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Abstract 
 
The performance of the solar PV system depends on several factors, such as 

the surrounding environmental conditions, the design and technical 

parameters of the system. The periodic evaluation performance, it develops 

expertise and increases knowledge to overcoming errors when design and 

building the PV solar energy systems. In this paper, there are several 

seasonal variables, which have an effected on the performance of a 

photovoltaic solar energy system (24 kWp) was planted in Baghdad city have 

been evaluated to feeding loads contribute 30% of the that consumed. In 

order to prove the success of the assessment design, the system performance 

was monitored for a period of time from April to December, the performance 

results as record and measured data were evaluated. Adopting site weather 

data such as solar radiation and temperature and their effect on the system 

performance. Estimated annual production of electricity about (38 MWh), 

there are some factors affect production energy like clouds and dust was lead 

the actual annual production about (25.5 MWh). 
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1 Introduction 
 

Most renewable energy technologies have the advantage of not having 

harmful greenhouse gas emissions. Emissions that warm the environmental 

and climate change are harmful. One of these technologies is solar energy, 

which is the most environmentally friendly [1].  

Solar energy applications vary depending on the value and type of in situ 

solar radiation, and accordingly, the applications for converting solar energy 

into another energy varied according to need and for that technology 

developed to obtain the most efficient and cheapest energy, photovoltaic 

solar energy is one of the common solar energy applications developments 

with its technologies, it works to convert the global  solar radiation into 

electrical  energy , The  solar photovoltaic on-grid system is one of the 

photovoltaic solar technologies [1,2].   

Grid-connected solar Photovoltaic solar energy is one of the technologies 

that directly convert solar radiation energy into electrical energy and into the 

grid without the need for energy storage with batteries. The main part that 

converts DC power which produced from the solar panels into AC power 

into the grid is an inverter. The efficiency of the inverter voltage depends on 

the electrical load current [1,3]. 

In photovoltaic solar energy applications, the voltage inverter is divided 

into many types, the first of which is used in stand-alone system which that 

are used in pumping techniques, it has a variable in frequencies when 

operating, most other types are used in grid-connected technologies, self-

commutating fixed - frequency inverter, which operate with high-tech control 

to feed the energy to grid. This inverter contains options that allow 

monitoring and recording the energy data that produced by the solar panels, 

these data can be recorded on the company's website [2,3] 

One of the benefits of  on-grid PV solar energy technologies is that 

generation is at the centre of electrical energy loads and does not need to be 

transported for long distances that result in losses in energy transfer. 

Residential systems are easy to maintain and monitor and are beneficial to 

the customer in terms of cost-effective [3,4] 

The output power produced by on-grid PV solar energy depends on the 

abundance of solar radiation on-site and the cleanliness of the solar panels 

system and the stability of the grid in terms of frequency and voltage [1,4]. 

And whenever there are global standards adopted in building such 

systems, the results and benefits are better of such systems [5]. The total 

losses in the system which results from conversion operations made by 

different components as solar panel,  semiconductor inverter components and 

cables sizing effect on the performance ratio (PR). The Weather conditions 

as ambient temperature are also effected factors [2,6].When building solar 

energy systems, there must be a balance between the load size and the 

availability of solar radiation rate at the site, and thus the size of the system is 

determined.  
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Related to the possibility of making balance possible is the area of space 

available for building the system [7, 8].Sometimes there is no complete direct 

transfer of the energy produced to the grid, however, there is a portion of the 

energy produced from the solar panels that contribute to feeding the electrical 

loads that operate during the day while the solar radiation is present, Thus 

reducing the consumption from the grid, and the excess of the produced 

energy is transfer to the grid [ 7,9].   

The evaluating the performance of photovoltaic solar energy systems 

requires the availability of meteorological data in addition to the availability 

of evidence of energy produced from solar energy systems during the day 

and the power consumed by electrical loads. By assessing performance, 

results can be obtained that explain the economic and technical feasibility of 

building these systems and how they are expanded [8, 10]. 

 

2 Description of Photovoltaic Installation 
 

The typical of PV grid-connected system consists of the following 

components: 

Solar panel which directly converts solar radiation to electricity, solar 

inverter that converts the DC power generated by the solar panels to AC 

power for the utility grid, main disconnect-isolator switch and utility grid 

.The grid-connected PV applications have capacities ranging from the multi 

kilowatts to the megawatt range. The data analyzed are derived from 

analytical monitoring data, hourly values, which were averaged to hourly 

mean values. The analyzed PV systems are located in with installed nominal 

power (24) kWp  depending on the available area  on the roof of the building. 

They include rooftop systems, freestanding systems as well as facades. 

An overview of the operational years and the analyzed monitoring period for 

the grid-connected PV systems.  

 

3 The Layout of Solar PV System Grid - Connected with 
Inverters  
 

The system included (5) inverters, each array will accordingly contain 

one inverter (5) kW. Each inverter is connected with (2) MPPT, one string 

for each MPPT, The capacity of a solar module (300) W, and each (12) PV 

modules per string in a series, the wiring diagram connection of the solar 

modules with the inverters shown in figure (1) .Was planted in Baghdad city 

to feeding loads contribute 30% of the that consumed.      
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Figure 1: The wiring diagram connection of the solar panels with the inverters 

 

4 Solar PV System Energy Yield and Performance 
Analysis 
 

The analysis results obtained from the evaluation of the PV system using 

measured data are presented in the form data logger of on-grid inverter and 

measuring instruments. 

Total solar irradiation global incident on system plane active total area 

about (157) m
2
. The monthly solar irradiance shown in figure (2) that fall on 

solar PV modules which converted to electrical energy, the amount of sun 

power that be longer during summer days, and shorter during winter for our 

location, the maximum altitude of the sun paths at solar noon varies (75°) 

between the winter and summer solstices. 
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Figure 2: global solar irradiation 

 

Load which supplied solar PV systems must be clearly identified and 

limited to the design PV system. Estimated annual production of electricity 

based upon the simulation by PVSYST (V5.5) about (38 MWh), but due to 

many conditions the virtual annual production energy at inverters output is 

(25.5 MWh). 

The value of the power produced from the solar panels changes with the 

change value of the falling solar radiation, as with the morning it begins with 

The smallest elevation angle of the sun, Productivity begins to increase as the 

solar angle rises to the highest value at midday, solar radiation rays falls 

directly on the solar panels, and be decreasing with sunset.  

The rows of modules can shade the one in the back during winter months 

if the building and tree are too closely spaced. In the fig (3), the amount of 

change in energy produced throughout the year is observed according to the 

change in the rates of solar radiation falling on solar panels, Also, in some 

months, good productivity rates are observed due to the stability of the grid, 

and improving ambient conditions and lower temperatures, whereas in July 

there is a decrease in generation rates due to grid instability and a rise in 

ambient temperature despite the high rates of solar radiation in this month. 
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Figure 3: Energy Generation 

 

Figure (4) shows the system stops generating due to the instability of the 

grid, system shutdowns due to network interruptions may coincide with high 

solar radiation in the middle of the day, perhaps this situation is one of the 

disadvantages of this type of system, therefore, a stable network must be 

provided for such a system in order to make the most of its generation. 

 

 
Figure 4: Generation profile with grid outage state 
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This situation was repeated in several days and throughout the year, 

which affected the rate of generation from the system as shown in the table 

(1).  
Table 1: Number days of grid outage state per month 

Month(no. Of h) Daylight hours / h Grid Out/h Month name 

390 13 2 Apr. 

420 14 74 May. 

426 14.2 53 Jun. 

420 14 142 Jul. 

403 13 119 Aug. 

360 12 67 Sep. 

341 11 107 Oct. 

300 10 16 Nov. 

310 10 12 Dec. 

3370 - 591 Sum 

 

One of the factors affecting the generation shortage of the system, it is 

the accumulation of clouds that attenuate the rates of solar radiation As 

shown in figure (5), where it shows the rate of generation from the system on 

a cloudy day, this situation is repeated in the winter days. 

 

 
Figure 5: The PV generation in cloudy day 

 

Estimated The AC loads consumption by log data with electronic meters, 

in such cases, as needed there is a daily change in load consumption, and 

consumption is during the five days of the week. The daily consumption of 

loads, whether constant or variable, must be taken care of.  
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There are daily loads that are constant in consumption throughout the 

day, such as lighting, there are variable loads such as refrigerators and air 

conditioners. This limited the size of the contribution to feeding the loads 

according to the volume of load consumption and the amount of power 

generation from the system. Thus, it limited the ratio between the feeding to 

loads from the generated energy and the amount of energy that injected into 

the grid. Figure (6) shows the electric power rates consumed by the electrical 

loads; it is changing throughout the year due to the change in the number of 

loads consuming power per month, as the air conditioning loads are run in 

the summer, so the consumption of energy is more in these months. 

In addition to that figure shows the percentage of energy participation 

between the solar energy system and the grid in supplying the loads.  

 

 
Figure 6: The monthly load energy consumption from grid and PV solar system 

 

Residential solar power systems have the benefit of reducing the amount 

of electricity bill. Energy savings can be estimated the annual production of 

solar energy system in (KWh) and the size of the contribution energy to 

feeding the loads and the amount of injection energy to the grid, and the 

amount of total energy that consumed by the loads. Therefore, it is possible 

to know the benefit from this system if a period time of recovery cost is 

known, to install this system. 

The main function of this system is to directly supply the electrical loads 

with energy and reduce the consumption of the grid during the day, And the 

excess energy generated is transferred to the grid, as shown in the figure (7), 

where it shows the amount of consumption from the system for loads and 

export to the grid. 
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Figure 7: The monthly direct consumption and export to grid energy 

 

The amount of output produced by the solar panel is limited by his 

temperature. The solar panel temperature may reach to (50-75)
o
C an on the 

roof. A decrease in performance ratio was seen due to increase in 

temperature and conversion losses. 

Dust and excrement s bird may accumulate on the surface of the solar 

panel, this attenuates the solar radiation that falling on the solar panel , thus 

reducing his productivity. There may be normal cleaning of solar panels from 

dust and dirt due to monsoon rains, the more periodic and regular cleaning, it 

leads to more productivity.  

There may be some losses due to the main components, including the 

solar panels called module mismatch at least a 2% loss.  This, if added to 

other losses, will have a significant effect on the output of system power. 

 

5 Conclusion 
 

By periodical documentation to the surrounding environment conditions 

effects on the performance of the solar energy system through monitoring 

and recording data synchronously with meteorological data, it facilitates the 

performance evaluation process, the contribution of this system to providing 

loads is close to what was estimated in the design, and the performance of 

on-grid PV system is suitable for Iraqi environmental conditions effects. The 

comparator between the decrease in solar radiation in winter and the increase 

in temperature ambient in summer can be concluded are the close effect on 

for the year PV system output .        
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This project could be generalized to other industrial districts as well as 

other load types (i.e., industrial, economic, etc.). The results of this work 

should encourage governments to impose new legislation regarding 

modifying the peak time to coincide with the solar generation time, at least 

one operating peak hour. 
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