed for their effects on flow rate, output power, and overall efficiency. As shown in Tables
2-8, results showed that under various conditions (high flow, average, and drought) and different outlet pressures,
the plant could generate power with over 80% efficiency across a wide range of flows. The parallel operation of
turbines allows flexible power regulation and improved efficiency.The working point of the system is determined
by the intersection of the system curve and the head-discharge curve. Using the Darcy-Weisbach equation, the
total head loss was calculated, and with known dam elevation, turbine installation level, and outlet pressure (2.5
bar), the design head was estimated at 34.5 meters. Each turbine's flow rate was found to be 0.32 m3/s, and the
specific speed was 59.6 rev/min.By applying conversion factors between pump and turbine modes, design
variables were adapted for catalog selection. The chosen pump (model 250-33 by Pumpiran) operates at 1450
rev/min. Converting pump performance data to turbine conditions and estimating maximum/minimum conversion
coefficients, the turbine’s operational limits were defined.Comprehensive calculations and data showed that the
plant operates efficiently with variable flow conditions and number of turbines in operation. For example, at 2.5
bar outlet pressure, annual energy production ranges from 0.7 to 9.3 MWh depending on water availability. When
outlet pressure is increased or decreased (1.5-3.5 bar), the head and flow characteristics change, affecting power
output and efficiency.The system’s modular design allows operation from 1 to 8§ turbines, adapting to seasonal
variations in water demand. Even under low-flow or high-pressure scenarios, the plant maintains a performance
efficiency above 80% in most configurations, demonstrating the viability and flexibility of using pump-turbines
for energy recovery from water transmission systems.

Conclusion: Pumps are among the most widely used turbomachines in both industrial and domestic applications.
Improving their efficiency and optimizing their performance can significantly reduce energy consumption.
Centrifugal pumps, in particular, are commonly used in water facilities and are also applicable as pump-turbines.
The primary objective of this study is to design a pump-turbine hydroelectric power plant for the Shahrchai Dam
in Urmia. Using pump-turbine equations, key operational parameters were calculated. Design charts were then
developed, and a suitable pump model (the 250-33 single-suction volute pump) was selected from the Pumpiran
company catalog. The power output from eight parallel pump-turbines was subsequently estimated. The results
indicate that the energy of water in transmission pipelines can be effectively recovered and converted into valuable
electrical energy without environmental pollution, unlike thermal power plants. Additionally, operating pump-
turbines in parallel allows for flow regulation and enables the system to function as a pressure-reducing valve.

© 2023 University of Zabol, Zabol, Iran.
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Table 1 Spacifications Of Shahrchay Dam In Urmia

Spacifications Value
Normal Water Level 1580m
Average Water Level 1571.5m

Minimum Water Level 1563.7m
Turbine Elevation 1508m
Pipe Flow Rate 2.54 m3s-1
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Fig. 6 Average Maximum And Minimum Head-Flow Curve At 2.5 Bar Outlet Pressure
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Table 2 Results Of Minimum Water Level At 2.5 Bar Outlet Pressure

Total Flow rate of Head of Power of Total Annual .
. Efficiency
No flow each pump each pump  each pump power production (%)
(m3s-1) (m3s-1) (m) (kw) (kw) (kw.h) ¢
1 0.34 0.34 30.5 84.64 84.64 700819 82
2 0.68 0.34 30.2 82.53 165.07 1366813 81.7
3 1.02 0.34 30 81.55 244.65 2025702 81.5
4 1.35 0.33 29.7 79.84 319.38 2644500 81.2
5 1.65 0.33 29.1 75.96 379.84 3145034 80.3
6 1.99 0.33 28.9 75.49 452.94 3750343 80.3
7 2.29 0.32 28.2 71.6 501.2 4149936 79.15
8 2.59 0.32 27.9 68.24 545.92 4250218 77.2
79 ll JLad L VIO ol (oSl Sl @l ¥ Jgu
Table 3 Results Of Average Water Level At 2.5 bar Outlet Pressure
Total flow Flovlvl rate of Head of Power of Total power Annual Efficiency
No. (m3s-1) each pump each pump each pump (kw) production %)
(m3s-1) (m) (kw) (kw.h) ¢
1 0.39 0.39 383 119.07 119.07 985900 81.9
2 0.77 0.38 38 118.11 263.22 1955902 82.5
3 1.15 0.38 38 118.4 354.9 2938572 82.5
4 1.53 0.38 375 116.21 464.84 3848875 82.7
5 1.90 0.38 37.14 114.86 574.3 4755204 82.75
6 2.27 0.37 36.9 113.29 679.74 5628247 82.8
7 2.63 0.37 36.1 110.52 773.64 6405739 83
8 2.98 0.37 35.9 109.03 872.24 7222147 83
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Table 4 Results Of Normal Water Level At 2.5 Bar Outlet Pressure
Total flow  FloW rate of Head of Power of Total Annual
No (m3s-1) each pump each pump each pump power production  Efficiency
(m3s-1) (m) (kw) (kw) (kw.h) (%)
1 0.43 0.43 46.9 153.13 153.13 1267883 77.4
2 0.85 0.42 46.5 151.15 302.3 2503061 77.6
3 1.28 0.42 46 149.94 449.82 3724510 78
4 1.69 0.42 45.6 148.16 592.64 4907059 78.3
5 2.10 0.42 45.6 146.07 730.04 6044723 78.6
6 2.50 0.41 443 143.70 862.25 7139413 79.3
7 2.89 0.41 43.5 140.46 983.25 8141293 79.7
8 3.28 0.41 43.8 140.93 1127.5 9335468 80
—— Average resisance curve —— Full of water resistance curve
—=— Low water resistance curve --eeokeeee- Average 1 turbine
''''' -+ Average of 2 turbines -----+- Average of 3 turbines
55 T Average of 4 turbines ---a&--- Average of 5 turbines
---e--- Average of 6 turbines ---m--- Average of 7 turbines
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Fig. 7 Average Maximum And Minimum Head-Flow Curve At 3.5 Bar Outlet Pressure
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Table 5 Results Of Normal Water Level At 3.5 Bar Outlet Pressure

Flow rate of Head of Power of each Annual .
Total flow Total power . Efficiency
No. (ms) each p%lmp each pump pump (kw) production (%)
(m3s!) (m) (kw) (kw.h)
1 0.38 0.38 37 113.79 113.79 942181.20 82.5
2 0.75 0.37 36.5 112.09 224.18 1856210 82.6
3 1.13 0.37 36 110.10 330.30 2734884 82.7
4 1.49 0.37 36 109.23 436.92 3617698 82.7
5 1.85 0.37 35 105.44 527.20 4365216 83
6 2.21 0.36 35 104.87 629.22 5209942 83
7 2.55 0.36 34 100.76 705.36 5840455 83
8 2.88 0.36 33.5 98.07 784.61 6496620 82.9
sz bl [Lad )L YID sl oSl 515 s # Jguer
Table 6 Results Of Average Water Level At 3.5 Bar Outlet Pressure
Number M1 ym3s-1 ( (m) (kw) (kw) (kw.h) (o)
1 0.33 0.33 28.5 73.81 73.81 611146.80 80
2 0.65 0.32 28 71.78 143.56 1188677 79.8
3 0.97 0.32 28 71.27 213.81 1770347 79.6
4 1.29 0.32 27.7 67.65 270.60 2240568 77.2
5 1.60 0.32 27.2 65.99 329.95 2731986 76.9
6 1.92 0.32 27 64.84 389.04 3221251 76.5
7 222 0.31 27 63.81 446.67 3698428 76
8 2.52 0.31 26.5 61 488 4040640 74.5
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Fig. 8 Average Maximum And Minimum Head-Flow Curve At 1.5 Bar Outlet Pressure
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Table 7 Results Of Average Water Level At 1.5 Bar Outlet Pressure

Flow rate of Head of Power of each Annual .
No. Total flow each pump each pump pump Tota:(power production Efﬁ‘c)}ency
1 0.43 0.43 48 157.38 157.38 1303106 76.73
2 0.87 0.43 4.10 157.71 31542 2611678 76.73
3 1.30 0.43 47.50 155.15 465.45 3853926 76.90
4 1.73 0.43 47.50 155.18 620.72 5139562 77
5 2.14 0.42 47 153.92 769.60 6372288 78
6 2.56 0.42 46.50 151.76 910.56 7539437 78.10
7 2.97 0.42 46 149.81 1048.67 8682988 78.30
8 3.37 0.42 45 146.41 1171.28 9698198 78.50
Ta> ks LV @l JBlos 5l s A Jeus
Table 8 Results Of Minimum Water Level At 1.5 Bar Outlet Pressure
Total flow Flow rate of Head of Power of each Total power Annuz}l Efficiency
No, (m3s-1) each pump each pump pump (kw) production (%)
(m3s-1) (m) (kw) (kw.h)
1 0.39 0.39 40.50 128.97 128.97 1067872 81.10
2 0.79 0.39 40.60 128.71 257.42 2131438 81.30
3 1.18 0.39 40 125.68 377.04 3121891 81.50
4 1.57 0.39 39 122.54 490.16 4058525 81.50
5 1.95 0.39 38.50 120.34 601.70 4982076 81.70
6 2.32 0.38 38.10 118.44 710.64 5884099 82.10
7 2.69 0.38 37.90 117.78 824.46 6826529 82.50
8 3.04 0.38 37 114.06 912.48 7555334 82.7
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5- List of symbols

hy (m)

f
L (m)
D (m)
v (m.s!)
g (m.s?)
h¢ (m)
hy (m)
h; (m)
qnp
(m’s)
Ant
(m’s)
cn ()
Cq (')
hnp(nt) (m)

Anp(ne) (™)
hnp(np) (M)
Qnp(np) (s
hye (m)

n, (Rev.min’")
n; (Rev.min)

Head loss

Darcy friction coefficient

Pipe length

Pipe diameter

Fluid velocity inside the pipe
Gravitational acceleration

Design head of the power plant
Long-term average reservoir level
Turbine installation elevation
Nominal pump discharge

Nominal turbine discharge

Head conversion coefficient

Flow conversion coefficient
Nominal pump head in turbine
mode

Nominal pump discharge in
turbine mode

Nominal pump head in pumping
mode

Nominal pump discharge in
pumping mode

Nominal turbine head

Rotational speed of pump impeller
Rotational speed of turbine runner

Pnt (kw) Nominal turbine power

ng (-) Specific speed

Np (%) Efficiency in pump mode

N¢ (%) Efficiency in turbine mode

p (kg.m) Density
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