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Abstract: 

 The aim of this work is to analyze the solar radiation aspects, the performance and the cost-effectiveness of 

designing a proposed utility scale, grid-connected PV Power Plant of 4 MW capacity to enhance the energy demand 

at AL- Mahmudiyah region and encourage investment in solar PV systems. The data of Monthly averaged daily 

insolation incident on a Horizontal Surface (kWh/m2/day) was obtained from NASA-SSE over the 22-year period (Jul 

1983 - Jun 2005) satellite measurements. Two methods were adopted (Mathematical modeling and PVsys6.43 

software package) in calculation and evaluation of the proposed project. 

 The average of in-plane global solar radiation of (2130.8) kWh/sq.mt/day. The PV Plant supplied the grid with an 

average of 6767 MWh/year at an annual performance ratio (PR) 79.2%. The final yield (Yf) ranged from 3.53 to 5.45 

kWh/kWp/day with an annual capacity factor 19.4%. The array yield (Yr) with an average value of 4.7 

kWh/kWp/day. The AC output power 3.162 MW at an average system efficiency of 15.5%. The power losses were 

calculated and displayed in a diagram loss. 

The total investment cost was $3600000 and the internal rate of return (IRR) is 10.0%. The net present value (NPV) 

is 5.027 million $ with a discounted payback period 11 years. The benefit cost ratio (B/C) was found 1.4, the overall 

CO2 reduction of Emissions 122821.435 tons. The Levelized Cost of Electricity (LCOE was found 0.05 $/kWh which 

exported to electric grid at selling price (Feed-in Tariff) of 0.08 $/kWh. The results of the present study illustrate 

that it is possible to construct utility-scale, grid-connected PV Power Plant for generation electricity because it is a 

cost-effective project and could be generalized to other governorates at Iraq and encourage governments to 

impose the basic investment legislations of renewable energy. Sensitivity analysis was done to check the 

uncertainty of assumed financial input parameters. 

Keywords: Solar energy; Optimization; Tilt angle; Photovoltaic System, Net Present Value, Levelized cost of energy, 

Payback period. 

 

 :الخلاصة

ميكاواط  1افتراضية  ذات طاقة تصميمية   كهروضوئية طاقة وبيان مدى امكانية تصميم محطة الشمسي الإشعاع اجراء تحليل إلى البحث يهدف 

ولتكون حافزا  المحمودية منطقة في الطاقة المتزايد على الطلب وجدواها الاقتصادية لتعزيز الشبكة الكهربائية وبيان كفائتها وانتاجيتها تربط على

تم الحصول على بيانات الاشعاع الشمسي . والمنشات والتجارية الحكومية للمباني الكهروضوئية الشمسية للاستثمار في مجال الطاقة تشجيعيا

 الأرصاد برنامج)المستخدمة في التحليل من وكالة الفضاء الامريكية ناسا  ( يوم/  2 م/  ساعة كيلوواط) الأفقي السطح على( المتوسطات الشهرية)

تم اجراء الحسابات التصميمية وتقييم المشروع فنيا واقتصاديا  .(2002 يونيو - 4891 يوليو) عاما 22 مدى على( الشمسية والطاقة السطحية الجوية

 .والثانية بطريقة النمذجة الرياضية ( PVsys6.43)   كاةبطريقتين  وهما استخدام برنامج المحا
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 الكهروضوئية المحطة تنتج. يوم/  مربع متر/  ساعة كيلوواط( 241019) الكلي على السطوح المائلة للالواح الشمسية الشمسي الإشعاع متوسط بلغ 

 إلى 1121 من النهائي العائد وتراوح. ٪6812 قيمته متوسط أداء وبمعدل سنة/  ساعة ميجاواط 7676 الكهربائية متوسط قدره  وتضخ الى الشبكة

/  ساعة كيلوواط 116 قيمة بمتوسط المصفوفة إنتاج معدل يتراوح. ٪4811 هو السنوي القدرة وعامل يوم،/  كيلوواط ذروه/  ساعة كيلوواط 2112

 .للمشروع ٪4212 بنسبة سنوية كفاءة بمتوسط ميغاواط 11472 السنوي (AC) انتاج طاقة وتبلغ. يوم/ ذروه  كيلوواط

 وفترة دولار، مليون 21026 هي (NPV)والقيمة الصافية الحالية , ،٪4010 هو( IRR) داخلي  عائد معدلب$  1700000 الاستثمار تكلفة إجمالي

للغلاف الغازي بما  انبعاثات الغازات الملوثة المشروع يحد منو ،411 هي (B / C) العائد الى التكلفة وجد ان نسبة عاما، 44 هي  المخصومة الاسترداد

 الكهربائية الشبكة إلى تصديرها يتم وان الطاقة الكهربائية التي ساعة كيلوواط/ $  LCOE) ) 0102تم احتساب . CO2طن من  4229241112 يكافيء

 الكهروضوئية الطاقة توليد محطة بناء الممكن من اتبثث أنه الدراسة هذه ان نتائج .ساعة كيلوواط/ $  0109( حسب تعريفة التغذية) البيع بسعر

 وتشجيع العراق في الأخرى المحافظات على تعميمها ويمكن التكلفة حيث من فعال كمشروع الكهرباء توليد واسع لغرض  نطاق على بالشبكة المتصلة

 المالية المدخلات معلمات من التيقن عدم من للتحقق الحساسية تحليل إجراء تم. المتجددة للطاقة الأساسية الاستثمارية التشريعات فرض على الحكومات

 .المفترضة وبيان ايها اكثر تاثيرا على المؤشرات الاقتصادية للمشروع
1. Introduction 

The forecasts demand of electricity which was made by the Ministry of Electricity of Iraq and Parsons Brinckerhoff, 

expected to reach to about 32.5 GW by 2030[1]. A significant increasing interest in solar energy all over the world 

to reduce the emission of greenhouse gases, increasing energy demand. The investing in solar energy field that are 

targeted at household supply needs to be considered to reduce the reliance on fossil fuels. Therefore, the 

performance of PV Power and profitability of the investment give assessment its economic viability. 

The total estimated solar photovoltaic installation in Iraq till 2016 is 17 MW [2]. The average annual value of global 

solar radiation in Iraq varies from (1700 to 2150) kWh/m2/year [3], which is of great importance in order to support 

the investor’s expectations for system performance and the associate economic return. It is clear that PV solar 

energy will become one of the major future sources of electricity generation. 

A comprehensive study   for various sites in Iraq adopting measured values of solar radiation (1961–1992), were 

showed the net annual solar radiation in southern 2017.77 kWh/m2/year and central regions 1755.23 

kWh/m2/year and higher than in the north. The annual net annual solar radiation was found 1800.3 kWh/m2/year 

[4]. In Morocco, an evaluation of a roof grid-connected photovoltaic (PV) system of 5 kW was conducted. The PV 

Park supplied the grid with 6411.3 kWh during the year 2015. The performance ratio (PR was found from 58% to 

98% and the annual capacity factor was found to be 14.84% while the power losses was 45.6% [2]. 

A Design Study of 20MW, 50MW and 100MW PV systems by using PVsys6.43. Software package in Saudi Arabia. For 

the solar system 20MW it was assumed that the operation cost and maintenance of 5% of the total cost. The 

annual energy was found 33.039GWh. The calculated tariff of the solar station varies from 0.216 to 0.24 $/kW/h in 

comparing with the applied (Feed in tariff) with 0.013$/kW/h in Saudi Arabia , and this tariff is responsible [7, 6].  

The present study proposes utility scale photovoltaic solar plant of 4MW capacity will be constructing in land by 

two methods: Mathematical modeling and PVsys6.43 software package simulation. The arising question of how 

much this proposed project will be acceptable from view point of technical and economical for both of the investors 

and Iraqi government? The answer will be in related to following steps of analysis and evaluation to achieve the 

targets of the study to asses and evaluate the following technical and economic output parameters: - 

-Evaluation of PV Power Plant performance parameters, monthly and annual production of electricity injected into 

the grid. 
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-Assessment of the selected site for construction the proposed PV Power Plant. 

-Economic analysis and evaluation to show how the Profitability and suitability to invest in such project.   

-studying the effects of technical and financial parameters on the main results of productivity, performance, 

viability of the project by doing sensitivity analysis. 

-The establishment of the basic outline of the plant will help to carry out a more detailed simulation of future work. 

 

2. The Potential of Solar Radiation at selected site  

The proposed Solar PV Power Plant to construct on the land at Al-Khidr district, AL- Mahmudiyah region of Iraq 

as seen in the Figure (1). It is located in (40) kilometers in the southern Baghdad. The geographical location of 

the selected site at 32.57 N (Latitude), 44.18E (Longitude). The land is free of plantations and it is suitable for 

the construction of residential, educational, health or economic utilities. It's located near the highway between 

Baghdad and the southern provinces of Iraq. The national grid is located near to the suggested site, which 

makes the cost of connection to the grid as low. The cost of the land is free of any, which encourages investing 

there. 

The monthly averaged solar Insolation Incident on a Horizontal Surface (kWh/m2/day) of the selected site was 

obtained from Surface meteorology and Solar Energy of atmospheric science data center of NASA, over 22 

years which is an excellent web resource of data [9] as seen in the Figure (2). The annual average of solar 

radiation 5.16 kWh/m2 /day. 

 

Fig. (1): Geographic location of proposed Utility Scale Solar PV Power Plant at AL- Mahmudiyah region, 32.958672N 

(Latitude), 44.300993E (Longitude).
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Fig. (2): Monthly Averaged Insolation Incident on a Horizontal Surface (kWh/m2/day) in Al-Khidr district at AL- 

Mahmudiyah

3. Mathematical Modeling of the Utility Scale Photovoltaic Power Plant 

3.1. Sizing of Solar Power Plant 

A grid-connected Utility–scale photovoltaic solar power plant with a capacity of 1.0 MW consists from 

polycrystalline silicon solar modules type Panasonic, HIT, VBHN240SJ25, N 240 Wp. Each panel consists of 72 

solar cells with, 19.0% module efficiency. The manufacturer’s technical specifications of both the modules and 

inverters are shown in Table (4). 

 

Table (4):  The manufacturer’s technical specifications of both the modules and inverters. 

Inverter ABB PVS800-57-0500kW-A Panasonic, Photovoltaic module HIT/VBHN240SJ25 

066 kWp Recommended max input power (PPV) 1 Electrical data (at STC) 

056 to 750 V (825 V) DC voltage range, mpp (UDC) 240 Max. power (Pmax) [W] 

900-1000V Maximum DC voltage (Umax (DC)) 5555 Max. power current (Imp) [A] 

1145A Maximum DC current (Imax (DC)) 5.50 Open circuit voltage (Voc) [V] 

  43.6 Max. power current (Vmp) [V] 

566kW Nominal AC output power (PN (AC)) 55.5 Short circuit current (Isc) [A] 

965A Nominal AC current +10/-0 Power tolerance [%] * 

98.6% Efficiency 5666 Max. system voltage [V] 

300 V Nominal output voltage (AC) 5.56 Solar panel efficiency [%] 

  0056 Temperature (NOCT) [°C] 

  -0.285 Temp. coefficient of Pmax [%/°C] 

  -0.123 Temp. coefficient of Voc [V/°C ] 

  25.. Temp. coefficient of lsc [mA/°C] 

  1580x798 Module dimensions (mm) 

 

www.eu-solar.panasonic.net, 05/2017.                                                                                                 Source: www.abb.com/solar.        Source: 

- Based on the desired size of the PV plant in Wp the number of PV modules needed is found by dividing the 

desired size with the nominal effect of a single module. [8]: - 

No, of modules= size of the total PV plant [Pnom] ÷ Nominal power [Wp]/module                                               ………. (1)                                      

No modules / array = Nominal power of the array÷ Nominal power [Wp]/module                                              ………. (2) 

http://www.eu-solar.panasonic.net/
http://www.abb.com/solar
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3.2. Determining the Maximum Open-Circuit Voltage 

The solar modules output power decreases with temperature above 25C˚ and increases with 

temperatures below 25C˚.The adjusted maximum open-circuit voltage for coldest design temperature (-

10C˚) in the winter, by using [10]:- 

Voc max, =Voc {1+ (Tc min-25) x (∆Voc/∆C/100)                                                                       ……………(3) 

  3.3. Determining the Minimum MPP Voltage 

The minimum PV module voltage Vmp value for hottest solar cell temperature 60 C˚ in the summer 

calculated from: - 

Vmpp,min = Vmpp {1+ (Tc max-25) x (∆Voc/∆C/100)                                                              ………….…. (4) 

3.4. Determining the Maximum PV Module Current 

The maximum current of PV module is the same as the string current and can be calculated from the 

equation [14]: - 

Istring = Isc {1+ (Tc max-25) x (mA/°C/100)                                                                                   ……………. (5)      

3.5. Determining the Number of PV Modules per String 

The number of PV modules in string much ensures that the string voltage is always above the minimum MPP 

voltage of the inverter. [14].    

   Maximum modules per series string= Inverter max MPP,DC voltage / Voc,Max                       ……………. (6)                                                

Minimum modules per series string= Inverter min. MPP,DC voltage / Vmp,Mi                             ………..…. (7)                                                      

3.6. Determining the String Number   

The minimum number of strings can be calculated from the ratio of the total PV array power and the power 

of all the PV modules of a string [14]. 

,

min.

max,mod mod /

DC Array

STR

ule ule string

P
N

P n



                                                                                         ………………….….(8)                                                                                                      

3.7. Determining the Inverter Efficiency  

The rated efficiency inv  of the inverter is the ratio of the full‐load AC nameplate rating ,inv acP divided by, the 

effective inverter DC rating
,inv dcP can be calculated from the following equation[12]:-  

,

,

inv ac

inv

inv dc

P

P
                                                                                                                   ……………………... (9) 
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3.8. Determining the Output Energy 

 The total energy is defined as the amount of alternating current (AC) power generated by the system over 

a given period of time. The total hourly, daily and monthly energy produced can be determined 

respectively as [12- 11]: 

24

, ,

1

AC d AC h

h

E E


                                                                                                              ………...…. (10)                                                                                    

, ,

1

N

AC m AC d

d

E E


                                                                                                                           …………. (11)                                                                                                                                           

Where; EAC,d is the daily AC energy output; EAC,m is the monthly AC energy output and N is the number of 

days in a month. 

The average of monthly and annual electrical energy production of the PV Solar system will depend upon 

the location and the orientation of the array. After subtracting the  

overall derating losses of the array, average yearly energy yield can be determined as follows [12]:- 

, , _ .

1

( )
m N

SY S annual array STC t temp man dirt inv pv inv inv sub arry

m

E P H L L L   






       
                                         ………(12)                                                                      

 

Parray-stc= rated output power of the array under standard test conditions, in watts,
tempL  = temperature 

de-rating factor, manL = de-rating factor for manufacturing tolerance, 

dirtL = de-rating factor for dirt, tH  = peak Sun Hours (PSH). inv  = efficiency of the inverter. _pv inv = losses 

of the (cables) between the PV array and the inverter 
.inv sub arry 

= losses of subsystem (cables) between 

the inverter and the switchboard. 

 

3.9. PV Solar Power Plant Losses 

The difference between the array output energy and the PV modules nominal power over a period of 

working time represents the array losses of the Solar system. These losses are the losses in AC and DC 

cables and connectors, mismatch losses, inverter loss, soiling due to dirt (sometimes snow) on the 

modules, ambient temperature, varying insolation levels, shading loss, and degradation of photovoltaic 

cells. All these losseswere adopted as 16.8% [7, 47-46]. 
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3.10. Performance Analysis of Solar PV Power Plant 

The performance of the 4 MW grid-connected system is analyzed using the performance parameters final 

yield (YF), array yield (YA),, performance ratio (PR) and capacity factor (CF). Energy output, array and 

system energy losses, system efficiencies (array efficiency, system efficiency and inverter efficiency), 

performance ratio and capacity factor [18-27]. 

3.10.1. Array yield YA  

The array yield (YA) is defined as (DC) energy output from the PV array over a given period of time 

normalized by the PV rated power. [28, 29].  

     
,

/DC
A P

PV rated

E
Y kWh kW

P
                                 ………. (13)                                                                                                    

                                                                                                                   

Where EDC is the DC energy output (kWh) from the PV array. 

3.10.2. Final System Yield (YF) 

The Final yield (YF) of PV solar power plant is the ratio of the total annual, monthly or daily net AC energy 

output (E) divided by the peak power of the installed PV array at the standard test conditions 1000 W/m2 

irradiance, 25˚C ambient temperature and A.M 1.5) [30-31]. It is given by the expression: -    

 ,

,

,

/
AC a

F a P

PV rated

E
Y kWh kW

P


           ………. (14)                                                                                                                                   

Where EAC is the (total) net energy output of the system kWh AC, ,PV ratedP is the peak power of the 

installed PV array kW DC.  

3.10.3. Performance Ratio PR 

Performance ratio (PR) is the ratio of the energy fed to the grid (final yield, YF) to the reference yield (YR). It can 

be expressed as [21]: - 

F
R

R

Y
P

Y
                    ………. (15)                                                                                                                                                          

3.10.4. Capacity Factor (CF) 

The annual capacity factor (CF) is defined as the ratio of the actual annual energy output of the PV system over 

a given period of time (usually one year) to the energy output that would have been generated if the system 

were operated at full capacity for the entire period. It can expressed as [29, 31- 32]:- 

   , ,

, 8760 8760 8760

AC a F a R R
F

PV rated

E Y P Y
C

P


  


      ………. (16)  
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3.10.5. The array efficiency ηP  

The array efficiency is the ratio of daily array energy output (DC) to the product of total daily in-plane 

irradiation and area of the PV array. It is calculated by the following equation [34]: - 

 ,100
%

DC day

pv

t m

E

H A






                      ………. (17)

 

Where Am = array area (m2). Ht total daily in-plane irradiation. 

3.10.6. System efficiency SY S 

The overall system efficiency represents the performance of the entire PV system installed and it is given 

as [35, 36]:- 

    
100

%AC
SY S

t m

E

H A






                                           ………. (18)                              

 

 

3.11. Modelling of solar radiation  

The ratio of normal beam radiation on tilted surface (HBt) to radiation on horizontal surface (HB) is given in 

terms of θz and θ as shown in the Figure (3)[37].  

 

 

Fig. (3): Beam radiation on horizontal surface and tilted surface. 

/ cos / cos cos / cosBt B n n Z Z BH H H H R                    ………. (19)                      

Where RB is called the beam radiation tilt factor, θZ the zenith angle, θ the incident angle. 

3.11.1. Incident angle; the amount of angle between the light coming directly to a surface, and the 

normal to that surface. It represents the sun’s angle of incidence.  For a surface in northern hemisphere 

facing south direction (i.e. the azimuth angle  =0) with latitude ( ), the angle of incidence ( ) for a tilted 

surface at tilt angle ( ) at an a hour angle ( ) can be mathematically expressed by following relation [38]: 

   sin sin cos cos cosCos            ………. (20)  
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3.11. 2.Hour Angle, ω 

The hour angle, ω, is the angular distance between the meridian of the observer and the meridian whose plane 

contains the sun. The hour angles at sunrise and sunset (ωS) have the same value and at solar noon equals 

zero, however, the sunrise angle is negative and the sunset angle is positive. Both can be calculated for 

horizontal surface from: 

cos tan tanS                                                    ………. (21)                                                                                                                                            

The sunrise and sunset angles for a titled surface (ωS‘) facing the equator (in the northern hemisphere) is given 

by:-                                                          

 cos ' tan tanS    
                                      ………. (22)                                                                                                                                  

A check must be made to find the actual sunrise angle over the tilted plane since ωst cannot have values 

greater than ωs, the complete equation for ωst is given by [38]:-                                                                                                                                   

  1' min , cos tan tanS t S ar                    ………. (23)                                                                                                        

3.11. 3. Sun declination angle 

, δ, is defined to be that angle made between a ray of the Sun, when extended to the center of the earth and 

the equatorial plane.  

The declination angle (δ) varies from a maximum value of +23ᶱ.45 on June 21st–22nd to a minimum value 23ᶱ.45 

in December 20th –21st. Its value is zero on March 22nd and September 22nd of the year. Declination angle is 

calculated using the following relation [39-41]:- 

 
360

23.45 sin 284
365

d
 

   
 

                                ………. (24)                                                                                                                               

Where d is the day of the year.  

3.11.4. Azimuth Angle   

The solar azimuth angle is the angle of the sun's rays measured in the horizontal plane from due south 

(true south); westward is designated as positive for the northern hemisphere. It is depending on the same 

three angles as the solar altitude angle. Following equation can be used to calculate the solar azimuth 

angle [42, 43]:-  

                                                                   ……..(25) 
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The azimuth angle for the morning hours is ‐π+| | and for the afternoon hours is π‐ .  

 

3.11. 5. Solar Elevation (Altitude) Angle α 

The angle of solar elevation, α, is defined the angular measure of the Sun’s rays above the horizon. For 

noon altitude αn for points in the Northern hemisphere, the angle is given by [42, 43]: - 

90 z                          ………. (26)                                                                                                                                                                                                                                                                                                                     

The angle of solar elevation for times of day other than local noon can be expressed as: - 

1cos sin (sin .sin cos .cos .cos )z         ……. (27)                                                                                           

3.11. 6.  Inclination angle (β)  

The amount of angle created by the panel surface plane given horizontally.. Inclination angle varies between 

0º≤ β≤180º. The angle value can be calculated by the relation in equation 5 [42, 43].  

Tanβ = |tanθz| cos γs                    ………. (28)                                                                                                                          

               

3.11. 7.  Zenith angle (θz) is the angle between the line to the sun and the vertical axis. Zenith angle is 90º 

during sunrise and sunset whereas it is 0º at noon or midday (12:00, it is given by [44,45] : - 

1cos (sin .sin cos .cos .cos )z        ……. (29)                                                                                             

 Or from  

θΖ = 90° - altitude angle (α)                                   ………. (30)                                                                                                                                

  

3.11.8. Modelling of solar irradiation on inclined surfaces 

                                                                                                      

The total of average global radiation solar radiation on horizontal surface represents the summation of 

horizontal beam and diffuse radiation as below[46-50]: -  

g B dH H H                                                     ………. (31)                                                                                                                                                                                                                                                                                  

The total of solar radiation received on an inclined surface (  t) is the sum of the monthly average daily of 

(beam radiation   B , diffuse radiation directly incident on a surface   D, and reflected by the surroundings 

radiations   R). Thus, the monthly average total solar radiation in 

 2/ /kWh m day  on an inclined surface is expressed as [51]:- 

    t B D RH H H H     …..(32)                               
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The monthly average daily of beam radiation,   B, falling on a tilted surface is given as [51]:-  

                                                                 

 B g d bH H H R                                            ………. (33)                                                                                                                                  

Where,   g   and   d are the monthly average daily global and diffuse radiation on a horizontal surface. 

The mean beam radiation tilt factor can be written in the form of: - 

   

 

cos cos sin sin sin
180

cos cos sin sin sin
180

s s

b

s s

R


       


     

 
   

 
 

  
 

       ………. (34)                                                                                                  

The monthly average daily reflected radiation   R reflected by the surrounding falling on tilted surface is given 

by:- 

     R g rH H R                                                   ………. (35)                                                                                                                                                    

Where, ρg is ground reflectivity assumed as 0.2 for hot and humid tropical location as suggested by [52] and (   r 

) the mean reflected conversion factor 

  1 cos

2
r gR




 
  

 

                                       ………. (36)                                                                                                                                              

The monthly average daily diffuse radiation falling on a tilted surface is given by [52]: - 

 

    1 cos

2
D d d dH H R H

 
   

 

                            ………. (37)   

3.12. Determining Inter-Row Shading and Array Spacing by two methods 

The calculation of the inter-row spacing for tilted ground mounted PV systems to avoid potential shading issues 

and have the ability to increase the system size was calculated by two methods. 

 

3.12. 1.  Landscape and portrait orientation 

Shading of any single cell of PV module will drastically reduce the output of the entire PV module. To calculate 

shading distance (D) and therefore row space for both portrait and landscape orientations as displayed as in 

Figure (4) using the following equations [53]: - 

sin( ).
sin

Portrait

L
D  



 
   

 
                                     ………. (38)                                                                                                                                   

sin( ).
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W
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                                  ………. (39)     
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Fig.( 4 ): shading distance (D) and  row spacing 

3.12. 2.  Determining Module Inter-Row Spacing using the sun path chart 

The average daily solar insolation (kWh/m2 / day) is referred to as “peak sun hours” which describes how much 

solar energy is available during a day. The path sun chart was used for determining the Module Row Spacing 

and minimum Module Row Spacing. The height difference (h) from the edge top of back of the module to the 

surface in the Figure (5) is [53, 54]:- 

The inter-row spacing between the back edge of the first row of modules and the front edge of the next row 

which represent the shadow length can be expressed as[53, 54]:- 

Height Difference (h) = Sin (Tilt Angle) x Module Width (w)                    …….(40)                                                                                       

Module Row Spacing = Height Difference (h) / tan elevation angle (α)        ………. (41)           

Determine the azimuth angle correction from the sun path chart, by drawing two vertical reference lines down 

from each time reference.  The difference between South going in either direction turns out to be 31º and we 

will use this in the following formula to determine the Minimum Module Row Spacing as below [53, 54]:- 

Minimum Module Row Spacing = Module Row Spacing x Cos (Azimuth Correction Angle)       ………. (42)   

      

 

Fig. (5): Determination of module row spacing. 

3.13. Economic Calculation  

The total Equipment cost components, balance of system (development, electrical infrastructure, 

assembly and installation), Total Direct and Indirect Labor Costs, and Supply chain costs and fees. The cost 

of these components was considered according Modeling Inputs and Assumptions of Utility-Scale PV 
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Utility-Scale PV (Fixed-Tilt) of calculation of LCOE which was presented by NREL for utility-scale systems 

built in the first quarter of 2017 (Q1 2017) and the expected rapidly annual declining in solar PV costs . 

Total Capital Cost (I) was found $ 3600000 for 4MW Project[55]. 

For calculation of LCOE, the following were taken into consideration in evaluating the costs of kW h of energy 

produced:  -  

4.The discount rate was taken as 5% 

2. The inflation rate was taken as 3% [60]. 

3. Module life time 25 years. 

4. The capital cost was taken as according to NERL repot of 2017 [61].  

5. PV O&M cost estimates was considered according to NREL, as 0.5% of system initial cost per year for large 

systems [62]. 

6. Annual degradation 0.75% 

7. Debt interest rate 2%& Annuity Factor (Fraction of Capital) =6.12.

 

3.13.1. Levelized Cost of Energy (LCOE) method 

The LCOE equation applied in this paper is includes capital expenditures (I), operational expenditures (O&M), 

annual energy production (Yo). Levelized Cost of Energy (LCOE), is the net present value of the unit-cost of 

electricity over the lifetime of the solar system in cents / kWh or $/MWh. It is a first-order economic 

assessment of the cost competitiveness of an electricity-generating system is given by [56, 57]: - 

1
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               ………. (43)                                                                                                                                 

Where: N = PV system life [years], I = total initial investment [$/kWp], O&M= annual operation and 

maintenance expenditures (OPEX) [$/kWp], RV = residual value [$/kWp], r = discount rate [%], Y0 = initial 

yield [kWh], D = system degradation rate [%]. 

3.13.2. Net Present Value (NPV) Method 

The net present value (NPV) is the difference between the value of all benefits (cash inflows) and costs 

(cash outflows) of the project, discounted back to the beginning of the investment  and were calculated 

from  [58, 59]:- 

 
1 (1 )

n n
o ni

C
NPV C

R
  




         ………. (44)                                                                                                                                          

 Where, C0 = Initial Investment Amount, Ci = Cash Flow, n = No. of Years and Nominal Discount Rate(R). 
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The real rate of discount (r) adjusted for inflation rate (i) to obtain Nominal Discount Rate (R) from the 

expression [63,64] as:- 

Nominal Discount Rate= (1+Real Discount Rate) (1 + Inflation Rate) – 1                                                  ………. (45) 

                   

3.13.3. Discounted Payback Period  

Discounted payback period is used to evaluate the time period needed for a project to bring in enough 

profits to recoup the initial investment which accounts for time value of money by discounting the cash 

inflows of the project by the following equation[65]:- 

. Discounted Payback Period = A + (B÷ C)          ………. (46)                                                                                                 

Where, A = Last period with a negative discounted cumulative cash flow; B = Absolute value of discounted 

cumulative cash flow at the end of the period A; C = Discounted cash flow during the period after A.  

3.13.4. Internal Rate of Return (IRR) 

The internal rate of return (IRR) is defined as the discount rate which sets the (NPV) of a series of cash flows 

over the project life equal to zero, the rate which is produced by the solution is the project's (IRR).It computed 

by either trial and error in excel or by using formula. It can be computed from the following expression [66]:- 
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.... (47)                                                                                           

3.13.5. Benefit-Cost Ratio (BCR) 

   The benefit-cost ratio (BCR) is the ratio between discounted total benefits and costs and computed from 

the following equation [65, 66]:- 

 

 

 

 

1 1

1

1 1
1

1

n

n n

n

o n

R
C

R R
BCR

R
C m

R R

  
 

  
   
   

    

                                   ………. (48)                                                                                                                                         

 

3.13.6. Simple payback period (SPB) 

It represents the period to recoup the investment cost of the project. Tax and insurance related issues are not 

included in order to make the analysis less complicated. Simple payback is the number of years necessary to 

recover the project cost of a Payback period (PBP) is the year in which the net present value of all costs equals 

with the net present value of all benefits, i.e .NPV=0, it is computed from [65]:- 
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                               ………. (49)                                                                                                                                        
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  4. Results and Discussion 

4.1. Results of Solar PV Power Plant design 

1. The plant consists from 16688 polycrystalline silicon solar modules type Panasonic, covering a total surface 

area of (21041) m2 and inclined at 31°toward the south. The PV modules are arranged into 8 arrays and 8 

inverters, each array with a nominal PV Power of 500 kWp consist of (2086 modules) forming149 strings in 

parallel, each string consists of 14 modules in series were connected to ABB central inverter, PVS800 –57-500 

kW-A. The maximum open circuit voltage of the each array , Voc, (791V) and Vmpp (546V) which both of them 

are more than minimum Vmmp (450V) of each of the eight inverters and less than the maximum voltage limit 

of each inverter, Vmpp (825V), and this will insure that each inverter will operate at safe case of voltage levels. 

The voltage at AC inverter side will export to grid via feeders and medium voltage transformer, this part was 

not taken into consideration at this study, so it will be for future study.  

4.2. Results of solar radiation on optimal tilts plane angle 

A-The optimal tilt angles were found as: 56˚ for Winter, 34˚ for Spring, 8˚ for Summer, 29˚ for Autumn and 32˚ for 

annual installation of the modules. The results were compared with the results of the software simulation (PVsys6) 

as shown in Table 2. The seasonal and yearly optimal tilt module angles which were calculated in (PVsys6) software 

simulation were found as following: - 

B-PVsys6.43 software suggest that the year is dividing into 2 parts, each of (6 months), i.e. the summer months 

include (April to September) and Winter months include (October to March) for the field type of (fixed tilted plane), 

and this scenario is not acceptable 100% within the weather environment of Iraq. The optimum tilt plane angles in 

PVsys6.43 were found as 53˚ for Winter,12˚ for Summer and 31˚ for annual. The differences between these two 

procedures due to mentioned suggestions of PVsys6.43 and the deference's of the applied algorithms. 

 

Table 2: Monthly, seasonally and annually optimum tilt angles of 4.0MW PV Power Plant Al-Khidr district. 

Month 
Monthly(β˚opt) 

Math. Model 

Season 

 

Seasonal (β˚opt) Annually(β˚opt) 

Math. 

Model 
PVsys6.43. Math. Model PVsys6.43. 

Jan. 56 Winter 56 

53 

32 

 
31 

Feb. 51 

Spring 
34 

 
Mar. 34 

Apr. 18 

12 

May 8 

Summer 
8 

 
June 8 

July 8 

Aug. 12 Autumn 29 
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Sept. 29  

Oct. 45 

53 Nov. 56 
Winter 56 

Dec. 56 

 

C-The total monthly average daily insolation on the tilted modules   t were calculated by using both of 

mathematical modeling and PVsys6.43 software simulation. The Figure (6) represents the variation of the 

total monthly average daily solar energy incident on the titled modules at the optimum tilt angles as 

following:- 

-The system will harvest 5.16 kWh/m2/day at Winter months with tilt angle of 56˚ in mathematical modeling 

and 5.46 kWh/m2/day in PVsys 6.43 simulation.

 

 

Fig (6): Variation of the total monthly average daily solar radiation on different tilt plane angles at Al-Khidr 

PV Power Plant. 

- the average value of total solar energy in Summer months is 5.39 kWh/m2/day at tilt angle 8˚ from 

mathematical modeling, while it was found 5.58 kWh/m2/day at a tilt angle 12˚ in PVsys6.43 simulations. 

-An average value of 5.63 kWh/m2/day and 5.65 kWh/m2/day at tilt angles of 34˚ and 29˚ in mathematical 

modeling, while the values were found 5.69 kWh/m2/day and 5.72kWh/m2/day at the same tilt angles 

during spring and Autumn in PVsys6.43 simulations respectively.  

-The annual value of the total monthly average daily solar energy 5.6 kWh/m2/day incident on the tilted 

angle 32˚ of the modules in mathematical modeling, while this value was found as 5.84 kWh/m2/day in 

PVsys6.43 simulations at a tilt angle 31˚. It considers as good primary indicator of solar energy availability in 

this selected site. 
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The variations rate of the results from PVsys6.43 were 2.8% to 6.3% more than the same results of math. 

Modeling. The differences caused by Liu and Jordan model (1963) assumption which applied in PVsys6.43, 

that the diffuse radiation is isotropic only; whereas, circumsolar and horizon brightening were taken as zero 

[16, 20].  

-The global (total) of the annual solar radiation on the inclined plane variation from 2130.8 kWh/m² to 

2062.468 kWh/m² at mathematical modeling while its variation were 1980 kWh/m² and 1938 kWh/m² in 

PVsys6.43, which gives an excellent density of solar radiation for installing solar PV system. 

4.3. Results of DC Output Energy analysis   

1-The monthly generated DC energy of the PV Power Plant varies from minimum values 442.61MWh to 

432.4MWh at November to a maximum value 660.77MWh and 671.5MWh at August in mathematical and 

PVsys6.43 respectively.  

2- The annual DC output energy of the PV arrays of suggested Power Plant was found 6814.9277 MWh/year 

(math. Modeling) and 6885.9 MWh/year (PVsys6.43simultion). The differences between the results of the 

two methods are not big (1.6% for DC energy). 

3-The effect of maximum and minimum temperatures on the average monthly DC output energy were 

analyzed by the mathematical method at a tilt modules angle of 32˚ and  by PVsys6.43 simulations at a tilt 

angle 31˚ are shown in the Figure (7). The increase/decrease of the solar cells temperature determination 

with respect to the given external condition from NASA SEE, mainly affects the I/V curve voltage, and 

effective losses are strongly dependent on the array overvoltage with respect to the operating voltage. 

 

4.4. Results of AC Output Energy analysis   

1-At optimal annual tilt angles 32˚ and 31˚, the solar electric energy that feeds to grid from AC inverters 

sides varies from month to month. The maximum value occurs during the Summer season (as example, 

651.52MWh and 671.5MWh at August) and minimum value occurs at November month (442.61MWh and 

432.4 MWh) at both of mathematical modeling and PVsys6.43 software methods respectively. 

2- From the Figure (10), were found as following: - 

- The maximum, minimum and annual AC solar energy delivered to the grid at optimal annual tilt 

angle of the modules 32˚ were found 6903.354MWh/year, 6470.835MWh/year and 6719.519 at 

mathematical modeling respectively, while the annual delivered energy was found 6766.2MWh/year by 

PVsys6.43 simulations at a tilt angle of 31˚. 

- The percentage difference of the average annual generated energy between the mathematical 

modeling and PVsys6.43 software was found very small (0.69%) which could be neglected and give the 

advantage of the high accuracy of the applied mathematical modeling.  

- The analysis of the studied project gives an indication that the harvested solar energy delivered to 

the grid more than 500 MWh/month from February to October, which means about 0.75 of the year days, 

the proposed PV Power Plant will be able to supply a variable solar energy from 500MWh/month to a 

maximum value of 674.29MW h/month. 
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- The high increase in an ambient temperature throughout the Summer months (especially through 

July month) with 2% and 2.9% decreasing in delivered solar energy with respect to June month and August 

months respectively.   

-  The output energy through the Winter months will be in the range of 450 - 500 MW h/month as 

shown in the Figure (8). 

 

 

Fig. (7): The effect of maximum and minimum temperatures on the DC output energy (math. Modeling). 

 

 

Fig. (8): The effect of maximum and minimum temperatures on the AC output energy (PVsys6.43 simulation). 
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4.5. Performance Analysis of PV Power Plant 

4.5.1. Final System yields YF 

The Final System yield is an ideal indicator of the energy produced in accordance with the system size and 

represents the daily useful energy, referred to the nominal power [kWh / KWp / day]. 

 1- The maximum values of the average of operation is 6.37 hours / day at a tilt angle β=8˚, during June 

month, 5.7 hours/day during August month with β=29˚, 5.46 hours during the June at β=34˚, and 4.83 hours 

/ day during September with a tilt panels angle of 56˚.  

2- The maximum of average daily of operation hours on an annual tilt angle β˚=32˚ and β˚=31˚ of modules, 

was found 5.38 hours/day and 5.45 hours/day at June month in both of the mathematical and PVsys6.43 

simulation calculation methods respectively. 

3- The average monthly of daily values of (YF) increase from 3.95 hours/day at January to 5.38 hours/day at 

June and decrease to 3.62 hours/day at December month at an optimum annual tilt panel angle of β= 32˚ in 

mathematical modeling. At a tilt angle β= 31˚ in PVsys6.43 simulations, the minimum value of 3.53 h/d at 

November. 

5-The average value of annually of (YF) was found 4.59 hours/day and 4.62 hours/day at in both of the 

mathematical and PVsys6.43 simulation calculation methods respectively as in Figure (9). 

 

 

Fig.(9 ): Final System Yield (YF) of PV Power Plant in Al-Khidr district.
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4.5.2. Array yield (YA) 

The array yield YA results which represents the time, measured in kWh/kWp or (h/d), that the PV arrays at 

the proposed plant must be operating with its nominal power given in the Figure (10 ) as: - 

1-The monthly averaged array yield ranged from minimum value 3.678 h/d and 3.60 h/d (December) to a 

maximum value of 5.46 h/d and 5.55 h/d (June), while the annual average values were found 4.65 h/d and 

4.71 h/d in both of mathematical and PVsys6.43 simulations respectively. 

2-The Figure (10) show the compatibility of Yield Array values in both of mathematical and PVsys6.43 

simulations, which give an indication of good accuracy of the mathematical modeling procedure. 

 

 

Fig. (10): Array yields of the PV Power Plant at Kidhr site. 

4.5.3. Performance Ratio PR 

Performance ratio (PR) which is the ratio of the final yield (YF) to the reference yield (YR), shows the overall 

effect of PV Power Plant losses as in Figure (11).

1. In mathematical modeling, it was found that PR variation from minimum value of 78.5% due to high 

losses of temperature rising at June month to maximum value of 84.89% at January month due to the 

decrease in temperature as in the Figure (16). 

 

2. In the analysis of PVsys6.43, it was found that PR values changing from minimum value of 75.7% at June 

month to a maximum value of 84.3% at January month. The average yearly value of 81.2% and 79.2% which 

were calculated in mathematical and PVsys6.43 respectively. This parameter was used for evaluation of the 

long term changes in the performance of PV Power Plant and gives the indication of the loss in the 

performance of the system.  
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4.5.4. The array efficiency ηPV 

The array efficiency represents the mean energy conversion efficiency of the DC power output of PV arrays 

w.r.to the product of total daily in-plane irradiation and area of the PV array. The average of annual value of 

the array efficiency were 15.35% and 15.7% at mathematical and PVsys6.43 simulations. Its represent an 

excellent conversion efficiency of the DC output power of studied PV project as shown in the Figure (12). 

 

 

Fig.(11 ): Performance Ratio of PV Power Plant at at Kidhr site.

 

 

Fig.( 12): Average monthly arrays efficiency of PV Power Plant at at Kidhr site. 
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4.5.5. System efficiency SY S
 

-The overall system efficiency variation from minimum value14.95% and 14.4% at June month due to high 

temperature of the environment, to a maximum value of 16.15% and 16.05% at the coldest month(January) 

in mathematical and PVsys6.43 modeling as shown in the Figure (13).  

- The average annual efficiency of the PV Power Plant was found 15.5% and 15.0% in mathematical and 

PVsys6.43 modeling respectively. This an excellent indicator for encourage of   investment of this proposed 

project at Al-Khidr district in AL- Mahmudiyah region.  

 

Fig.(13 ): Average monthly system efficiency of PV Power Plant at Kidhr site. 

 

4.5.6. Capacity Factor (CF) 

The average annual value of capacity factor CF of the proposed 4MW PV Power Plant was found 19.13% 

and 19.4% in both of mathematical and PVsys6.43 modeling which is considered good [26]. As shown in the 

Figure (14). 

 

Fig. (14): Capacity Factor, CF, of PV Power Plant at Kidhr site. 
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4.5.7. Solar PV Power Plant Losses 

In PVsyst6.43, The array loss parameters (Thermal losses- Ohmic wiring losses- Module quality losses- 

Mismatch losses –inverter loss during operation (efficiency) - Incidence angle (Incidence angle modifier 

(IAM), or the reflection loss corresponding to the weakening of the irradiation really reaching the PV cells 

surface soiling losses, losses was computed by the software which causing a decrease of the array output 

energy by 20.9% as shown in the Figure (15). Initially those losses are default set with a reasonable default 

values. The applied value of all losses in mathematical modeling was set as 16.8% according to the 

literatures and references.  

 

4.6. Results of Inter-Row Shading and Array Spacing 

The total of the average monthly solar radiation received on an inclined surface with optimum tilt angle 

(βopt=56˚) for the design month (21 December) was found (4.56 kWh/m2/day). The peak sun hours was 

found as PSH= 4 Hours/day for (December 21), the shortest day of the year (during the winter solstice for 

the worst case scenario).The results of Inter-Row Shading and Array Spacing as listed in the Table 3. 

 

Fig. (15): The yearly losses diagram of the proposed PV Power Plant in Al-Khidr district.
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Table 3:  Module Row Spacing of the suggested Solar PV Power Plant. 

 sun path 

chart 

Landscape portrait 

Module Row 

Spacing 

1.713m 1.237 1.868 

Minimum 

Module Row 

Spacing 

1.468 1.060 1.601 

4.7. Results of Economic Calculation 

A-The assumed cost of Utility-Scale PV Power Plant was done using the equations of economic analysis, 

excel worksheets, and PVsys6.43 were used in this calculations.  

B-The Total Capital Cost of the project of $ 3,600,000. 

C-The emission analysis worksheet gives the greatest amount of net annual GHG emission reduction (Saved 

CO2 Emissions=122821.435 tons). 

D-The financial worksheet provides the following results: - 

 The total annual saving and income $ 541,360 which represent how much could the project save to 

recoup the initial cost to make the project profitable and viable by assuming the generated electricity will 

export to grid with Feed-in Tariff of 0.08$/kWh. 

 The Net Present Value NPV $5026283, this positive value indicates that the project is feasible at the 

nominal discount rate (2%). 

 IRR as the discounting rate was solved by trial and error method with Excel worksheet .The required 

minimum IRR 10% which represent the threshold value that the investor must compare with the Firm IRR. 

The higher value of IRR is recommended for feasible project. 

 The Discounted payback is found in 11 years. The repayment period is reasonable for the investor 

to recoup the investment cost of the proposed project.  

 The benefit –cost ratio was found 1.49 which mean the project is acceptable, i.e., is economically 

satisfactory. 

 Energy production cost 50. $/MWh with an electricity exported to grid 6767MWh per year at 

overall Solar PV Power Plant with a performance ratio 79.1% and capacity factor of 19%. 

 Annuity Factor (Fraction of Capital) =6.12% for debit payment and annual cost. 

167 
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5. Sensitivity analysis 

There is some uncertainty due to the assumption of key input economic parameters that impact on 

financial indicators and need to examine how is the profitability of the project affected by the errors in the 

values of input parameters. 

Variation of the input parameters over a range (±10%) to indicate which parameters cause the most 

changeability of the financial indicators. In addition to identify the most sensitive inputs to investigate the 

effects of uncertainty of the input parameters such as (Annual Productivity Price, O&M, Initial Investment, 

Discount rate, Inflation Rate and Debit interest rate) on the financial indicators .  

The values of input economic parameters are considered “Base Case " and several variables are uncertain 

to determine which of them will significantly affects the results of NPV, LCOE, B/C ratio, IRR and discounted 

PBP. In the last seven columns, one variable at a time was varied by (±10%) in the direction that will 

decrease or increase (NPV, LCOE, B/C ratio, discounted PBP) as shown with yellow cells in the Table 4 and 

Table 5. Over these ranges, as illustrated below: - 

1.The decrease in annual productivity (-10%) causing sensitive reduction of 40% in NPV,20.43% in LCOE, 

44% in B/C ratio and increasing discounted PBP by15.38%. The increase of annual productivity caused an 

increasing of 23.45% for NPV, 7.40% for LCOE, 23.45% for B/C ratio and decreasing 22.2% for PBP. It is seen 

that the NPV is very sensitive to value of annual productivity of Solar PV Power Plant. 

2. It was found sensitive effects of sell price of electricity on the financial parameters, hence it was found a 

reduction in NPV 44%, LCOE 20.43%, B/C 44% when FiT decrease by (-10%) ,while an increasing of sell price 

(+10%) was made a an increasing of 23.4% for NPV, 16.6% for LCOE, 23.46% for B/C ratio and decreasing 

PBP to 22.22%. 

3. The effects of O&M were causing a small variation ±1% in NPV and null variations in LCOE and B/C ratio. 

4. The interest rate is very sensitive for financial parameters, the decrease in discounted interest rate (-

10%) was caused an increasing of 4. 4% for NPV, 3.448% for LCOE and 4.38% for B/C ratio, while the 

increase of interest rate (+10%) caused decreasing the values of NPV, LCOE, B/C with percentage decrease 

values of -4.67%, -2.0% and -4.96% respectively. 

5. The decreasing in inflation rate of (-10%)  causing a reduction in NPV, LCOE, B/C with percentages of -

7.0%, -3.7%, -7.38% while the increase of (+10%) caused by increasing these parameters with percentage 

values of 6.46% , 5.66%,6.30% and decreasing PBP by 10%.  

6. The decreasing of debit interest rate have positive effects on NPV while its increasing have negative 

effects on NPV. 
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Table 4: Variables input parameters Deterministic Sensitivity Analysis. 

First Scenario of percentages variations with yellow cells corresponds to each of input parameters with (-10%) 

Parameters Base Case  

Annual 

Productiv

ity 

Varied 

Price 

Varied 

O&M 

Varied 

Initial 

Investme

nt Varied 

Discount 

rate 

varied 

Inflation 

rate 

varied 

Debit 

interest rate 

varied 

Annual 

Productivity-KWh 
6767000 6090300 

6767000 6767000 6767000 6767000 6767000 6767000 

FiT(Sell Price-

$/KWh) 
0.08 0.08 0.072 0.08 0.08 

0.08 0.08 0.08 

Annual O&M 5.666 5.666 5.666 50.66 5.666 5.666 5.666 5.666 

Initial Investment 2066666 2066666 2066666 2066666 2.06666 2066666 2066666 2066666 

Discounted rate 2% 2% 2% 2% 2% 1.8% 2% 2% 

Inflation rate 3% 3% 3% 3% 3% 3% 2.7% 3% 

Debit interest rate 2% 2% 2% 2% 2% 2% 2% 1.8% 

NPV 5026282.9 20.06055

2 

20.06055

2 

56440.05

0 

56.0...5

. 

5.5..645

4 

00.0.055

0 

5146516.478 

LCOE 0.05 656005 65605. 65655. 0.05 6565.2 6560. 0.0517 

D.PBP 11 52 52 55 56 55 55 11 

B/C 1.396 65.0. 65.0. 1.41 552.0 5500 552 1.429 

Percentages variations each of output parameters with (-10%) 

NPV (variation %) 0% 44% - 44% - 1.0%+ 0% 4. 4%+ 7.0% - 2.33% 

LCOE 0% -20.43% -20.43% 1.58% 0% 3.448% -3.7% 2.33% 

Discounted .PBP 0% 15.38% 15.38% 0% -10% 0% 0% 0% 

B/C 0% -44% -44% 0.99% 0% 4.38% -7.38% -4.96% 
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Table 5: Variables input parameters Deterministic Sensitivity Analysis. 

Second Scenario of percentages variations with yellow cells corresponds to each of input parameters with (+10%) 

Parameters 

Base Case 

(Most 

likely) 

Annual 

Productiv

ity 

Varied 

Price 

Varied 

O&M 

Varied 

Initial 

Investme

nt Varied 

Discount 

rate 

varied 

Inflation 

rate 

varied 

Debit 

interest rate 

varied 

Annual 

Productivity-KWh 
6767000 7443700 

6767000 6767000 6767000 6767000 6767000 6767000 

FiT(Sell Price-

$/KWh) 
0.08 0.08 0.088 0.08 0.08 

0.08 0.08 0.08 

Annual O&M 5.666 5.666 5.666 48900 5.666 5.666 5.666 5.666 

Initial Investment 2066666 
2066666 2066666 2066666 187000

0 

2066666 2066666 2066666 

Discounted rate 2% 2% 2% 2% 2% 2.2% 2% 2% 

Inflation rate 3% 3% 3% 3% 3% 3% 3.3% 3% 

Debit interest rate 2% 2% 2% 2% 2% 2% 2% 2.2% 

NPV 5026282.

9 

6566500.

6 

0500566

.0 

0.45645

.2 

56.0...

.. 

0.65.44

.0 

5242.5.

.. 

4904740.77 

LCOE 0.05 65650 6560 65656 65656 6560. 65652 0.05 

D.PBP 11 . . 55 5. 55 56 11 

B/C 1.396 55..0 55..0 552. 55.4 5522 550. 1.36 

Percentages variations each of output parameters with (+10%) 

NPV (variation %) 0% 23.45% 23.4% -1.% 0% -4.67% 6.46% -2.47% 

LCOE 0% 7.40% 16.6% 0% 0% -2.0% 5.66% 0% 

Discounted .PBP 0% -22.2% -22.22% 0% 8.33%3 0% -10% 0% 

B/C 0% 23.45% 23.46% -1.159% -9.92% -4.96% 6.30% -2.64%4 
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5.1. Sensitivity analysis to Internal Rate of Return (IRR) 

The internal rate of return (IRR) on a project is the rate of return at which the projects NPV 

equals zero was found 10% as in Figure (16), by using excel worksheets. At this point, a 

project's cash flows are equal to the project's costs. Similar to how management must 

establish a maximum payback period, management must also set what is known as a "hurdle 

rate", the minimum rate of return a company will accept for a project. When a project is 

reviewed with a hurdle rate in mind, the greater the IRR is above the hurdle rate, the greater 

the NPV, and conversely, the further the IRR is below the hurdle rate, the lower the NPV. 

 

Fig. (16): Internal Rate of Return of Solar PV Power Plant. 

6. Conclusions 

1. The technical assessment of the proposed project stated the suitability of selected site for 

construction of 4MW Utility Scale Solar PV Power Plant at AL- Mahmudiyah region with an 

optimum annual tilt angle of module 31˚ which will inject 6767MW into the grid annually at 

performance ratio 79.2% and final yield (Yf) ranged from 3.53 to 5.45 kWh/kWp/day. 2-The 

Solar PV Plant at an annual capacity factor of 19.4% and average annual system efficiency of 

15.5% consider active when producing annual AC output power of 3.162MW.The 

performance parameters of the studied project consider viable and attractive for investors 

to invest and construct such Solar PV Power Plant. 

3. The economic evaluation proved that the project will be feasible and profitably after 11 

years of running which maybe seems for investor as long for earning quick profits, but the 

potential investors should not expect that the project will generate profits during the first 

years as this kind of investments is profitable on the long run. 

4.The economic evaluation of the project in related to sensitivity analysis, suggest that if the 

selling price (Feed in Tariff raised from 0.08 to 0.088 $/kWh) the project will earn NPV of 

6.567 million dollars at discounted payback period of 9 years and LCOE 0.06 $/kWh (which is 

very accepted with the newest report of NREL which limits the LCOE of Utility Scale Solar PV 

Project at a range of 5.0-6.6 cents / kWh for utility-scale fixed-tilt systems) [85] and benefit 

cost ratio of 1.824.  
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5. The analysis was done for a specific investment strategy that consisted of constructing a 4 

MW plant that could be extended to a larger system scale. A more in depth analysis would 

be to look at the different ways, the investment can be done and compare them. This 

project could be generalized to other Iraq districts for different load types (i.e., industrial, 

economic, etc.). The results of this work should encourage governments to impose new 

legislations related to renewable energy investments that limit all the financial parameters 

such as (FiT, taxes, interest rate, debit interest rate, subsidies, etc...). 
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