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-----------------------------------------------------------ABSTRACT----------------------------------------------------------- 

The sources of renewable energy provides a potentially promising and far less harmful alternative to traditional 

methods of electricity production. Grid-connected Photovoltaic (PV) systems are a promising tool to provide 

electric power to houses and other buildings. Solar radiation is an important factor for the production of 

electricity by PV systems. There are various technical advantages for Grid-connected PV systems in places 

where the solar radiation is abundant. The advantages include the easy, simple and flexible installation of the 

system. 
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I. Introduction 

The sources of renewable energy provides a potentially promising and far less harmful alternative to traditional 

methods of electricity production. Such sources has the potential to reduce environmental impacts involved in 

the production process as well as the greenhouse emissions.  Power plants fired by natural gas emit 0.75Kg of 

carbon and coal plants produces emits 1.05Kg of carbon [1]. Fossil fuel burning causes grave environmental 

harms and a great deal of thesecan be avoided by the use of renewable resources as the environmentalimpact is 

reduced by every kilowatt-hour (kWh) of electricity produced in renewable resources.A great amount of rays are 

sent from the sun on a daily basis and while the earth receives approximately just under 50% of that radiation, 

the atmospheric gases absorbs about 20% of it and  the rest 30% reflects back to the space [2]. 

The daily rate of this solar radiation equals nearly 3.838 x 1023 kW/sec [3]. At the atmosphere boundary, this 

power reaches to approximately 1.4 kW/m2 and a great deal of it constitute electromagnetic radiation 

transmission. The amount of solar energy that can be received by, for example, one square meter of the surface 

of the each equals about 1KW and on average, this makes 0.5 KW after crossing the atmosphere during the 

daytime hours.Photovoltaic solar energy can highlylikely be used domestically in sun shine countries such as 

middle eastregions, where the sun appears approximately 3600 hours every year [4] and, thus, the surface of the 

earth receives a great deal of the radiation of the sun power during most days of the year.  

There are various technical advantages for Grid-connected PV systems in places where the solar radiation is 

abundant. The advantages include the easy, simple and flexible installation of the system. Furthermore, it would 

require little maintenance in such places [5], [6]. 

Customers in many countries are being encouraged to generate energy domestically using PV systems, which 

would help to reduce their bills. This also allows renewable energy sources to contribute more in this domain 

and this would finally result in reducing emissions of carbon dioxide (CO2). Basically, the PV generator 

constitutes of a number of solar panels which are interconnected electrically. Manufactures provide the PV 

panels at standard tested conditions (STC) in relation to their nominal peak power. The total installed power of 

the system can be calculated by summing the nominal peak power of all panels in the system [7]. 

The grid-connected system is comprised of an inverter and modules. The direct current (DC) electricity that is 

produced by the PV system is transformed by the inverter into alternating current (AC) electricity and this put 

into synchronization with the mains supply of electricity. At all times, the grid is fed with the excess electricity 

produced. Grid connected inverter must be designed in a way that allows it to perform well at peak power value. 

The inverter also must be able to tackle different issues including the quality of the power, the operation of 

islanding detection, grounding, long life and Maximum power point trackingMPPT [8]. 

The gird injected energy has to be optimized by the inverter maximum power and this must equal the overall PV 

generator power. As the anticipated irradiance in the location where the PV system is installed is below the 

nominal or standard irradiance, it has recently been observed that the maximum power of the inverter is chosen 

to be higher than that of the nominal PV generator. This has been knownas the inverter under sizing as is 

discussed in [7] and [8]. The standard irradiance conditions are in line with nominal power of the PV generator. 

In low irradiance condition, the PV produces energy at one part of the nominal capacity and, therefore, under 

part load conditions, the inverter works with lower system efficiency [7].   
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This paper provides an introduction and analysis of a grid-connected photovoltaic power system that can be 

usedas basic information for domestically used in houses. Moreover, the impact of temperature and irradiance 

on PVwill be explained. 

II. Literature Review 

2.1 Photovoltaic System Calculation Highs and Lows: 

Since voltage power inputs of the component electronics involved in a PV system, such as grid-direct inverters, 

have a maximum and minimum degrees, it is important to adjust the voltage values of the module to satisfy the 

specific project needs. This step allows for ensuring that the system will operate properly. However, before 

calculating any voltage correction, understanding the PV modules basic voltage and current output and their 

variation with temperature changes and the intensity of the sun is essential. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure1: Proposed direct grid-connected PV System [14] 

Figure2: Modules of a PV system [15] 
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The two voltage values by which the PV modules are rated in open circuit voltage and maximum power voltage. 

While the open circuit voltage (Voc) is the available voltage at the state when neither current nor load 

connection exists in the module, the maximum power voltage (Mpv) is defined as the module maximum 

production of power.     

As can be seen in figure 3 below, the yellow line, which depicts the current vs. the voltage, shows the open 

circuit voltage (Voc) occurring at the curve bottom side. In this case, it is illustrated that while the value of the 

current is zero, the value of the voltage is at its maximum level. Directly below the curve knee, the maximum 

power voltage (Vmp) appears. In Photovoltaic modules, it is always the case that the value of the (Voc) is higher 

than that of the (Vmp). The blue line illustrates the power versus voltage and this is usually provided by the 

manufacturers of the module in the same graph.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Calculating the maximum power value in watts can be possible through multiplying two values with each other. 

These are the Vmp and the Imp. While the former value can be obtained from the intersection of a direct line 

drawn downward from the IV curve knee, the later value can be obtained from the intersection of a direct line 

drawn from the left-hand side of the knee.When the positive and negative units in the PV module become at a 

contacting point, short circuit current (Isc) arises as is apparent in Figure 3 at the upper left corner.The PV 

module might not be damaged in such situation, but since in the module/s there is current that is flowing, 

caution is needed when the current flow is interrupted. The module might be damaged as a result of any 

incorrect disconnection which could lead to the appearance of a DC arc. 

It is a listing requirement that the five values are listed by an attached label on the specification sheet of any PV 

module. Moreover, the listed values are in line with standard test conditions (STC). Irradiance [1,000 W/m
2
] and 

temperature [25°C -77°F] are two important standard test conditions values for the values of the current and the 

voltage of the module. 

The value of the temperature corresponds to that of the PV module and it is a function of the surrounding 

temperature, whereas the value of the irradiance can be linked to a day when the sun is bright at the level of the 

sea. Consequently, how these variations in the conditions of the environment could have an effect on the current 

and voltage is an important step that should be taken into account. 

The volume of the PV module current production correlate positively with the level of sun brightness. The 

higher the level of irradiance is, the greater the amount of electrons that pass from the cells of the PV to the load 

attached to it. However, this value of the irradiance does not have as such impact on the PV module production 

of voltage. 

Figure 1: A typical current versus voltage curve in PV modules illustrating the relation 
between different factors at a state when temperature and irradiance levels are 
defined. The graph also presents the module power vs. voltage. [16] 
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It can be assumed that the full rated voltage of the PV module can be obtained if ambient light exists. In Figure 

4, which depicts the typical IV curve of a module as a result of irradiance, it is illustrated that the voltage of the 

PV module does not change much with different irradiance levels. At irradiance levels of nearly 200 W/m
2
, 

most of the rated voltage (about 90%) of the crystalline PV modules is yielded.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The module voltage and its temperature correlate negatively with each other as that when the temperature rises 

the value of the voltage drops and when the temperature drops, the value of the voltage rises. Hence, the voltage 

output of the PV module is not stable, but variable because of the effect of the temperature. This negative 

correlation relationship is illustrated in Figure 5. This variability in the voltage output is essential in hot and cold 

temperatures. In the condition when the temperature is cold, the module voltage will rise and, adversely, in hot 

temperature conditions, the voltage value will decrease. In PV design, these cases cannot be avoided.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure4: Current versus voltage curve in a PV module varying in response to sunlight intensity or 
irradiance. I is clear that while dramatic changes in the current take place when the irradiance 
changes, a relatively stable level of voltage can be observed. [17] 

Figure 2: Voltage variability with the change of temperature. [18] 



Promising Photovoltaic Power… 

www.theijes.com                                                The IJES                                                          Page 98  

 

 

The amount of change in the module experience is often provided by PV module manufactures.  This is usually 

reported as temperature coefficients (TCs) and this is given as a percentage per degree Celsius (e.g., TC Voc = -

0.35%/°C). In other words, the Voc of the module will increase or decrease by 0.35% in the opposite direction 

to any rise or drop in the temperature. For instance, when the PV module becomes 1°C hotter, the voltage would 

decrease by 0.35%. Crystalline PV modules are known to have such value. 

Moreover, two further points about the TC values should be mentioned.  The first point is that there are two TCs 

for every PV module. These are for the Vmp and Voc, each of which experience a different change and they 

should be measured differently. The second point is that PV modules are rated at 25°C by the manufacturers. 

Therefore, when temperature coefficients are applied, finding out the number of Celsius degrees at which the 

PV module is operated from the STC value of 25°C. 

PV modules will start their daily journey in the morning with a very little amount of sunlight. Since the PV 

arrays are kept outside in open air, the PV modules will have exactly the same temperature value as that of the 

ambient air at night. No immediate current will be produced by the modules because the array will not be 

exposed immediately to sunlight and, therefore, going to open circuit voltage will be the immediate condition.  

If the module temperature is lower than the STC value which is 25°C, the value of the Voc of the module will 

be higher than what is listed on the specification sheet of the module. For the purpose of the current project, the 

module temperature will be assumed to be the same as the ambient temperature. The new voltage value of the 

module will be estimated in the aim of verifying that not too many modules are placed in series, in which case 

their value would be greater than the maximum input value of the power electronics. 

As soon as the sun rises up slightly reaching the array, enough irradiance will be available which will allow the 

flow of the current. Accordingly, the voltage value of the module will drop from the Voc point to a lower value 

nearer to the Vmp point. in the course of the day and with longer exposure to the sun, the module will receive 

more and more sunlight and thus the module temperature will continue to increase further. The temperature of 

the PV module will keep increasing based on the surrounding temperature and the closeness of the module to 

something that could aggregate heat like a rooftop. The following values can be used to calculate the PV module 

temperature in the middle of the afternoon: 

 In the case that the module is not farther than 6in. from the roof surface:  Tmod = Ambient + 35°C. 

 In the case that the module is farther than 6in. from the roof surface:  Tmod = Ambient + 30°C. 

 In the case that the PV array is fixed on elevated ground or pole top:  Tmod = Ambient + 25°C. 

Many manufacturers use these values in assessing the voltage of the PV in different temperatures ad they are 

somewhat acceptable in this field. Through this method, it will be possible to confirm whether there are a 

sufficient number of modules that are positioned in series, which would ensure the operation of the power 

electronics during summer time.   

The key question at this stage has become about the appropriate temperature to be used in the calculation. The 

temperature you are most comfortable with would be the answer. A method that is considered conservative and 

which is relied on in the calculation by some people is to record cold and high temperatures. Although this 

method might appear too conservative to some, it is unquestionably acceptable to many AHJs. However, using 

the data provided by the American Society of Heating, Refrigerating and Air Conditioning Engineers 

(ASHRAE) is a more common method. 2% high temperature value and the lowest ambient temperature value 

are the two values looked for by most PV system designers.  It is expected that the 2% high temperature 

corresponds to a value that would not be exceeded by more than 14 hours during a month in the summer season.  

An example in this case will lead to a better understanding for such a condition. Assume that the following 

temperature values, TCs and rated voltage values are available: 
 

Table 1: 

Data 

TC 𝑽𝑶𝑪 TC 𝑉𝑚𝑝  𝑉𝑂𝐶  𝑉𝑚𝑝  𝑇𝑚𝑜𝑑  

-0.36% -0.45% 45.5 36.2 -3 
 

Table 2: 

Characteristics of Modules 

Cells per module Dimensions : length/width/high Weight 
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80 (8*10) (1662mm/1320mm/46mm) 27.5 kg 

[Lowest temperature degree expected as reported on solarabcs.org: -3°C; 2% high temperature: 37°C]. 

The first step that needs to be done is calculating the adjusted Voc. The adjusting requirements for his module is 

provided in 2011 NEC Section 690.7.  The Code states that this data can be used for calculating the adjusted 

voltage of the module for cold temperatures, if data about the temperature coefficient is provided by the 

manufacturer of the module. However, in case the data is not provided by the manufacturer and the module 

being used works on crystalline technology, estimating the adjusted voltage of the module can be performed 

using Table 690.7. Since the calculations provided by NEC are always conservative, running the actual 

calculations separately might be useful.  Moreover, running the actual calculations will be needed if the 

technology being used is not crystalline because the values provided in the Table will not be applicable. The 

adjusted voltage of the module can be calculated by the following equation:   

𝑉𝑎𝑑𝑗 = 𝑉𝑂𝐶 ×  100% +   𝑇𝑚𝑜𝑑 − 25℃ × 𝑇𝐶 𝑉𝑂𝐶   

1 

 𝑇𝐶 𝑉𝑂𝐶  is Temperature correction factor in %/°C 

 𝑉𝑎𝑑𝑗  is the temperature adjusted voltage 

 𝑉𝑂𝐶  is rated open circuit voltage of the module 

 𝑇𝑚𝑜𝑑  is the temperature of the PV module  

 25°C is the STC condition that we must adjust from 

The values provided in the table can be used to calculate the 𝑉𝑎𝑑𝑗  as follows:  

 

𝑉𝑎𝑑𝑗 = 45.5 ×  100% +   −3 − 25℃ × −0.33   

= 45.5 ×  100% +   −28℃ × −0.33   

= 45.5 ×  100% + 9.24%  

= 45.5 ×  109.24% = 49.7 𝑣𝑜𝑙𝑡 

 

This shows that the Voc value of 49.7V (not 45.5V) should be applied in the process of taking a decision about 

the number of modules that can be positioned in series with certain types of inverters or other pieces of power 

electronics. A potential damage or injuries to people can be caused if too much voltage is placed on the 

equipment and this clarifies why this issue is related to NEC. 

The second step that need to be done is calculating the value of the Vmp at high temperature. Since NEC does 

not provide a Table as in the case of the cold temperature, determining the value here requires conducting the 

calculation. The same formula that is used with cold temperature can be used here, but with different values 

given to each of the variables.   

The module temperature variable can be considered in the first place. This is the surrounding ambient 

temperature in addition to the method for mounting the PV array as clarified above. Therefore, positioning the 

array 5in. from the surface of the roof will be the case. Based on this the temperature of the PV module will be 

estimated at 35°C above the ambient:    

𝑇𝑚𝑜𝑑 = 37°C +35°C = 72°C 

𝑉𝑎𝑑𝑗 = 𝑉𝑚𝑝 ×  100% +   𝑇𝑚𝑜𝑑 − 25℃ × 𝑇𝐶 𝑉𝑚𝑝    

2 

Where, 

 25°C is the STC condition we must adjust from 
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 Vmp : rated maximum power voltage of  the module 

 Tmod : is PV the module temperature  

 TC Vmp = Temperature correction factor in %/°C 

 𝑉𝑎𝑑𝑗  : is the temperature adjusted voltage. 

Now, using the values supplied in our above example, we can easily solve for Vadj as follows:  

The values provided in the above example can be used to calculate the 𝑉𝑎𝑑𝑗  as follows:  

𝑉𝑎𝑑𝑗 = 36.2 ×  100% +   72℃ − 25℃ × −0.45%/°C   

= 36.2 ×  100% +   47℃ × −0.45%/°C   

= 36.2 ×  78.85% = 28.5 𝑣𝑜𝑙𝑡 

 

Based on this, it is clear that 28.5 is the voltage value that will be produced by the PV module in mid-summer. 

Hence, it should be verified that a sufficient number of modules should be connected in series in order to keep 

the total amount of the adjust voltage of the modules above the minimum value that power electronics require, 

or below the maximum value at times of cold temperature.   Assuming that there is an inverter which accepts a 

maximum value of 500V and a minimum value of 200V, it is possible to calculate how many modules it is 

acceptable to place in series as follows: 

𝑴𝒂𝒙𝒊𝒎𝒖𝒎 𝒂𝒄𝒄𝒆𝒑𝒕𝒂𝒃𝒍𝒆 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒎𝒐𝒅𝒖𝒍𝒆𝒔 𝒊𝒏 𝒂 𝒔𝒆𝒓𝒊𝒆𝒔 = 500
50.09 = 9.982 𝑚𝑜𝑑𝑢𝑙𝑒𝑠 

Therefore, 10 modules at maximum can be placed in series while staying in all temperatures expected below the 

maximum number.   

On the low end: 

𝑴𝒊𝒏𝒊𝒎𝒖𝒎 𝒂𝒄𝒄𝒆𝒑𝒕𝒂𝒃𝒍𝒆 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒎𝒐𝒅𝒖𝒍𝒆𝒔 𝒊𝒏 𝒂 𝒔𝒆𝒓𝒊𝒆𝒔 = 200
28.54 = 7.007 𝑚𝑜𝑑𝑢𝑙𝑒𝑠 

Hence, seven modules in series are needed to stay above the minimum requirements. It is clear that these 

calculations are very important in the designing process of the PV module. Many manufacturers, such as those 

of grid-direct inverters, provide calculators on-line as a way to assist with these calculations.   

 

2.2 PV System Voltage Drop: 

Voltage drop is the name that commonly refers to the loss in electrical potential and it takes place at the time 

when a current flow goes between the source and load through a conductor. The amount of voltage drop, which 

is usually also referred to as wire loss, resistive losses or voltage rise, depends on conductor size and material, 

current and length and circuit voltage as well as many other factors including the temperature and  the number 

of phases, the conductor geometry and raceway type. In the situation when a normal load is attached, a circuit 

conductor resistance and reactance get together to produce a small heating load which is fed in power by the 

circuit. 

Two problems can be identified in PV system voltage drop. The first one is that this denotes wasted energy. The 

process of converting energy into heat in circuit conductors leads to energy production loss. The second problem 

is that in some conditions, PV inverters do not operate in a proper manner. For instance, there might be 

conditions where the dc bus voltage decreases to a level that is lower than the   minimum MPPT voltage of the 

inverter or the ac bus voltage increases to higher level than the maximum set point of the grid voltage; in the 

former condition, would keep working but in a limited manner and in the latter condition, the inverter will not 

work at all. Photovoltaic system designers can reduce voltage drop through a strategic optimization of the 

schematic design and equipment layout. It is also possible to minimize voltage drop further by upsizing some 

conductors in the system.  
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2.3 Quantifying of Voltage Drop: 

Quantifying of voltage drop is important to minimize and understand it. A circuit conductor is simply defined as 

a long low resistance electric heater which obeys Ohm’s drop. The voltage is the result of the multiplication of 

the current by the resistance. The resistance depends on many factors such as the size, material, length and 

temperature of the conductor. A standard conductor has a typical value which is calculated according to the 

ohms per one thousand feet of conductor length. Based on this, the basic drop equation for dc voltage is 

calculated as: 

 

𝑉𝑑𝑟𝑜𝑝 = 𝐼 × 𝑟 

𝑉𝑑𝑟𝑜𝑝 = 𝐼 ×  2 × 𝐿 × 𝑅 = 2 × 𝐿 × 𝑅 × 𝐼 

3 

In this equation, I represents the circuit current while L represents the one-way circuit length. As for R, it is the 

conductor resistance per one thousand feet. Importantly, it might be adjusted for single-phase, 3-phase or ac 

circuits, various power factors and temperatures. 

The NEC is a very good start for the manual calculations of voltage drop. Although the NEC Handbook contains  

many voltage drop equations, examples and calculations, there is no certain amount of voltage drop specified.  

However, the notes on the circuits and feeders (Articles 210 and 215 respectively) suggest that if the voltage 

drop is less than three on every circuits and feeders and less than five percent in total, then an efficient operation 

is expected (210.19(A) fine print note (FPN) No. 4 and 215.2(A)(3) FPN No. 2.). Although such notes are a very 

useful reference for efficient operation, they are not binding or related to PV.  

In Article 250.122(B), the code states that if the current, which carries conductors for voltage drop, is upsized, 

the equipment-grounding conductor (EGC) should also be upsized proportionally. However, it is still very 

important to upsize the equipment-grounding conductor of a PV system in order to address voltage drop (Article 

690.45(A) NEC 2008). The sizing of equipment-grounding conductor in output circuits and PV source is usually 

adjusted according to table (250.122).  

Voltage drop can also be calculated by the help of an electric calculator program. Such programs can be 

available online or downloaded directly to a computer. Importantly, these calculator programs very good and 

precise. Unfortunately, the answer cannot be verified because these calculator programs do not usually show 

how the calculations are done.  Because some applications, such as PV, are not standard, it is not easy to adapt 

well to them. In this case, the best source for any project is an expert engineer who has good experience in 

voltage drop and PV issues.  

Principles of Decreasing Voltage Drop: 

- Transmitting at a higher voltage makes it possible to reach lower losses. 

- If distances are shortened, there can be smaller voltage drops. 

- Transmission of single phase with three phases is much more efficient. 

- Large conductors will usually have lower voltage drop. 

-  Voltage drop of copper conductors is lower than that of aluminium conductors of the same size. 

- Parallel conductors can be used for large ac circuits 

- It is better to have power factors which are near the unity 

- Decrease voltage drop which is decreased in the temperature of cooler conductors. 

- The kind of conduit has no effect on the voltage drop of ac circuits which have power factor of (0.85 to 1) 

and conductors of a small size (less than 3/0). PVC is good, but when the size of wires is above 3/0 and the 

power factor is (0.85), aluminium is much better than steel. As for PV inverter-output circuits, when the 

size of wires is large and the power factor is close to 1.0, steel is more preferable than aluminium. Hence, 

the type of conductor used is very important for efficient performance. 

 

2.4 Schematic Design and Equipment Layout: 

If we put the above discussion into practice and discuss the possible challenges, we would imagine a situation 

where a 100 kW of power is transmitted from a PV array via a central inverter to a switchgear that is one 
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thousand feet away, and the switchgear is from the last combiner box at the array. The question here is whether 

this imaginary situation is an example of a PV system with a possibility of voltage drop. The power in the above 

imaginary example can be transmitted in many ways. One possible way is to put the inverter next to the 

switchgear and cover the distance with a dc output from the combiner box. Another possible way is to put the 

inverter next to the combiner box and cover the distance with a 3-phase ac which has a normal voltage as 

instructed by the electric service and inverter output. It is also possible to allow use a 3-phase ac with high 

voltage to cover long distance transmission of power by adding step-up and step down transformers located at 

the interconnection and inverter.  However, the standby and inefficiency losses of transformers should 

considered. 

Based on the available type of AC site and PV string voltages, it is better to design the long distance run in 

direct current (DC) or alternative current (AC) to reduce voltage drop and costs. By following quick 

calculations, it shows the best way with minimum amount of voltage drop and cooper. When parallel conductors 

are used, the best way for long-distance runs is 700–800𝑉𝐷𝐶 , which is the typical PV operating voltage where 

1,000 𝑉𝐷𝐶  systems are permitted. However, if the open-circuit voltage is restricted to 600𝑉𝐷𝐶 , then 3-phase 480 

𝑉𝐴𝐶  is the best way for long runs. It is also recommended to use any direct current voltage with a value of 300–

500𝑉𝐷𝐶 . In fact, such PV voltages are preferred to single phase 277 𝑉𝐴𝐶  or 3-phase 240𝑉𝐴𝐶 . Based on the range 

and sizes of wires, these voltage phases are equivalent and good for long runs at 48 𝑉𝐷𝐶  or 120 𝑉𝐴𝐶Vac.   

Voltage drop on an AC motor circuit is worse than voltage drop on a similar DC circuit. When large size of 

conductors are used, the power factor is a crucial issue for designers. Based on the calculation in NEC (2008), 

the voltage drop in 85% power factor a single-phase DC circuit two-wire, using 300-kcmil conductors will be 

less than half the voltage drop of the same two-wire AC circuit using 300-kcmil conductors, for the same 

voltage and current. Therefore, the voltage drop in ac circuit is usually 5% more than the dc circuit in PV 

applications with power factor around 100%. Thus, the factors of voltage level and phases number in PV 

applications are more significant than the DC/AC differences. 

2.5 Excess in Voltage Drop: 

Upsizing the different circuit conductors and strategic design of the layout of the photo voltaic system are very 

important in any attempt to reduce voltage drop. It is very significant to keep voltage drop as low as possible in 

order to allow the inverters work as operate effectively. In order to achieve this, the inverter should not be lower 

than the MPPT of the inverter. In other words, after a decade or more of the module age with the highest 

possible temperature and full sunlight, the string voltage should be within the window of MPPT. 

In addition to what mentioned above, there should not be considerable voltage drop in the ac output inverter 

circuit because such a scenario might lead into the highest limit of the inverter voltage. It is common in some 

parts of the day and the year that the grid voltage can be more than its nominal value. For instance, it possible 

for the inverter to be offline if there is an error of high grid voltage. That is, if the voltage of the inverter output 

circuit drops by 5%, the voltage of the grid at the interconnection may reach 252 𝑉𝐴𝐶  line-to-line on a nominal 

240 𝑉𝐴𝐶  system. In such a case, the ac voltage at the inverter might reach 265𝑉𝐴𝐶 , which is higher than the 

typical 264 𝑉𝐴𝐶  high-voltage trip point. Therefore, any voltage drop should comply with the specifications of the 

project to save energy in wiring and satisfy the expectations of the owner. Typical bid packages have usually 

less than 2% voltage drop on every circuit of the AC and DC, and the total voltage drop from the modules to the 

interconnection is usually less than 3%.  

III. Conclusion 
This paper provides an introduction and analysis of a grid-connected photovoltaic power system that can be 

used as basic information for domestically used in houses. Moreover, the impact of temperature and irradiance 

on PV will be explained. In addition to that quantifyingsome significant data with some uself-equationsfor 

minimize and understand how to design and build a uself PV. 
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Appendix: 

2006 ONWARDS 

Parameters Definition 

AT Atmospheric Temperature[
o
C] 

RH Relative Humidity [%] 

BP Barometric Pressure [mbar] 

WD1 Wind Direction [Degree] 

WS1 Wind speed at 10m height [m/s] 

RN Rainfall [mm] 

SR Solar Radiation [W/m
2
] 

WS5 Wind speed at 1m height [m/s] 

WS4 Wind speed at 4m height [m/s] 

WS3 Wind speed at 6m height [m/s] 

WS2 Wind speed at 8m height [m/s] 

SG1 Sigma [Degree] 

S (Scalar) computes a scalar average, and is used for all measurements except 

Wind Direction and Rainfall. Sigma Theta (the standard deviation of Wind 

Direction) is computed as a scalar average as well. 

V (Vector) computes a vector average for Wind Direction as follows: 

D = arctan (Dy/ Dx), 

where D = Vector Average Wind Direction 

Dy = ( sin Di ) / n 

Dx = ( cos Di ) / n 

Di = Instantaneous Wind Direction measurement 

And     n   = number of samples. 

http://www.bandasolar.com/insolationLevel.html
http://www.tripoli-libya.climatemps.com/sunlight.php
http://www.offgridbydesign.com/solar-information/grid-tied-pv-systems
http://ecmweb.com/green-building/highs-and-lows-photovoltaic-system-calculations%20-%20access%20on%2010-3-2015
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EVlev Evaporation level [mm] 

EVdif Evaporation difference [mm] 

BATT Battery voltage [Volt] 

WS5gst Wind speed gust at 1m height, which is the maximum wind speed in every 3 seconds 

[m/s] 

WS4gst Wind speed gust at 4m height , which is the maximum wind speed in every 3 seconds 

[m/s] 

WS3gst Wind speed gust at 6m height, which is the maximum wind speed in every 3 seconds 

[m/s] 

WS2gst Wind speed gust at 8m height, which is the maximum wind speed in every 3 seconds 

[m/s] 

WS1gst Wind speed gust at 10m height , which is the maximum wind speed in every 3 

seconds [m/s] 

ATmx Atmospheric Temperature maximum [
o
C] 

ATmn Atmospheric Temperature minimum [
o
C] 

EVdtot Evaporation difference total [mm] 
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