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ABSTRACT 

In this paper the effect of grid connected photovoltaic systems on electrical networks technically investigated. The 
importance of electrical energy generation from Photovoltaic Systems is expressed. The Development of Photovoltaic 
systems (PV) and expansion plans relating to the futuristic in worldwide is elaborated. The most important impacts of grid 
connected photovoltaic systems on distribution networks as well as the Penetration level of PV system is analysed. 
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INTRODUCTION 

Nowadays we get approximately 80% of our 
energy from non-renewable energy sources, e.g. fossil 
fuels. Greenhouse gases and pollutants increase when 
fossil fuels are converted into electricity or heat. Therefore 
atmosphere is damaged. Global warming is also 
threatening our world’s delicate ecosystems and could 
easily relegate many animal species to extinction. To 
prevent the Global warming calamity, the global warming 
should be kept to less than 1.5 centigrade degree above 
pre-industrial temperatures. For this target, the global 
greenhouse gas emissions should be reduced, and by 2050, 
these emissions should be reduced worldwide by 80% 
from their 1990 levels. Presently, the world annual energy 
consumption is 10 terawatts (TW) and by 2050 this 
amount will be about 30 TW. The world will need about 
20 TW of non-CO2 energy to stabilize CO2 in the 
atmosphere by mid-century. The simplest scenario to 
stabilize CO2 by mid-century is renewable sources are 
used for electricity (10 TW), hydrogen for transportation 
(10 TW), and fossil fuels for residential and industrial 
heating (10 TW). Fortunately, as the resources are limited, 
our dependence on fossil is close to its end [1-5].  

Utilizing renewable sources energy such as solar 
and wind to generate electricity provides a feasible 
solution for the previous dilemma as these renewable are 
clean, emission-free sources of energy that can be used to 
generate electricity and at the same time protect our 
environment for future generations. A simple calculation 
reveals that the amount of solar energy received in 1 hour 
by the earth is equivalent to the world’s annual energy 
consumption [6]. 

Solar energy, in particular, photovoltaic (PV) 
arrays, can fulfill all the electricity needs of mankind. 
Photovoltaic systems have been installed to provide 
electricity to the billions of people that do not have access 
to mains electricity. Power supply to remoter houses or 
villages, irrigation and water supply are important 
application of photovoltaics for many years to come. In 
the last decade, PV solar energy system has shown its 
huge potential. The amount of installed PV power has 

rapidly increased. Perhaps the most exciting new 
application has been the integration of solar cells into the 
roofs and facades of buildings during the last decade [7, 
8]. 

It was believed that integrating photovoltaic 
systems into electrical networks would not be a difficult 
task; however, when the penetration level of photovoltaic 
systems started to increase, utilities began to face new 
non-traditional problems mainly due to the discontinuous 
nature of solar energy; PV array output is highly 
dependent on environmental conditions such as 
illumination intensity and temperature. The presence of 
dust on the surface of the solar panels deteriorates their 
performance. Concentration of dust and velocity of wind 
and cloudy days also reduces the current and power of 
solar cells. Thus, the power system has to deal with not 
only uncontrollable demand but also uncontrollable 
generation [9-11].  

In this paper, the development and rapid growth 
in PV electricity worldwide is expressed.  The possible 
impacts of solar PV arrays on existing electrical systems 
are reviewed.  As well as the threshold penetration level of 
PV electricity that can be safely connected into electrical 
network is analyzed. 
 
DEVELOPMENT IN PV SYSTEM WORLDWIDE  

In the last decade, PV solar energy system has 
shown its huge potential. The amount of installed PV 
electricity has rapidly increased. Nowadays, 
approximately 100 GW of PV power are installed 
worldwide. Global PV electricity installed capacity has 
experienced an annual growth rate of about 45% as shown 
in Figure-1.This is because that electricity generation from 
renewable sources will be the only available option to 
satisfy the growing demand for electricity when all fossil 
fuel resources are consumed. Another reason for that is the 
anticipated benefit of PV electricity sector on national 
economy. Despite its high initial cost, cost of jobs created 
by PV electricity is 4-6 times less than the cost of jobs 
created by nuclear, natural gas, or coal. A million dollar 
investment in solar PV will create only 30%-42% of the 
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energy produced by other power plants but 2.4-6.4 times 
more jobs [12-15]. 

Due to high subsidies in Germany, Span, and 
Italy the market has show an exponential increase in the 
capacity. Thus approximately 22 GW have been installed 

within the Europe in 2011 alone, hence being by far the 
largest market in the world. The tendency of the market is 
to move to new large market like USA, India, and China. 
These countries will play a very important role in the near 
future of PV [16]. 

 

 
 

Figure-1. Global cumulative installed PV power 1998-2012.  
 

The increase in the capacity installed yearly has 
been coupled with a strong decrease in the components 
price. Since 2006, the PV system price has shown a 
reduction of more than 50%, e.g. the standard final price in 
2006 was around 5500-6000 €/kW for a residential 
system, whereas in 2011 the standard final price was 
2400-2700 €/kW. The industry still has capacity to reduce 
the margins and further PV system price reductions are 
expected [17].  

In addition to these futuristic expansion plans, 
there are already many photovoltaics system installed 
worldwide with high penetration levels of PV electricity. 
Most of these projects are being monitored in order to 
provide practical insight into the anticipated impacts if 
similar penetrations are to be installed in existing 
networks. Examples of such projects include the Gunma 
Project in Japan (starting up in 2002), which contains 550 
houses with rooftop grid-connected PV systems. The total 
capacity is estimated to be 2.2MW in a 1 km2 area, which 
corresponds to an 85% penetration level of PV electricity. 
In Germany, the PV settlement project in Freiburg consists 
of 50 condominium apartments with PV systems installed 
for each apartment. This amounts to 300kW total capacity, 
which corresponds to an 80% penetration level [18-20]. 
 
PHOTOVOLTAIC (EFFECT, ENVIRONMENTAL 
DEPENDENCY ANDGRID- CONNECTED) 
 
Photovoltaic effect  

The photovoltaic effect is the direct conversion of 
light into electricity in solar cells. When solar cells are 
exposed to sunlight, electrons excite from the valence 

band to the conduction band creating charged particles 
called holes. In one PV cell, typically the upper or n-type 
layer is crystalline silicon doped with phosphorus with 5 
valence electrons while the lower or p-type layer is doped 
with boron, which has 3 valence electrons. By bringing n 
and p type silicon together, a p-n junction serves for 
creating an electric field within the solar cells, which is 
able to separate electrons and hole and if the incident 
photon is energetic enough to dislodge a valance electron, 
the electron will jump to the conduction band and initiate a 
current coming out from the solar cells through the 
contacts [21, 25]. Figure-2 shows this process. 
 

 
Figure-2. Photovoltaic effect principle. 
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Effect of Environmental condition 
Temperature has an important effect on the power 

output. The most significant is the temperature 
dependence of the voltage which decreases with increasing 
temperature. The voltage decrease of a silicon solar cell is 
typically 2.2 mV per oC. As well as reduction in the output 
power per oC increase in Environmental temperature is 
0.005 mw [11].  

The solar cells current is directly proportional to 
the illumination intensity while voltage is logarithmically 
proportional with light intensity. Partial shading due to 
passing clouds and radiation random variations are all 
factors that will affect photovoltaics system production, 
resulting in rapid fluctuations in its output power. Figure-3 
shows the power characteristics of a PV arrays at different 
temperature and sun radiation [21]. 
 

 
 

Figure-3. Effect of temperature variation and illumination 
intensity on the output power of a PV array. 

 
The orientation and tilt of the photovoltaic panels 

determine the amount of light intensity that the panel 
surface receives. If the panels installed in northern 
hemisphere, they must be oriented facing south side, also 
facing north in the southern hemisphere [22]. In regions 
near the equator, the orientation is not considerable but a 
minimum of 10 degree tilt is necessary for that evacuate 
water in rain condition. The optimum tilt angle of panels 
depends on installation location. As a general rule, Tilt of 
panels should be equal to the latitude minus 10 degrees 
[23, 28]. 
 
Grid- connected PV system 

Photovoltaic cells are connected in series or 
parallel in order to obtain the desired current and voltage 
value for the PV module. Modules are also connected in 
series or parallel in order to increase the output voltage or 
current respectively. There are two main different types of 
application for PV: Grid-connected and off-grid systems. 
Grid-connected PV systems feed their energy production 
into the grid. Off-grid PV systems refer to those separated 
from the grid. In the case, the produced energy is 
consumed locally such as water pumping, communication 

antennas, etc. Grid-connected PV system could be applied 
when large scale energy by PV plants produced [24]. 

In general, grid-connected PV systems are 
installed to enhance the performance of the electric 
network; PV arrays provide energy at the load side of the 
distribution system, reducing the feeder active power 
loading and hence improving the voltage profile. As a 
result, PV systems can delay the operation time of shunt 
capacitors and series voltage regulators, thus increasing 
their lifetime. PV systems can also reduce the losses in 
distribution feeders if optimally sized and allocated. PV 
systems can increase the load carrying capability, which is 
the amount of load a power system can handle while 
satisfying certain reliability criteria, of existing networks. 
To meet increased demand while satisfying the same 
reliability criteria, utilities have to increase their 
generation capacity. The load carrying capability can be 
increased further more if battery storage systems are 
installed in parallel with photovoltaics array [25]. 

The major elements of a grid-connected 
photovoltaics system are shown in Figure-4. The inverter 
may simply fix the voltage at which the panel operates, or 
use a maximum power point tracking function to identify 
the best operating voltage for the panels. The inverter 
operates in phase with the grid and is generally delivering 
as much power as it can to the electric power grid given 
the available temperature and sunlight conditions. The 
inverter acts as a current source; it produces a sinusoidal 
output current but does not act to regulate its terminal 
voltage in any way. The utility connection can be made by 
connection to a circuit breaker on a distribution panel or 
by a service tap between the distribution panel and the 
utility meter. Either way, the PV generation reduces the 
power taken from the utility power grid, and may provide 
a net flow of power into the utility power grid if the 
interconnection rules permit [26, 27]. 
 
IMPACTS OF GRID-CONNECTED PV SYSTEM ON 
ELECTRICAL NETWORKS 

The photovoltaics systems can also impose 
several negative impacts on electrical networks, especially 
if their penetration level is high. These impacts are 
dependent on the size as well as the location of the 
photovoltaics system. Photovoltaics systems are classified 
based on their ratings into three different categorized: 
Small systems rated at 10kW and less, intermediate PV 
systems rated 10kW to 500 kW, and large PV systems 
rated above 500 kW. The first two categories are usually 
installed at the distribution system and the last category is 
usually installed at the transmission system. In This 
section the negative impacts of photovoltaics systems on 
distribution networks have been discussed [29]. 
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Figure-4. Grid-connected Photovoltaics system. 
 
Reverse power flow 

In distribution system, the power flow is usually 
unidirectional from the Medium Voltage system to the 
Low Voltage system. However, at a high penetration level 
of photovoltaics systems, there are moments when the net 
production is more than the net demand, especially at 
noon, and as a result, the direction of power flow is 
reversed, and power flows from the Low Voltage side to 
the Medium Voltage side. This reverse power flow results 
in overloading of the distribution feeders and excessive 
power losses. Reverse flow of power has also been 
reported to affect the operation of automatic voltage 
regulators installed along distribution feeders as the 
settings of such devices need to be changed to 
accommodate the shift in load center. Reverse power flow 
may have adverse effects on online tap changers in 
distribution transformers especially if they are from the 
single bridging resistor type [30]. 
 
Overvoltage along distribution feeders 

Reverse power flow leads to overvoltage along 
distribution feeders. Voltage regulators and capacitor 
banks used to boost voltage slightly can now push the 
voltage further; above the acceptable limits. Voltage rise 
on MV networks is often a constraining factor for the 
widespread adoption of wind turbines. Voltage rise in LV 
networks may impose a similar constraint on the 
installation of PV systems. In the Gunma project in Japan, 
it was noticed that when the sun light intensity is more 
than 5 kWh/m2, the voltage of individual inverters went 
up by 2%. Also, the difference between weekly household 
load and the weekends load demand could shift the voltage 
profile of the feeder by 1.5% to 2% above the maximum 
limit. A voltage analysis of distribution feeder in Canada 
showed that overvoltage along the feeder is highly 
sensitive to photovoltaics system penetration level as well 
as to the point of interconnection of the PV cluster to the 
feeder; at high penetration levels, during light load 
conditions the voltage at the point of interconnection may 
increase by 2%-3% above the no load voltages especially 

when the PV cluster is located far from the distribution 
transformer [31-32]. 
 
Power losses 

Distributed Generation (DG) systems in general 
reduce system losses as they bring generation closer to the 
load. This assumption is true until reverse power flow 
starts to occur. A study showed that distribution system 
losses reach a minimum value at a penetration level of 
approximately 5%, but as the penetration level increases, 
the losses also increase and may exceed the no-DG system 
case [32]. 
 
Voltage control difficulty 

In a power system with embedded generation, 
voltage control becomes a difficult task due to the 
existence of more than one supply point. All the voltage 
regulating devices such as capacitor banks and voltage 
regulators are designed to operate in a system with 
unidirectional power flow [31].  
 
Phase unbalance 

Inverters used in small residential photovoltaics 
system installations are mostly single phase inverters. If 
these inverters are not distributed evenly among different 
phases, phase unbalance may take place shifting the 
neutral voltage to unsafe values and increasing the voltage 
unbalance [33].  
 
Power quality problems 

Power quality issues are one of the major impacts 
of high photovoltaics penetration level on distribution 
networks; power inverters used to interface PV arrays to 
power grids are producing harmonic currents; thus, they 
may increase the total harmonic distortion of both voltage 
and currents at the point of common coupling. However, 
voltage harmonics are usually within limits if the network 
is stiff enough with low equivalent series impedance. 
Current harmonics, on the other hand, are produced by 
high pulse power electronic inverters and usually appear at 
high orders with small magnitudes. An issue with higher-
order current harmonics is that they may trigger resonance 
in the system at high frequencies. This situation occurred 
in the holiday park in the Netherlands where the 11th and 
15th voltage harmonics exceeded the permissible limits 
due to resonance between the grid inductance and the 
inverter high capacitance [33-35]. 
 
Increased reactive power 

Photovoltaics system inverters normally operate 
at unity power factor for two reasons. The first reason is 
that current standards, according to IEEE 929-2000, do not 
allow Photovoltaics system inverters to operate in the 
voltage regulation mode. The second reason is that owners 
of small residential PV systems in the incentive-programs 
are revenue only for their kilowatt-hour yield, not for their 
kilovolt-ampere hour production. Thus, they prefer to 



                               VOL. 11, NO. 5, MARCH 2016                                                                                                                 ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      3568 

operate their inverters at unity power factor to maximize 
the active power generated and accordingly, their return. 
As a result, the active power requirements of existing 
loads are partially met by PV systems, reducing the active 
power supply from the utility. However, reactive power 
requirements are still the same and have to be supplied 
completely by the utility. A high rate of reactive power 
supply is not preferred by the utilities because in this case 
distribution transformers will operate at very low power 
factor. Efficiency of transformers efficiency decreases as 
their operating power factor decreases, as a result, the 
overall losses in distribution transformers will increase 
reducing the overall system efficiency [33]. 
 
Electromagnetic interference problem 

The high switching frequency of Photovoltaics 
system inverters may result in electromagnetic 
interference with neighboring circuits such as capacitor 
banks, protection devices, converters, and DC links 
leading to mal-function of these devices [33]. 
 
 Islanding detection difficulty 

The North American Electric Reliability 
Corporation requires photovoltaics systems to be 
disconnected once the connection with the utility supply is 
lost, as they can enliven the utility system and impose 
danger on personnel and equipment. Similarly, IEEE Std. 
929-2000 recommends that photovoltaic inverters should 
be disconnected within 6 cycles if an islanding condition is 
detected. Many techniques can be used to detect islanding, 
such as passive, active, hybrid, and communication based 
techniques. However, most of these islanding detection 
techniques are characterized by the presence of non 
detection zones defined as the loading conditions for 
which an islanding detection method would fail to operate 
in a timely manner, and are thus prone to failure. 
Moreover, the inclusion of islanding detection devices 
increases the overall cost of integrating PV systems in 
electrical networks [36-38]. 
 
CONCLUSIONS 

Photovoltaics systems are expected one of the 
most growing sources of electricity in the next decades. 
However, they have numerous negative impacts on 
electrical networks. There is no agreed upon maximum 
allowable penetration level for Photovoltaics electricity in 
a certain network as it depends on the network’s 
characteristics as well as types, locations, and 
geographical distribution of Photovoltaics arrays within 
the network. Results in the literature the penetration level 
of PV system vary from 1.3% up to 40%.  However, cloud 
transients and the mandatory increase in frequency 
regulation services are usually the bottleneck against the 
widespread adoption of PV system. The electrical power 
systems under the current circumstances are not yet ready 
to accommodate the anticipated increase in photovoltaic 
system penetration. More research work is clearly required 

to address these impacts and hence, stretch the allowable 
limits of Photovoltaics system. 
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