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Abstract: Power quality issues play a major role 
in reducing the efficiency of any renewable energy 
source. Grid connected Photovoltaic Power Plant 
suffer extensively due to substantial use of power 
electronic devises and switching when connected 
to grid. One of the major power quality issues that 
arises is the transient due to switching. This paper 
discusses an alternative switching method to 
reduce the transient effect to yield a better 
Photovoltaic Power Plant efficiency. 
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1. INTRODUCTION 
 

The interest for renewable energy has 
been driven by scope of components like fuel 
price spikes, climate change concerns, open 
discernment, and movements in renewable energy 
developments [1] [2]. In this edge of subject, the 
sun powered photovoltaic (PV) energy has 
grabbed a stature of value for its low natural 
impact, long working time and silent operation. 

The PV application is growing 
exponentially in the renewable energy market. It 
is additionally utilized today as an essential bit of 
technology in different applications relating to 
renewable power era. In spite of the fact that PV 
modules for the most part have low productivity. 
The general PV module power inefficiencies such 
as occurrences of power quality issues such as 
transients can be reduced by utilizing high 
ampleness power conditioners and switches which 
are relied upon to acquire the most conceivable 
level of power from the PV module [3]. 

Transients are power quality aggravations 
that include dangerous high extents of current and 
voltage or even both. It might achieve a great 
amount of volts and amps even in low voltage 

frameworks. Be that as it may, such incidents just 
exist in a brief span from under 50 nanoseconds to 
the length of 50 milliseconds. This is the most 
limited among PQ issues, thus, its name. 
Transients normally incorporate unusual 
frequencies, which could reach to as high as 5 
MHz [4]. 

 
Sources of transients in a common Single-

Phase Grid-Connected Photovoltaic Power Plant 
is due to the opening and closing of disconnects 
and switches on energized lines. Effects of 
Transient on Electronic Equipment are as such 
that the equipment will malfunction and produces 
undesired performances. It will also ensure the 
efficiency of electronic devices to be reduced. The 
effects on the distribution system and the PV plant 
are also devastating as the transients can degrade 
the contacting surfaces of circuit breakers and 
switches. The nuisance tripping of breakers due to 
false activation to a non-existent current demand 
can also reduce the PV plant’s reliability. 
Transients can also directly reduce transformer 
efficiency because of increased hysteresis losses 
[5, 6]. 

This paper discusses thoroughly on the 
dual switch method and the conventional single 
switch method together with their respective level 
of power quality disturbances and system 
efficiency due to implementation of the respective 
methods. Comparison on both switching methods 
will be done to ensure the best method is 
implemented for better system efficiency, stability 
and reliability. 

 
2. POWER PLANT DESIGN COURSE OF 

OPERATION 

PV array is associated with the DC bus 
through a DC/DC boost change converter, and 
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then to the AC grid through a DC/AC inverter. 
The inverter has its self-ruling control objective 
(boost converter controls the PV generator to 
deliver the maximum power possible and grid 
inverter control the active and reactive power at 
AC bus to be uniform). 

In order to set up a proper functioning PV 
power plant, a boost chopper circuit is always 
used as the boost DC/DC converter. The DC-DC 
converter rises the low sunlight based voltage to 
an appropriate level contrasting with the required 
PV power.  

The output of the DC-DC converter is 
then supplied to the DC/AC inverter. The inverter 
is used to wander down and to adjust the yield 
voltage as indicated by the network voltage. The 
AC output of the inverter often time comes with 
the high-order harmonics by the PWM switching 
of the DC/AC converter. A capacitor is generally 
associated between PV array and the boost circuit, 
which is used to reduce high frequency harmonics 
and also as a capacitor bank to supply reactive 
power in order to maintain the power factor of the 
grid. This entire power plant is designed to ensure 
a desired power supply of 7500W. 

 
3. INITIAL DESIGN AND TRANSIENT 

OCCURRENCE DUE TO SWITCHING 

The design difference that is discussed in 
this paper is the number of switches used to 
operate the solar power plant. Both method of 
using single and double switches are shown in 
figure below. Other than the number of switches 
and its connection, there is no other differences. 
Figure 1 shows the single switch configuration for 
the PV power plant design. 

 
Figure 1: PV Power Plant with Single Switch 

Configuration 
Initially, the power plant was designed 

with a single switch which is present between the 
filter at the output of the PV power plant and the 
grid. Simulation of this particular design showed a 
lot of transient occurrences during the switching 
period and took some time to stabilize. Figures 
below show the simulation results that contains 
transient distortions caused on the electricity 
supply to the grid from the PV plant. Figure 2 
shows the Real and Reactive Power supplied to 
the grid by the PV Power Plant. 

 
Figure 2a: Real Power supplied to the grid 
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Figure 2b: Reactive Power supplied to the grid 

The real power supplied to the grid using 
the single switch method has a lot of fluctuations. 
It even has a reverse flow of electrical supply of 
real power of 1750W and reactive power of 
12kVAR which can damage the PV Power Plant. 
The Figure 3 shows the distortion of the voltage 
and current supplied at the grid. 

 
Figure 3a: Voltage at the grid 

 
Figure 3b: Current supplied to the grid 

The voltage and current of the supplied 
grid is also very much distorted. It takes 4 seconds 
for the current supplied to the grid to stop 
fluctuating and stabilize. This is caused due to 
occurrences of transients during switching. When 
the PV power plant circuit is further examined on 
why such transients are occurring, it is discovered 

that there electrical energy flowing through the 
filter circuit before the grid switch is closed. 
Figure 4 shows the real and reactive power that 
passes through the filter and capacitor bank. 

 

 
Figure 4a: Real Power across the filter circuit 

 
Figure 4b: Reactive Power across the filter circuit 

This shows that there is electrical energy 
present across the filter is various magnitudes 
which confirms the presence of the cause of the 
energy distortion. Figure 5 shows the voltage and 
current across the filter circuit which shows the 
presence of fluctuations due to several 
occurrences of transient. 
 

 
Figure 5a: Voltage at the filter circuit 
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Figure 5b: Current flow across the filter circuit 

 
The current flow through the filter circuit 

before switch closing at the grid causes energy to 
be already running from the PV array through the 
inverter and into the filter circuit. This existing 
real and reactive current flow disturbs the supply 
to the grid when the grid switch is closed which 
we can see further fluctuations as a direct effect of 
transient after the switch is closed at 1s.  

The release of energy from the filter 
circuit due to the charge and discharge of the 
capacitor for every cycle develops transient when 
the grid-connecting switch is closed. The transient 
that makes the output waveform to fluctuate. It 
causes the time taken for the plant longer to 
produce a stable output. 

 
4. OVERCOMING TRANSIENT THROUGH 

DOUBLE SWITCH METHOD 

To stop the electricity flow through the 
filter capacitor, another switch is put at the end of 
the PV array in order to only have the electricity 
start to flow through the filter only when the 
switch that connects the output of the power plant 
to the grid closes.  

Both switching work simultaneously. 
Figure 6 shows the double switch configuration 
for the PV power plant design. 

 

Figure 6: PV Power Plant with Double Switch 
Configuration 

After setting up two switches that work 
simultaneously where the electrical energy 
produced at PV Array is only permitted to be 
supplied to the control circuit when the both PV 
switch grid and switch is closed at the same 
moment at 1 second. Figure 7 and 8 shows the 
voltage and current and real power and reactive 
power across the filter circuit respectively after 
using the double switch method. 

 
Figure 7a: Voltage at the filter circuit 

 
Figure 7b: Current flow across the filter circuit 

 
Figure 8a: Real Power across the filter circuit 
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Figure 8b: Reactive Power across the filter circuit 

The simulation result of the voltage and 
current through the filter circuit shows that the 
initiation of the disturbances have been reduced 
drastically. This can be proven by the real power 
across the filter circuit which only has one spike 
during the transient and then remains very low. 
The constant amount of reactive power that is 
flowing after switching at 1s is the reactive power 
supplied at the capacitor bank to maintain a good 
power factor. Figure 9 and 10 shows the voltage 
and current and real power and reactive power 
supplied to the grid. 

 
Figure 9a: Voltage at the grid 

 
Figure 9b: Current supplied to the grid 

 

Figure 10a: Real Power supplied to the grid 

 

Figure 10b: Reactive Power supplied to the grid 

The outcome of the double switch method 
can be clearly seen as it produced a much more 
stable output. The voltage is constant right after 
switches are closed. The current flow takes only 1 
s to adjust the flow into a uniform flow without 
any transients. The real and reactive power flow 
into the grid is present without much disturbance. 
The real power rises to supply the required power 
smoothly. The reactive power has only one spike 
before it reaches zero before 3s. Thus producing 
an output at unity power factor after a very 
prompt and smooth stabilization. 

 

5. Conclusion 

One of the fundamental issues is that 
there would be issues with precise functioning of 
electronic equipment. With transient, the 
efficiency of the hardware is influenced. In some 
incidents, it is unable to recognize the fault. Thus, 
the life of the gadget is abbreviated. This likewise 
harshly affects the Integrated circuits and can 
bring about getting them burn out.  
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Distribution devices, for example, 
transformers are influenced by Transient. The 
insulation is influenced antagonistically and could 
wear down easily. Hysteresis loss is rises higher 
and that prompts more current being infused into 
the transformer for the same yield.  

While there is an effect on transformers, 
the protection equipment are affected as well. The 
result can be seen when the contact area of 
breakers and switches degrades. In such cases, the 
breakers are going to act in a faulty manner and 
break the circuit on false accounts which is known 
as nuisance tripping. 

Thus overcoming transient in a 
Photovoltaic Power Plant will make the supply to 
the grid much more stable and reliable. It will also 
ensure a longer lifespan for both electronic 
equipment in the Photovoltaic Power Plant and 
the distribution and protection devices at the 
distribution side connected to the grid. 
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