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This paper proposes a hybrid power system design for water pumping system
in Dubai (Latitude 25.25°N and Longitude 55°E), United Arab Emirates
using solar photovoltaic (PV) panels, wind turbines, and diesel generator.
The proposed design considers the changes in weather conditions (humidity
percentage, temperature in celsius, and wind speed in m/s) that directly affect
solar irradiance values which alter the performance of the hybrid system. The
proposed design deals with the problem of rare rainy days in Dubai between
December and March and the high temperature throughout the year since that
makes providing water to rural and isolated zones essential. The proposed
system uses voltage regulator to maintain stable DC voltage from the solar
power system, battery bank to store the voltage from solar PV panels, three-
phase rectifier to convert the AC voltage from wind power system to DC,
three-phase step-down transformers to reduce the AC voltage of the wind
turbine and diesel generator, and DC electric motor for water pumping

output. The system used neural network for solar irradiance forecasting over
an interval of 10 years (from 2009 to 2019). The proposed system will be
demonstrated using Simulink to show the stability and performance under
different weather conditions.
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1. INTRODUCTION

With the continuous increase in demand of energy in all countries, solar photovoltaic (SPV) and
wind based electricity generation are becoming the leading souces of non-conventional energy sources since
the disadvantages of energy from only fossil sources include limited quantities and unequal geographical
distribution [1]. The obtained renewable energy is promising for smart grid formation with distributed
network [2].

Water is required for drinking, irrigation, livestock, and industrial purposes, therefore, water
pumping is an indispensable requirement in day to day life. Attempts were made to harvest solar power for
water pumping applications [3]. PV technology relies on converting solar irradiations into electrical energy, it
is witnessing fast evolution and global expansion of its utilization [4, 5].

Dubai (Latitude 25.25°N and Longitude 55°E) is located in the Arabian Desert which is part of the
earth’s solar-belt. This location is a significant advantage since it is suitable to obtain clean and green energy
that do not emit harmful substances into air to cover the increasing demand of energy annually by using
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alternative hybrid energy sources that include solar energy, fuel cell, biomass, and wind energy besides other
conventional sources of energy like diesel.

Renewable and hybrid energy systems can be used in wide variety of applications in far and isolated
areas as well as rural zones such as water pumping, air conditioning systems, and irrigation [6]. The main
challenges that face renewable energy systems are related to weather conditions that can change any time
during the day such as solar irradiance, temperature, wind speed, and humidity [7-9]. In order to solve these
problems, the following additional systems have to be included in the design: battery management system,
maximum power point tracking system (MPPT), and weather forecasting system in order to predict solar
irradiance based on weather condition parameters [10-17]. Other solutions include using storage devices and
including additional sources as part of the overall hybrid sytem [18].

Some designs were proposed for hybrid water pumping systems. A design in [19] used DC (BLDC)
motor for water pump by relying on solar photovoltaic array besides battery storage for achieving a
continuous water delivery regardless of the climate condition. Another design in [20] was proposed for
hybrid wind turbine/solar PV water pumping systems. A wind-solar PV hybrid power system was proposed
in [21]. It had battery backup to be suitable for water pumping in remote areas. A hybrid PV/FC power
assisted water pumping system was proposed in [22]. They used PV system as primary electrical power
source while the PEMFC was used as secondary power backup source in order to be suitable for operation in
unfavorable environmental conditions. A solar photovoltaic water pumping system integrated with the single-
phase distribution system was proposed in [23]. A hybrid wind/PV system for water pumping was proposed
in [24]. The hybrid system was analyzed based on available wind speed records and annual solar radiation in
Iraqg as a case study using a small-scale hybrid wind/PV system.

The main goals of this proposed hybrid solar/wind/diesel system are: simulating the hybrid energy
system which combines solar panels with solar irradiance forecasting, wind turbines, and diesel generator,
analyzing the performance of the system under different weather conditions (different temperature, wind
speed, and humidity), and verifying the reliability of the performance in supplying water to far and isolated
areas in Dubai that have rare and limited rainy days since the increasing demand of water in these desert
areas urges utilization of hybrid power systems for water pumping with high efficiency.

2. RESEARCH METHOD

Figure 1 shows the equivalent circuit of a solar PV panel module. The module consists of two
resistors in addition to a diode and a current source. A typical solar PV panels pumping system contains DC
chopper system, voltage regulator system, and DC electric motor besides the solar PV panels.
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Figure 1. Solar PV cell equivalent circuit

The terminal PV module current equation is given by the expression (1):

vp+RSip) _ 1] _ vp+Rsip (l)

ip =Ipp— 1, [exp ( Vr Rsn

where

A
L = Uscg + K(T—T,) ]m and v, = yq
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Solar PV system has many series strings of PV modules that are linked in parallel. This assures
obtaining the necessary output voltage and current to the DC motor of the pump. This nonlinear PVG
characteristic can be approximated by (2):

. Vg+Rsi Vg+Rggl
ig = lpng — I [exp <—gv£g g) — 1] — 9599 )

Rshg

where

ng = RS(NS/NP) ’ Rshg = Rsh(Ns/NP)
Ipng = Ny Ipp ,1og = Ny I and Veg = Ng Uy

A DC/DC power converter is used to alter the voltage of the PV panels by changing the duty cycle.
In that block, the values of both the inductor and the capacitor are chosen in order to limit the ripple of the
input and output voltages as in:

dv

Cid_tg=ig_ i 3)
dvm, . .

Co = (1= @iy~ im (4)
y

o7t = U= (1= a)vy (5)

3. RESULTS AND DISCUSSIONS

The proposed hybrid system is displayed in the block diagram of Figure 2 (see in Appendix). The
system contains MPPT system to charge the battery bank by the solar panels, wind turbine blocks that consist
of connected synchronous machine and synchronous condenser, diesel generator that is formed by diesel
engine governor and synchronous machine, three-phase transformers to alter the obtained AC voltages from
the wind and diesel systems, three-phase rectifier to convert the AC voltages that result from the diesel and
wind systems to DC, voltage regulator to stabilize the DC voltage that comes from the solar PV panels at
specific constant minimum range that is close to 12 V in order to suit the operation of the DC motor that is
related to the pump. The values of solar irradiance were obtained using neural network blocks based on the
measured average values of temperature in Celsius, wind speed in m/s, and humidity percentage in Dubai
over a time span of 10 years starting from 2009 till 2019 as displayed in Figures 3 and 4.

Circuit breakers were used to switch between solar, wind, and diesel systems based on wind speed
and state of charge values where the threshold values of wind speed and state of charge were 3.5 m/s and
70% respectively [25]. The obtained voltages of the solar, wind, and diesel systems are shown in Figures 5-7.
The corresponding resultant DC voltages are shown in Figure 8. Figure 9 shows the output power in kW of
the solar panels. Figure 10 shows the speed output of the pump which was maintained stable regardless of the
irradiance changes over time.
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Figure 5. The obtained voltage from solar PV panels Figure 6. The output voltage from wind turbines
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Figure 7. The output voltage from the diesel system Figure 8. The obtained DC voltage
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Figure 9. The output power in kW of the solar panels ~ Figure 10. The speed output of the DC water pump

4. CONCLUSION

This paper proposed a hybrid power system design for water pumping system in Sharjah, United
Arab Emirates. The proposed system combined solar photovoltaic (PV) panels and wind turbines. The system
involved perturb and observe MPPT control system, three-phase transformer, battery bank, DC motor,
synchronous condenser, asynchronous generator, DC-AC three-phase rectifier, and voltage regulator. The
MPPT system used perturb and observe MPPT algorithm for the PV system to track the maximum power
point for the photovoltaic water pumping system. The proposed system used neural network to predict the
value of solar irradiance based on the average values of temperature, wind speed, and humidity over five
years interval from June 2014 till June 2019. Switching between solar and wind operation was done based on
wind speed using circuit breakers. The performance of the proposed system was demonstrated using
MATLAB and Simulink simulations to obtain the output voltages and corresponding speed of the DC motor.
The system maintained stable output voltage and speed regardless the changes in irradiance values which
were affected by weather factors.

Hybrid solar/wind/diesel water pumping system in Dubai United Arab Emirates (Waleed Obaid)
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Figure 2. The proposed hybrid system
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