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ABSTRACT 
Iraq suffers from electricity shortages, and many challenges will have to be overcome to meet future increases in electrical demands. For 

these reasons another types of sources must be studies to help the Iraqi power system to cover its demand. In this paper, three types of 

renewable sources have been studies according to Iraqi ambient. These sources are wind turbine, photovoltaic array and waste – to – 
energy technology (WTE). 
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INTRODUCTION 

 

Due to the growing of demand to the energy in all over the world and because the traditional power systems 

are facing a number of problems such as low energy efficiency, environmental pollution, and gradual depletion 

of fossil fuel resources [1]. These reasons led to study and use another alternative ways to generate electric 

power such as renewable energy sources. 

In this paper three types of renewable energy sources have been studies according to Iraqi ambient; these 

are wind turbine, photovoltaic array and waste to energy technique. 

The results shows that wind turbine is not efficient to use in Iraq also; the dusty weather in Iraq limit the use 

of PV array but Waste to Energy technique (WTE) is the most efficient to use in Iraq than the other two 

techniques studied in this work 

 

1. Wind Turbine: 

A wind turbine generator system (WTGS) depends on the wind speed of the environment, it convert the 

wind speed to an electrical power. 

 
Fig. 1:General scheme of a WTGS where three types of energy states are presented: wind, mechanical, and 

electrical 
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Wind energy is transformed into mechanical energy by a wind turbine that has several blades. It usually 

includes a gearbox that matches the turbine low speed to the higher speed of the generator. Some turbines 

include a blade pitch angle control for controlling the amount of power to be transformed [2]. 

The electrical generator transforms mechanical energy into electrical energy. Commercially available wind 

generators installed at present are squirrel cage induction generator, doubly fed induction generator, wound field 

synchronous generator (WFSG), and permanent magnet synchronous generator (PMSG).  

The output power generated by the wind turbine is given by [3]: 

𝑃𝑡 = 0.5𝜌𝐴𝐶𝑝𝑉𝑤
3         Watts                                                                        (1) 

The output torque𝑇𝑡 of the wind turbine is calculated from the following equation: 

𝑇𝑡 = 0.5𝜌𝐴𝑅𝐶𝑝𝑉
2/𝜆    (2) 

Where; 

𝜌    Air density in kg/m3. 

A     Area swept out by the turbine blades (m2). 

𝑉𝑤  Wind speed in meter/second. 

R      Radius of the wind turbine rotor (m). 

𝐶𝑝   A dimensionless power coefficient depends on the wind velocity and constructional characteristics of 

the turbine. 

𝜆Tip speed ratio of the wind turbine. 

 

2. Photovoltaic (PV) array:  

The photovoltaic (PV) power technology uses semiconductor cells (wafers), generally several square 

centimeters in size. From the solid-state physics point of view, the cell is basically a large area p-n diode with 

the junction positioned close to the top surface. The cell converts the sunlight into direct current electricity [4].  

A solar cell is the building block of a solar panel. A photovoltaic module is formed by connecting many 

solar cells in series and parallel. Considering only a single solar cell; it can be modeled by utilizing a current 

source, a diode and two resistors. This model is known as a single diode model of solar cell. Two diode models 

are also available but only single diode model is considered here in figure (2) [5]. 

 
Fig. 2: Equivalent circuit model of PV cell 

 

The characteristic equation for a photovoltaic array is given by [5]: 

𝐼𝑜 = (𝑁𝑝 ∗ 𝐼𝑝𝑣) − (𝑁𝑝 ∗ 𝐼𝑟𝑠) ∗ (exp ((
𝑞

𝐾∗𝑇∗𝐴
) ∗ (

𝑉𝑜

𝑁𝑠
)) − 1)     (3) 

𝐼𝑝𝑣 = (𝐼𝑠𝑐𝑟 + 𝐾𝑖 ∗ (𝑇 − 𝑇𝑟)) ∗ (
𝑆

100
)     (4) 

𝐼𝑟𝑠 = 𝐼𝑟𝑟 ∗ ((
𝑇

𝑇𝑟
)
3

∗ exp(𝑞 ∗
𝐸𝑔

𝐾∗𝐴
∗ ((

1

𝑇𝑟
) − (

1

𝑇
))     (5) 

𝐼0&𝑉𝑜 : Cell output current and voltage; 

𝐼𝑟𝑠: Cell reverse saturation current; 

𝑇: Cell temperature in Celsius; 

𝐾: Boltzmann's constant =1.38 * 10-19 J/K; 

𝑞: Electron charge = 1.6*10-23C 

𝐾𝑖: Short circuit current temperature coefficient at Iscr; 

𝑆: Solar radiation; 

𝐼𝑠𝑐𝑟 : Short circuit current at 25 degree Celsius; 

𝐼𝑝𝑣: Light-generated current; 

𝐸𝑔: Band gap for silicon; 

𝑇𝑟: Reference temperature; 

𝑅𝑠ℎ: Shunt resistance; 
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𝑅𝑠: Series resistance; 

A solar cell is the building block for a solar panel. A photovoltaic module or panel is formed by connecting 

many solar cells in series and parallel. The power produced by a single module is not enough for commercial 

use, so modules are connected to form array to supply the load. The connection of the modules in an array is 

same as that of cells in module. Modules can also connected in series to increase the voltage or in parallel to get 

an increased current as shown in figure (3) below. 

 
Fig. 3: Solar PV products and configurations - from solar cell to solar array 

 

The total area for solar PV module can be calculated as follows [6]: 

𝐴𝑟 = (𝑁𝑚 ∗ 𝑀𝑟 ∗ 100)/(𝑆 ∗ 𝑀𝑒𝑓𝑓)     (6)  

Where; 

Ar : Area required by the solar PV module in (m2). 

Nm : Number of modules. 

Mr : Module rating. 

S : Solar radiation in W/m2. 

Meff : Square meter module efficiency in %. 

The PV array connected to an AC system through DC-DC converter and DC-AC converters. 

 

3. Waste To Energy (WTE) sources:    

Waste-to-energy is a proven technology used globally to generate clean, renewable energy from the 

sustainable management of municipal solid waste (MSW). Progressive communities around the world employ 

strategies to reduce, reuse, recycle, and recover energy from waste. Waste to energy refers to the process in 

which the power is generated from the waste that has to be disposed off in the landfill. In other words we can 

say that waste to energy refers to use of modern combustion technology to recover energy in the form of 

electricity from the solid waste. It is a renewable source of energy because its fuel that is garbage is not depleted 

.It is similar to the thermal coal fired plant but differs in the fuel as shown in figure (4) [7]. 

The fuel is burned where high temperature combustion completely destroys viruses, bacteria, rotting food 

and other organic compounds found in household garbage that could harm human health. The heat produced due 

to combustion is used to boil the water to produce steam. 

 
Fig.4: Waste to Energy power generation 

 



 16-9, Pages: 7201 March) 3(13. esearchRciences Spplied Aournal of J/7201 .,et alRubayi-Dr. Rashid H. Al                12 

 

RESULTS AND DISCUSSIONS 

 

The output power generated by the wind turbine is given by equation (1) which is depends mainly on the 

wind speed. 

From the analysis of wind turbine it's clear that the output power of the wind turbine is increased by 

increasing the wind speed as shown in figure (5) below: 

 

 
Fig. 5: Wind turbine output power with respect to turbine speed with varying wind speed. 

The annual rating of wind speed in Iraq is shown in table (1).  

 
Table 1: Annual rating of wind speed in Iraq in many locations 

Location Wind Speed (m/sec) 

Mousil 1.3 

Baghdad 3.1 

Basrah 4 

Rutba 2.6 

Kirkuk 1.6 

Hilla 1.8 

Al-Hai 4.2 

Nasirya 4.1 

Diwaniya 2.7 

Karbala 3.9 

 

By applying Iraqi wind speed in (m/sec.) that shown in table (1) to a wind turbine MATLAB / 

SIMULATION package; the results is shown as in the figures below: 
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Fig. 6: Simulation results for (P, Q, wr and wind speed) with respect to time for wind turbine adopting Iraqi 

wind speed in (m/sec.) 

 

As seen in table (1) the annual rating of wind speed in Iraq is not exceed 4.2 m/sec and to get an efficient 

power it requires minimum wind speed equal to 5 m/s as shown in figure (5). 

 The simulation results for wind turbine adopting Iraqi wind speed that shown in figure (6) shows that the 

wind turbine is not operate in this wind speed and work in cut off region (after 1.5 sec). 

From the analysis and results above; its clear that it is not efficient to use wind turbine in Iraq. 

 

4.5.2 Photovoltaic array: 

The PV cell output voltage is a function of the photocurrent that mainly determined by load current 

depending on the solar irradiation level during the operation as shown in equation (3).  

The drawback of using PV array is; it required a large area as comparing with the MWs needed for the 

system, to calculate the required area many parameters must be known for it as shown in table (2).  

 
Table 2: shows the parameters of the studied solar PV 

Parameter The value 

Module type SunPower SPR-305-WHT 

No. of module  4900 

Rated Power 305.2 W 

Efficiency 15.98 % 
Plane Irradiance 1000 W/m2 

temp.∘and 502 Maximum operated power at 1000 W/m 1.5 MW 
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From equation (6) the area required for 1 MW Calculated as below: 

ArearequiredbythesolarPVmodulein(m2) = (4900 ∗ 305.2 ∗ 100)/(1000 ∗ 15.98%) 
= 9358.44 m2 the area required to generate 1 MW.  

The module and array characteristics that taken from MATLAB /SIMULATION package by the use of the 

parameters that shown in table (2) are shown in figures (7), (8) and (9): 

 

 
Fig. 7: I-V and P-V characteristics for the PV module with deferent irradiances 

 

 
 

Fig. 8: I-V and P-V characteristics for the PV array with deferent irradiances 
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Fig. 9: I-V and P-V characteristics for the PV array with deferent temperature 

 

Another drawback for PV array that the efficiency of PV cells is influenced by high air temperature and 

dust contamination. Due to the dusty weather in Iraq, it is important to investigate the type of dust, density of 

dust, rate of accumulation of dust, and the effect of dust on the PV performance [1]. 

 

Waste- to – Energy (WTE) technique: 

Waste to energy refers to the process in which the power is generated from the waste that has to be disposed 

off in the landfill. In other words we can say that waste to energy refers to use of modern combustion 

technology to recover energy in the form of electricity from the solid waste. 

It is a renewable source of energy because its fuel that is garbage is not depleted .It is similar to the thermal 

coal fired plant but differs in the fuel. 

The amount ton/day (TPD) of waste in center of Karbala city is as shown in table (3) that taken from the 

municipality of Karbala city.  

 
Table 3: The annual amount waste of Karbala city center. 

No. Location Municipal solid waste Ton/year 

1 Karbala city center  306547 

2 Al-Hindia 30048 

3 Al-Hur 75840 

4 Al-Hussainia 18000 

5 Al-Khairat 1080 

6 Al-Gadwal Al-Gharbi 8520 

7 Ain Al-tamr 6360 

Total 446395 

 

The waste listed in the table (3) contain only the municipal solid waste, there is another types of waste is 

not calculated in the above table and it has a significant amount of power generation such as farm waste and 

scrap. 

According to table (3) the total municipal waste for Holt Karbala city is about 446395 ton/year (1223 TPD) 

and by referring to the American WTE stations ; the newest WTE station is in Florida, West Palm Beach; it take 

3000 TPD to deliver a total capacity of 96 MVA this mean that each one (TPD) of waste can serve a capacity of 

0.032 MVA, So; the amount of TPD of waste in Holy Karbala city can be serve a minimum capacity of 40 

MVA. 

 

Conclusions: 
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From the above study of the three types of sources its clear that;  

1- The use of wind turbine is not efficient in Iraq because the wind speed in Iraqis not exceed 4.2 m/sec 

while wind turbine need a minimum value of wind speed is about 6 m/sec to generate an electric power. 

2- The photovoltaic array is efficient to use in Iraq according to Iraqi ambient (temperature and solar 

irradiation), but it required a large space to achieve the required power also it affected by the dusty weather in 

Iraq. 

3- Waste to Energy technique is the most efficient to use in Iraq than the other two techniques studied in this 

work, because:  

A- A large number of MWs can be generated from it and also it contributes to preserving the environment 

and reduce the pollution more than the other traditional way of landfilling. 

B- The amount of wastes are always approximately constant all over the year and it is not depend on the 

ambient witch make the power generated from WTE technique constant in all over the year. 

C- The amount of waste is depend on the standard of living to the people so; the future prediction for it 

can calculated from it as well as the future prediction for the electric demand depends on the standard of living 

to the people so; the power generated from WTE technique can be increased if the load demand increased. 

 

Suggestions for Future Work: 

This work may be extended in the future and developed to take into account the following points: 

1- Improve the wind turbine design to be capable to use in Iraq. 

2- Study another types of renewable energy sources.  
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