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Abstract. This paper presented the potential of flood reservoir 
integrated with pumped hydropower storage for electricity production in 
Pekan, Malaysia. Based on the procedure in T echnical Release 55 (T R-
55), the volume of the reservoir to attenuat e flood was 5.2 million3. The 
volume estimated will be the size of the lower reservoir of proposed PHS 
and act as flood water catchment during flood seasons. The system 
proposed an integration of PHS with wind turbines and connect it to the 
grid. The Hybrid Optimization Model for Electric Renewable (HOMER) 
software was used to model system for electricity production. The 
software has simulated 200 different configurations of systems which 
included the diesel-only system and hybrid wind/diesel system. The 
standalone diesel system could produce about 25,041,824 kWh of 
electricity per year and emits 30,030,457 kg/year of pollutants into the 
atmosphere. Meanwhile, the hybrid wind/diesel could produce 
25,668,980 kWh/year of electricity and emits 29,293,174 kg/year of 
total pollutants into the air. Although, the standalone diesel has the 
lowest cost of energy among all configurations which is RM 0.852/kWh, 
but it releases the most amount of carbon dioxide. The high emission of 
this gasses can have many environmental effect s in a long term.  

1 Introduction  

In the early construction of reservoirs and dams, most of them were built for a single 
purpose only such as for water supply or irrigation, but now there is growing number of 
multipurpose dams especially in developing countries. This is because the population 
can receive both domestic and economic benefits with only single investment for dam 
construction. Among various objectives of reservoir operations, hydropower production 
is very significant to fulfill the increasing power demand of various sectors and as well 
for flood control. Based on the report publish by World Register of Dams, 17 % of 
reservoirs construction are for hydropower production and 10 % is for flood mitigation 
[1]. 
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There are few types of hydropower technologies that produce electricity from the 
gravitational force of moving water. Among the type of hydropower is pumped 
hydropower storage (PHS). The electric energy is stored in the form of hydraulic potential 
energy by spinning of turbines backward, which causes the turbines to pump water from 
a lower reservoir to an upper reservoir. The pumping water to a high elevation usually 
conducted during off-peak periods such as when the price of electricity is cheap or the 
demand is low. During the peak period of electricity demand, water from the upper 
reservoir is released back into the lower reservoir which causes the turbines to spin 
forward and activating generators to produce electricity [2]. Hence, those water 
reservoirs are capable of storing in huge amounts of electrical energy and as well for a 
long duration of time. 

In 2014, according to the International Energy Agency (IEA), the total installed large 
scale energy storage currently operating around the world is at least 140 GW and 99 % of 
the capacity coming from PHS [3]. Along with the capability to store large quantities of 
energy, well- established technologies of hydropower production have turned PHS to be 
a great alternative energy storage device for most renewable energy which has 
inflexibility of power production. Intermittent renewable energy sources such as the 
wind, solar radiation, tides or stream flow usually depend on diurnal and seasonal 
patterns to generate electricity [4]. PHS recovering and exploit the excess energy from 
intermittent energy by pumping water from the lower reservoir and refill the upper 
reservoir [5]. Thus, integrating PHS with the intermittent energy sources can increase the 
reliability and flexibility of the hybrid system and at the same time enabling the system to 
operate at optimum efficiency [6]. 

Meanwhile, in flood management, reservoirs can be effectively used for flood 
mitigation by holding water and regulating the stream discharge during major flood 
events. The water level in the reservoir will be kept low prior to a monsoon or heavy rain 
event which will create more storage to capture excess discharge water. Then, the water 
captured in the reservoir will be released at a desired rate to prevent flooding at the 
downstream [7]. 

The main objective of this paper is to model flood reservoirs integrated with wind pumped 
hydro storage for electricity production. The reservoirs of PHS will act as flood water 
catchment to temporarily store the flood water and slowly release it after the river return to 
the normal water level. Estimation of storage volume to attenuate flood in the study area was 
calculated based on results from Hydrological Modelling System (HEC-HMS) software, and 
the Hybrid Optimization Model for Electric Renewables (HOMER) software was used to 
model the proposed PHS.  

This paper has four sections. The first section briefly explained the functions of water 
reservoirs. The second section discussed the method to estimate the volume of the reservoir 
for flood mitigation and also the steps to model pumped hydropower system in HOMER 
software. The next section presents the calculated volume of the reservoir, outputs of system 
simulated in HOMER software, analysis of the results and the final section contain the 
conclusions. 

2 Methodology 

2.1 Estimation of reservoir volume for flood attenuation 

Technical Release 55 (TR-55) contains simple procedures to calculate the storage volume 
requires for floodwater reservoirs. The volume of flood reservoir can be estimated by 
knowing the runoff volume, peak inflow, and peak outflow. Figure 1 shows the relationship 

between the peak inflow and peak outflow to the storage volume of reservoir and volume of 
runoff. 

 
Fig. 1. Approximate detention basin routing for rainfall types I, IA, II, and III.  

The runoff in Kuala Pahang (the last point in Pekan town before water discharge into the 
South China Sea) with 75.1 km2 area size was computed using initial and constant-rate loss 
model in HEC-HMS to be 0.242 m and the peak inflow discharge was 429.8 m3/s. The runoff 
volume was estimated by using following equation: 

 AQVR ×=  (1) 

VR =   (3) 
Q = R (m) 
A = Area (m2) 

The volume of flood water reservoirs was estimated by using following equation: 
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2.2 Modelling pumped storage hydropower modelling in HOMER 

Canales and Beluco had explained the method for modelling of PHS with a few modifications 
in HOMER [4]. This software was developed by National Renewable Energy Laboratory 
(NREL) for the optimization of hybrid systems on a micro and small scale and can be freely 
accessed in its Legacy version [8]. In HOMER, a battery was created as equivalent to 
electrical storage mechanism of PHS with particular capacity and roundup efficiency. The 
connection between the battery created and PHS was explained further in next sub-section. 

2.2.1 Battery representing the reservoir 

The battery is capable of storing excess energy and supply when there is a demand which has 
the similar capability of PHS reservoirs. The properties of battery modelled in HOMER was 

2

MATEC Web of Conferences 225, 05021 (2018)	 https://doi.org/10.1051/matecconf/201822505021
UTP-UMP-VIT SES 2018



There are few types of hydropower technologies that produce electricity from the 
gravitational force of moving water. Among the type of hydropower is pumped 
hydropower storage (PHS). The electric energy is stored in the form of hydraulic potential 
energy by spinning of turbines backward, which causes the turbines to pump water from 
a lower reservoir to an upper reservoir. The pumping water to a high elevation usually 
conducted during off-peak periods such as when the price of electricity is cheap or the 
demand is low. During the peak period of electricity demand, water from the upper 
reservoir is released back into the lower reservoir which causes the turbines to spin 
forward and activating generators to produce electricity [2]. Hence, those water 
reservoirs are capable of storing in huge amounts of electrical energy and as well for a 
long duration of time. 

In 2014, according to the International Energy Agency (IEA), the total installed large 
scale energy storage currently operating around the world is at least 140 GW and 99 % of 
the capacity coming from PHS [3]. Along with the capability to store large quantities of 
energy, well- established technologies of hydropower production have turned PHS to be 
a great alternative energy storage device for most renewable energy which has 
inflexibility of power production. Intermittent renewable energy sources such as the 
wind, solar radiation, tides or stream flow usually depend on diurnal and seasonal 
patterns to generate electricity [4]. PHS recovering and exploit the excess energy from 
intermittent energy by pumping water from the lower reservoir and refill the upper 
reservoir [5]. Thus, integrating PHS with the intermittent energy sources can increase the 
reliability and flexibility of the hybrid system and at the same time enabling the system to 
operate at optimum efficiency [6]. 

Meanwhile, in flood management, reservoirs can be effectively used for flood 
mitigation by holding water and regulating the stream discharge during major flood 
events. The water level in the reservoir will be kept low prior to a monsoon or heavy rain 
event which will create more storage to capture excess discharge water. Then, the water 
captured in the reservoir will be released at a desired rate to prevent flooding at the 
downstream [7]. 

The main objective of this paper is to model flood reservoirs integrated with wind pumped 
hydro storage for electricity production. The reservoirs of PHS will act as flood water 
catchment to temporarily store the flood water and slowly release it after the river return to 
the normal water level. Estimation of storage volume to attenuate flood in the study area was 
calculated based on results from Hydrological Modelling System (HEC-HMS) software, and 
the Hybrid Optimization Model for Electric Renewables (HOMER) software was used to 
model the proposed PHS.  

This paper has four sections. The first section briefly explained the functions of water 
reservoirs. The second section discussed the method to estimate the volume of the reservoir 
for flood mitigation and also the steps to model pumped hydropower system in HOMER 
software. The next section presents the calculated volume of the reservoir, outputs of system 
simulated in HOMER software, analysis of the results and the final section contain the 
conclusions. 

2 Methodology 

2.1 Estimation of reservoir volume for flood attenuation 

Technical Release 55 (TR-55) contains simple procedures to calculate the storage volume 
requires for floodwater reservoirs. The volume of flood reservoir can be estimated by 
knowing the runoff volume, peak inflow, and peak outflow. Figure 1 shows the relationship 

between the peak inflow and peak outflow to the storage volume of reservoir and volume of 
runoff. 

 
Fig. 1. Approximate detention basin routing for rainfall types I, IA, II, and III.  

The runoff in Kuala Pahang (the last point in Pekan town before water discharge into the 
South China Sea) with 75.1 km2 area size was computed using initial and constant-rate loss 
model in HEC-HMS to be 0.242 m and the peak inflow discharge was 429.8 m3/s. The runoff 
volume was estimated by using following equation: 

 AQVR ×=  (1) 

VR =   (3) 
Q = R (m) 
A = Area (m2) 

The volume of flood water reservoirs was estimated by using following equation: 

 









×= 1 Fig.in graph  from  of ratio

i

o
RS

Q

Q
VV  

(2) 

storage fload off  volumeRequired =SV  

( )
s

Qo

3m flowout Peak  =  

( )
s

Qi

3m flowin Peak  =  

2.2 Modelling pumped storage hydropower modelling in HOMER 

Canales and Beluco had explained the method for modelling of PHS with a few modifications 
in HOMER [4]. This software was developed by National Renewable Energy Laboratory 
(NREL) for the optimization of hybrid systems on a micro and small scale and can be freely 
accessed in its Legacy version [8]. In HOMER, a battery was created as equivalent to 
electrical storage mechanism of PHS with particular capacity and roundup efficiency. The 
connection between the battery created and PHS was explained further in next sub-section. 

2.2.1 Battery representing the reservoir 

The battery is capable of storing excess energy and supply when there is a demand which has 
the similar capability of PHS reservoirs. The properties of battery modelled in HOMER was 

3

MATEC Web of Conferences 225, 05021 (2018)	 https://doi.org/10.1051/matecconf/201822505021
UTP-UMP-VIT SES 2018



assumed to remain the same during its lifespan. Based on explanation by Canales and Beluco 
[4], the total stored energy in the volume of reservoir can be described by the following 
equation: 
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where 
ES = Total stored energy (kWh) 
H = Gross head (m) 

hydη  = Efficiency in turbine mode (%) 

Vol = Volume of reservoir (m3) 
The discharge current of the battery with a fixed voltage and capacity is considered 

independent, and the stored energy can be expressed by the following equation: 
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where 
ES = Stored energy (kWh) 
V = Voltage (V) 

BC  = Capacity ( hA ⋅ ) 

The power produced by the battery is corresponding to the value of current when the 
voltage is assumed to be constant and can be calculated by the following equation: 
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where 
Pbat = Power (kW) 
V = Voltage (V) 

I = Capacity ( hA ⋅ ) 

According to Canales and Beluco, there are three steps to model PHS in HOMER. The 
first step is to determine a reference voltage of the equivalent of the battery and calculate the 
capacity of the equivalent battery which proportional to the reservoir volume. The battery 
also must be set on DC bu. This important to ensure that inputs and outputs of the battery 
will represent the flow rate of water being stored or leaving the PHS reservoir. The second 
step is to create an equivalent battery with selected reference voltage and capacity decided 
earlier. The round trip efficiency should be set at 100% and 0 % for the minimum state of 
charge. The value of maximum charge current need to proportional to the time required to 
fill the reservoir. The third step is to include the converter component, which will represent 
the various options for hydropower plant capacity. This component can be used to control 
the conversion efficiency in either pump or turbine modes. 

2.2.2 Description of input parameters 

The simulation of proposed system in HOMER software requires some input parameters to 
calculate the optimization results of configuration systems. The input parameters are load 
demand, wind resource input, the flow rate of stream discharge and the costs per unit for each 
component. 

 

1. Load demand  
The load demand shown in Figure 2, was based on the hourly power consumption of all 

households in Kuala Pahang, Pekan. The base load of 339.9 kW occurred through the day 
and a peak load of 9,064.0 kW takes placed at night. The daily energy load demand is 2,526 
kW.  

 
Fig. 2. Hourly load profile.  

2. Wind resource 
Figure 3 shows the wind resource over one-year period. The daily average of wind speed 

measured at the anemometer height of 10 m above ground was 2.0 m/s. 

 
Fig. 3. Wind resource profile.  

3. Economic and technical specification 
Table 1 shows the details on the economic and technical specification for each component 

of the proposed hybrid energy system. 

Table 1. Economic and technical specification of each component. 

Description  Specification  

1. Storage battery (reservoirs)  

Capital cost  $1.25 mil or RM 5 mil  

Replacement cost  $1.25 million or RM 5 
million  

Operating and maintenance 
cost  

$2505 or RM 10 000  

Lifetime  25 years  

2. Wind turbine  

Model  Enercon, E-48  

Capital cost  $1.75 mil or RM 6.9 mil  

Replacement cost  $ 1.75 mil or RM 6.9 mil  

Operating and maintenance 
cost  

$ 2000 or RM 7984  

Lifetime  25 years  

3. Inverter  

Model  Solectria PVI-80kW-480V  

Rated power  80 kW  

Capital cost  $655/kW or RM 2654.7/kW  
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Replacement cost  $655/kW or RM 2654.7/kW  

Operating and maintenance 
cost  

$10/year or RM 39.9/year  

Lifetime  15 years  

4. Generator  

Model  Cummis Generator  

Rated power  80 kW  

Capital cost  $225 or RM 898.2  

Replacement cost  $180 or RM 718.6  

Operating and maintenance 
cost  

$0.03/hr or RM 0.12/hr  

Lifetime  15,000 operating hours  

 
The costs of all components were converted to Ringgit Malaysia as the costs simulated in 

HOMER software was based on US Dollar. Based on the trade currency of July 2016, 1 US 
Dollar is equivalent to RM 4.03. 

3 Results and discussion 

3.1 Volume of reservoir for flood water catchment 

The volume of runoff calculated was 18.2 million3 and the volume of the reservoir to 
attenuate flood event was 5.2 million3. The calculated reservoir volume will be the size of 
the lower reservoir of proposed PHS. This lower reservoir will act as flood water catchment 
during flood seasons. The principle operation of proposed PHS system in Figure 4, was 
design based on explanation in “Optimal operation and hydro storage sizing of a wind–hydro 
power plant” [9]. 

 
Fig. 4. Proposed system layout [10].  

The system proposed an integration of PHS with wind turbines and connect it to the grid. 
During low demand of electricity or when there is an excess of energy produced by the wind 
turbine, water will be pump from the lower reservoir to the upper reservoir. When there is 
high demand for electricity, the pumped water in the upper reservoir will be released through 

the turbines and driving generators to produce enough electricity. The storage space of the 
lower reservoir is kept low for a huge discharge of excess runoff during extreme hydrological 
events or flood seasons. The lower reservoir which acts as flood water catchment only needs 
to temporarily store the excess runoff water and can slowly release if after river water return 
to normal level. 

3.2 Simulation of proposed pumped hydro storage in HOMER 

The outputs from the simulation in HOMER software by using the methods previously 
explained are presented and discussed in this section. Figure 5 shows the configuration of 
proposed system as designed in HOMER. The simulated peak demand of primary load is 16 
MW and the total energy consumption is 61 MWh/day. 

 
Fig. 5. Schematic diagram of the system.  

The simulation was conducted by comparing the optimal configuration of stand-alone 
diesel system and optimal configuration of hybrid wind/diesel with battery storage element 
(flood reservoir). In Figure 6, after optimization was performed, the cheapest system among 
all studied configuration is standalone diesel system with total net present cost (NPC) of RM 
241 million based on the diesel price of RM 1.60/L and the levelized cost of energy (COE) 
for this system is $0.213/kWh or RM 0.852/kWh. The electricity generation of standalone 
diesel generator could produce is 25,041,824 kWh/year with 9.3% of excess electricity as 
shown in Figure 7. 

 
Fig. 6. Homer optimization results.   
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Fig. 7. Summary of standalone diesel generator configuration.  

Figure 8 shows the participating of wind turbines in the hybrid system delivers 1,387,405 
kWh/year or 5 % of electricity production when operating in the hybrid configuration. 

 
Fig. 8. Summary of hybrid wind/diesel with storage configuration.  

Based on the simulation results, 20 unit of wind turbines with 8000 kW of the generator 
is the best configuration of the hybrid system. The system could produce 25,668,980 
kWh/year of electricity which 24,281,576 kWh/year come from the diesel generator and 
1,387,405 kWh/year delivers from the wind turbines. The cost of energy (COE) of this hybrid 
system from the HOMER simulation is $0.390/kWh or equivalent to RM 1.56/kWh. 
According to Ministry of Energy, Green Technology and Water, the average electric tariff 
rate is 38.53 sen/kWh or $ 0.09/kWh [11]. As can be seen, the COE calculated by HOMER 
is much higher than average rate of the electric tariff in Malaysia. High rates of calculated 
COE maybe due to the increase costs in operation and maintenance. In addition, the rise of 
annual inflation rate which directly increase the rate of annual interest also can increase the 
cost [12]. The value of COE also could be reduced by using a more uniform wind profile and 
a more precise lifetime of each component [13].  

Meanwhile, the Total Net Present Cost (NPC) is $110 267 832 or RM 441 071 328 and 
the operating cost is $5 528 738/year or RM 22 114 952/year. The economic costs of hybrid 
system were analyzed so that cost of energy produced from the proposed system could be 
afforded by residents in that area. The initial capital cost of the system is $39 592 000 or RM 
158 368 000, at 6 % interest rate, the total initial cost of the system is $41 967 520 or RM 
167 870 080. At tariff rate RM 0.24/kWh, the annual revenue of the system is RM 6 067 
578.2, so the payback period or the number of years required recovering the cost of the 
investment and cost benefit analysis is 27.6 years. 

Based on the results, the portion of wind turbines in electricity production is a little bit 
small due to the low wind resources in the study area. Actually, the PHS plant could be an 
interesting alternative for flood mitigation and electricity production by considering few 
other factors such as site selection and the component of the system. The reservoir of PHS 
not only can be used to capture and store flood water but also can be a complementary energy 
storage system for wind energy. Thus, the participation of this intermittent resource in the 
market can be improved by integrating with PHS.  

As shown Figure 9, the total pollutants emitted by standalone diesel system is 30,030,457 
kg/year. On the other hand, Figure 10 show the total polluted emissions produced by hybrid 
wind/diesel with battery (water reservoir) system which is 29,293,174 kg/year. 

 
Fig. 9. Pollutants emitted by standalone diesel system.  

 
Fig. 10. Pollutants emitted by hybrid wind/diesel with storage system.  

The introduction of wind turbines into the system has reduced the emission of carbon 
dioxide (CO2) to a considerable amount. The burning of fossil fuels such as diesel is 
unavoidably producing CO2 and huge emission of this gaseous are the main cause of global 
warming. Although the participation of wind energy into the system is low but eventually it 
can cut down the amount of CO2 into the atmosphere. In the future, for more effective CO2 
reduction, solar Photovoltaic (PV) can be combined with the wind energy to ensure a 
continuous supply of power to the load. 

4 Conclusion 

This paper presented the study on the utilization of pumped hydropower storage reservoir for 
flood mitigation and electricity production. An area in Pekan was the basis of this study. The 
reservoir not only can be used to captured and stored flood water but also can be an interesting 
alternative as a complementary energy storage system to deal with the intermittency of 
renewable sources. The standalone diesel system produces the lowest value of the cost of 
energy compared to the hybrid wind/diesel configuration, but it releases more amount of 
pollutants emission into the atmosphere.  
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market can be improved by integrating with PHS.  
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kg/year. On the other hand, Figure 10 show the total polluted emissions produced by hybrid 
wind/diesel with battery (water reservoir) system which is 29,293,174 kg/year. 
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dioxide (CO2) to a considerable amount. The burning of fossil fuels such as diesel is 
unavoidably producing CO2 and huge emission of this gaseous are the main cause of global 
warming. Although the participation of wind energy into the system is low but eventually it 
can cut down the amount of CO2 into the atmosphere. In the future, for more effective CO2 
reduction, solar Photovoltaic (PV) can be combined with the wind energy to ensure a 
continuous supply of power to the load. 

4 Conclusion 

This paper presented the study on the utilization of pumped hydropower storage reservoir for 
flood mitigation and electricity production. An area in Pekan was the basis of this study. The 
reservoir not only can be used to captured and stored flood water but also can be an interesting 
alternative as a complementary energy storage system to deal with the intermittency of 
renewable sources. The standalone diesel system produces the lowest value of the cost of 
energy compared to the hybrid wind/diesel configuration, but it releases more amount of 
pollutants emission into the atmosphere.  
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