
 

 

 

Abstract—Records from electricity management department in 

Koya showed that demands on electricity have been increased up to 

(235.12) GWh and consumption rate of such energy reached 224.781 

GWh by the end of 2013. Due to that, frequent network shut-down is 

recorded on average of 4 hours/day. Such shortages have been 

recorded similarly in most cities of Kurdistan (Northern Part of Iraq). 

To minimize them, this work presented a Koya grid connected Photo 

Voltaic (PV) system. The proposed system can provide 60 % of 

demand to a feeder of the city during spring season, while it can 

provide 30 % of the load during summer and autumn. 

 

Keywords—Koya city, Energy consumption, Grid connected PV 

system, PVGIV simulator. 

I. INTRODUCTION 

ITH  an  estimation world  average  growth  rate  of  

2.8%,  the  electricity  demand  is expected  to  be  

doubled  by  2020.  During  this  period,  the electricity  

demand  in  developing  countries  is  expected  to increase  by  

4.6%  annually [1]. Koya city, which is located in Kurdistan 

(Northern part of Iraq) has problem of shortage in electricity. 

Generally, the average of electricity cut off in Koya is about 4 

hours/day. This cut off is for the reason that the current feed 

power is inadequate to support the load demand in this city. 

This scenario is similarly repeated in most Kurdistan’s cities 

since 2003. Further, this span of shut-down time in most cities 

is expanded at very hot and cold seasons. Besides, most 

electricity suppliers in Kurdistan are depended on fossil fuel, 

which keep behind air pollutions and have high cost of 

maintenance. To reduce the problem of the electricity shortage 

in the Koya city, and minimizing pollutions and maintenance 

cost rates, this work proposed the photo voltaic (PV) system to 

support electricity generation. The PV system can support 

electricity generation for Koya area efficiently as this area has 
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rich source for renewable energy especially the solar energy, 

which converted by the system to electricity power.  Daily 

solar radiation in Koya city varies over a range of (2.18 -7.67) 

KWh/m2 based on data obtained from NASA. The PV system 

can be integrated with the grid system to figure the grid 

connected PV system. The purpose of this work is analyzing 

the performance of the grid system and the behavior of the 

load consumption in the Koya city. Depending on this analysis, 

a 200 KW of PV connected to the grid is designed. The system 

can feed 1% of the whole electricity demand of this city, which 

means providing 30% to 60% of power to a feeder of the 
city during different seasons over the year.  

The rest of the paper is organized as follow: section 2 

explains the grid connected PV system architecture, and 

section 3 shows the energy consumption analysis for Koya 

city. In section 4, solar energy in Koya city is described while 

grid connected PV system of 200KW presented in section 5. 

Finally, section 6 describes the conclusion of this work. 

II. GIRD-CONNECTED PV SYSTEMS 

A. Review works 

The first large sized (1MW) grid interactive PV power plant 

was installed in Lugo in California, USA. The second and 

largest (6.5MW) plant was installed in Carissa Plains, 

California, USA. In addition, some other large sized plant are 

operating in various countries such in Italy, Switzerland, 

Germany, Australia, Spain and Japan. Several small capacity 

systems in the range of 25 KW-200 KW is being 

experimentally tried out in Africa, Asia and Latin America. In 

India, 33 PV, Grid-connected plants with the total installed 

capacity of 2.54 MW have been installed so far, and another 

550 KW aggregate installed capacity plants are undergoing 

installation process. A 200 KW grid interactive PV plant 

installed recently at village khatkarkalan, Dt- Nawanshahr of 

Punjab. Moreover, a large number of small rooftop grid 

interactive systems are successfully being operated at various 

parts of the world [1, 7]. 
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B. Typical Framework 

Grid-connected PV systems provide direct conversion of 

sunlight energy into electricity energy, and can fed electricity 

grid system directly without need to any storages and batteries. 

It is one of the best ways to boost the existing electricity 

production capacity in countries where sunlight energy has 

high radiation [2].  The main parts of any Grid-Connected PV 

systems, as shown in Fig. 1, are as bellow [3, 4]: 

1) Solar PV modules: PV modules generate Direct Current 

(DC) electricity when exposed to sunlight. 

2) Inverter: It converts the DC to Alternating Current (AC) 

electricity and synchronizes it to the grid.  

3) Meter: It is used to record the flow of electricity to and 

from the grid. 

4) Substation: The power grid itself should be connected too, 

as without grid utility Grid Connected PV System will be 

uncompleted. 

 

 
 

Fig. 1 Grid-Connected PV system Configuration 

 

At night or during cloudy periods, supply of electricity will 

be done by the grid. During the day, the power produced by 

the PV panels with the grid system supplies the loads [5]. 

III. ENERGY CONSUMPTION ANALYSIS (KOYA CITY) 

Koya city gets electricity power from Dukan hydro plant 

and Ahmed Ismael gas station. The city has two main 

substations and 16 feeders. Each feeder feeds electricity power 

to a particular area inside the city. The city has a problem with 

shortages in electricity power. To minimize such shortages, 

peoples depend on private electricity generators that have been 

installed in each quarter, or home based diesel generators. It 

has been obtained that shortages in electricity in Koya are 

occurred more frequently during peak and super peak hours. 

Table 1 shows data that obtained from the Department of 

electricity management in Koya about the time of peak and 

super peak load in the city. It is clear from Table1 that the 

maximum load demand in the city is recorded at 07:00, 21:00 

and 22:00 over three different seasons of the year. However, 

for summer season the peak hour is at 13:00 and 23:00 while 

super peak hours are at 14:00 and 15:00. The (MW) rate of the 

maximum load demand in the peak and super peak load time is 

clearly illustrated in Table 2. The table shows the value of the 

maximum load for each season with reference of time. For any 

time that there is no record Moreover, the average of 

electricity consumed by the city during the year can be 
displayed in Fig. 2. 

 
         Fig. 2 The Average and Per Season Electricity Consumption 

(Koya) 

 

Records from Department of Electricity Management in Koya 

show that feeder no.4 in this city has an average power of 325 

KW during spring, 490 KW in autumn, and 650 KW during 

winter and summer. Therefore, it will be efficient to design a 

PV system of 200 KW integrated with the grid system to 

support this feeder. 

IV. SOLAR ENERGY IN KOYA CITY 

To study the solar energy of Koya city, this work depends 

on the NASA SSE dataset. The average solar radiation on the 

horizontal surface can be represented by the set of 8760 values 

per hour for the year. Figure 3 states the average daily solar 

irradiation for each month in kWh/m2 per day during the year 

for the Koya city.  The figure illustrates that solar radiation in 

Koya region has the highest value during April to September 

and has the lowest value at December. The annual average of 

solar radiation in Koya is about 4.86 KWh/m2/day. Such 

TABLE I 

SEASON PEAK AND SUPER PEAK LOAD DEMAND TIMES FOR KOYA CITY 

Seasons Peak Load Time Super Peak Load Tim 

Winter  7:00 21:00 , 22:00 

Spring 7:00, 11:00, 12:00 21:00, 22:00 

Summer 13:00, 23:00 14:00, 15:00 

Autumn 7:00, 8:00 19:00, 20:00 

 

TABLE II 

MAXIMUM LOAD DEMAND VALUE (IN MWH) FOR DIFFERENT SEASONS VERSUS TIME 

# 
Winter Spring Summer Autumn 

Time Load Time Load Time Load Time Load 

1 07:00 36.36 07:00 25.67 13:00 32.24 07:00 19.05 

2 21:00 44.31 11:00 26.21 14:00 32.99 08:00 19 

3 22:00 43.04 12:00 26.46 15:00 33.15 19:00 21 

4 - - 21:00 26.65 23:00 32.06 20:00 21 

5 - - 22:00 26.65 - - - - 
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average rate of the solar energy is enough for installing an 

efficient grid connected PV system to reduce the electricity 

shortage problem in Koya city, especially during summer 

season. 

 

 
Fig. 3 A year based irradiation rate for Koya city 

V. DESIGN A 200 KW GRID-CONNECTED                                               

PV SYSTEM IN KOYA 

As mentioned in pervious sections, Koya city suffering from 

electricity shortage problems in summer and winter seasons.  

Moreover, the city feeds by electricity power that fully 

generated by stations consuming fossil fuel, although the city 

has other resources of green energy such as sunlight energy. 

Therefore, it is possible to design and install a PV system for 

this city and connected it to the grid. To design such system, 

consumption rates of electricity power and the structure of the 

distributed electricity lines in Koya should be analyzed. To 

achieve this analysis, this work has depended on data and 

knowledge that obtained from the Department of electricity 

management of Koya city as described in section 3. This work 

mentioned in section 3 that Koya has 16 feeders of electricity 

distributed lines. This work found that feeder No. 4 is an 

adequate feeder where the gird connection can support. This is 

because, the load on this feeder is varying between 325 KW to 

650KW over the four seasons, and the 200KW PV system can 

support this feeder effectively by 30% to 60% of the total load 

on this feeder.  

 To analyze and evaluate the irradiation rate, optimal 

inclination, and average obtained energy, this work simulated 

with the Photo-Voltage Geographical Information System 

(PVGIS) software. To set this software on Koya location, the 

incident global irradiation for the chosen location (36°4'12" 

North, 44°38'25" East, Elevation: 552 m a.s.l) is determined. 

Table-3 illustrated obtained factors of Irradiation on horizontal 

plane (Hh) (Wh/m2/day), Irradiation on optimally inclined 

plane (Hopt) (Wh/m2/day) and optimal inclination (Iopt) 

(deg.)  

Table-3 reveals that optimal inclination angle can be set on 

32 degrees. This angle is very important during installing the 

PV system, because it effects on the electricity production 

from the given system. More, the average of annual energy in 

Koya is 5.14 KWh/m2/day. However, by installing PV Panels 

optimally, it becomes 5.79 KWh/m2/day. The performance of 

the 200KW designed grid connected PV system in the optimal 

inclination and orientation with the PVGIV software can be 

represented in table-4. The table states that the average daily 

electricity production is 970 KWh and the average monthly 

electricity production is 29500 KWh. Moreover, the total 

electricity production is 354 MWh for the year. 

The specification of the PV panels that used in this work is 

illustrated in Table5 [6]. The Green inverter that has single and 

three phases grid connected outputs can be used in the system 

[7]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The prime specifications of the green inverter are illustrated 

in Table-6. Table-7 shows most important parameter of the 

designed PV system. 

TABLE III 

GLOBAL IRRADIATION FOR THE LOCATION OF 

INSTALLATION 

Months Hh Hopt lopt 

Jan 2370 3670 60 

Feb 3110 4260 51 

Mar 4390 5250 39 

Apr 5410 5680 23 

May 6920 6620 10 

Jun 8300 7530 3 

Jul 7980 7440 7 

Aug 7330 7500 19 

Sep 6090 7130 35 

Oct 4250 5760 59 

Nov 3050 4780 59 

Dec 2320 3800 62 

Average 

(year) 

5140 5790 32 

 
TABLE IV 

MAXIMUM LOAD DEMAND VALUE (IN MWH) FOR DIFFERENT 

SEASONS VERSUS TIME 

Month 

Fixed system:  

Inclination = 32 deg. 

Orientation = 1 deg 

Ed Em Hd Hm 

Jan 616.00 19100 3.67 114 

Feb 714.00 20000 4.26 119 

Mar 879.00 27200 5.25 163 

Apr 949.00 28500 5.68 170 

May 1100.00 34300 6.62 205 

Jun 1260.00 37700 7.52 226 

Jul 1240.00 38500 7.43 230 

Aug 1260.00 39000 7.50 232 

Sep 1200.00 35900 7.13 214 

Oct 968.00 30000 5.76 178 

Nov 803.00 24100 4.77 143 

Dec 638.00 19800 4.80 118 

Year 970.00 29500 5.79 176 

Total for 

year 

   2110 

 

Ed= Average daily electricity production from the given system 

(Kwh), Em= Average monthly electricity production from the 

given system (Kwh), Hd= Average daily sum of global irradiation 

per square meter received by the modules of the given system 

(Kwh/m2), Hm= Average sum of global irradiation per square 

meter received by the modules of the given system (Kwh/m2).  
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VI. CONCLUSION 

The electricity shortage problem and rich source of solar 

energy in Koya city were argued in this paper. The system of 

200 KW grid connected PV system was designed to reduce the 

problem of inadequacy of electricity demand in the Koya by 

%30 to %60 of the load that can be found over a single feeder 

(no.4, as an example) during four seasons of the year. Such 

type of PV systems can support different fields, minimizing 

consuming fossil fuel, reducing air pollution, supporting 

electricity demand, and minimizing maintaining cost of 

electricity power generation plants. 
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TABLE V 

PV PANEL SPECIFICATION 

Parameter Type 
Value of 

Polycrystalline 

Maximum Power 300 W 

Open Circuit Voltage 45.1 V 

Voltage at maximum Power 35.2 V 

Short Circuit Current 8.94 A 

Current at maximum Power 8.52 A 

Efficiency 15.3% 

Dimensions W: 994 mm 

L: 1971 mm 

 

TABLE VI 

GREEN INVERTER SPECIFICATION 

Parameter Type Value  

Maximum Power Output (AC) 120  KW 

Nominal Frequency 50 / 60 Hz 

Output Voltage 400/230 VAC 

Power Factor 0.99 

Maximum Efficiency 85% - 96% 

 
TABLE VII  

IMPORTANT PARAMETERS OF THE DESIGNED SYSTEM 

Parameter Type Value  

Number of PV Panels 670 

No. of PV panels in parallel 10 

No. od PV panels in Series 67 

No. of Inverters 2 

Total covered area (M2) 1400 

Output Voltage (KV) 2.36 

Output Current (A) 85 

Inclination of PV panels 320 

Orientation of PV panels 10 
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