Bulletin of Electrical Engineering and Informatics
Vol. 8, No. 3, September 2019, pp. 1162~1168
ISSN: 2302-9285, DOI: 10.11591/eei.v8i3.1632 a 1162

Analysis on the voltage stability on transmission network with
PV interconnection

Karmila Kamil, Muhammad Amirul Ashraf Ab Rahman, Chong Kok Hen, Halimatun Hashim, Mohd
Helmi Mansor
Department of Electrical and Electronics Engineering, College of Engineering, Universiti Tenaga Nasional, Malaysia

Article Info ABSTRACT

Article history: Voltage stability means the ability of the power system network to maintain
. steady-state voltage value at all buses in the system under normal condition

Received Apr 30, 2019 and after being subjected to a disturbance. This research highlights the effect

Revised Jun 20, 2019 of solar photovoltaic (PV) as the subject of disturbance to the network

Accepted Jul 10, 2019 system as this kind of energy source has emerged towards higher level of

integration into the national grid. High penetration of solar PV into the grid

may cause several issues of stability and security to the system particularly
Keywords: effecting the normal voltage and line overloading. This research is focused
on the simulation of power flow to study the transmission network behavior

Line loading with and without the solar PV interconnection. To accomplish the research
Power flow . objectives, the network system will be modelled in a software known as
Solar PV penetration Power System Simulator for Engineering (PSSE). The simulation result will
Voltage stability be discussed and analyzed using Voltage Stability Indices (VSI) to prove and
Voltage Stability Indices (VSI) strengthen the theory behind the literature review.

Copyright © 2019 Institute of Advanced Engineering and Science.
All rights reserved.

Corresponding Author:

Karmila Kamil,

Department of Electrical and Electronics Engineering,
College of Engineering, Universiti Tenaga Nasional,
Jalan Ikram-Uniten, 43000 Kajang, Selangor, Malaysia.
Email: karmila@uniten.edu.my

1. INTRODUCTION

Solar energy is currently one of the most growing and reliable energy source all over the world as
this type of energy is the most abundant, clean and eco-friendly of all the renewable energy resources. PV
technology is one of the finest ways to harness this solar power. Photovoltaic device acts as stand-alone
system that enables direct conversion of sunlight into electricity outputs ranging from microwatts to
megawatts [1]. The solar PV usually being set to operate at unity power factor which means that it only
injecting active power (MW) output to the network system.

Nowadays, many nations in the world has connected PV solar system to their respective power grid
as one of the electricity sources due to energy demands keep increasing [2]. For example, China has been the
largest photovoltaic generation installed capacity in the world. As for 2015, China has generate
approximately 392 GWh of power from photovoltaic system annually [3]. According to ERU Annual Report
on the Operation of the Energy System in Republic Czech in 2015, photovoltaic has produced 2263.8 GWh
which is 10% of installed capacity share for the country [4]. Meanwhile, 7.236 GWh of total solar energy
produced in Romania in 2016 [5].

Despite of all the advantages and benefits of the usage of photovoltaic interconnection with national
power grid, there’s some potential side issue that need to be concern by every nation. Solar energy were
classified as one of the non-dispatchable renewable energy. Non-dispatchable means that the input power or
energy harvested from the Sun cannot be controlled [6].
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One of the main concern regarding the usage of solar PV is the ability to dispatch desired power
output according to demand. This is because there will be a time where the total power generated exceeding
the total load demand or in other word the net power is not equilibrium. Under normal operating condition,
there are many option for scheduling power generation. In a typical power system, the objective is to
determine the active and reactive power scheduling of each power plant. This indicates that the generator’s
active and reactive power are enabled to vary within certain limits in order to meet a particular load
demand [7].

Besides, the electrical energy generated from solar PV are differ from conventional generators in
term of moment of inertia. Inertia is induced from fundamental mechanical equipment in the generator which
results in producing reactive power to the power system. The reactive power supply is related to the dynamic
performance of the system in order to maintain the system transient stability while avoiding disturbance in
the power system. Therefore, solar PV penetration which is replacing conventional generator will reducing
inertia within the system while limiting the magnitude of reactive power supplied into the system [8, 9].
Reactive power plays an important role in a power system as it affects voltages throughout the network
system [10].

Based on [11-14], voltage stability refers to the ability of the power system to maintain acceptable
voltage value at all buses in the system under normal condition and after being subjected to a disturbance.
Every power system are designed to operate and well-function within a range of voltages. According to TNB
Grid Code, the steady-state voltage level under normal condition for 132 kV network system is within the
range of -5% & +10% [15]. Any violation in term of stated limit is considered as voltage collapse and causes
system instability issues. With the presence of solar PV, the normal limit of power generation will be affected
and causing some instability and reliability issues to the network system. This will trigger some concern
towards the normal voltage of the bus system.

This paper investigates the impact of solar PV into a transmission network mainly towards the
voltage stability of the whole network. The paper is summarized accordingly: Section | provides the research
background and introduction. Section Il and Il will describing the detailed methodology and test systems
while Section 1V illustrating the results. Section V will conclude all the key findings of this research. Section
VI is s list of references used to support information for this paper work.

2. RESEARCH METHOD
2.1. Voltage stability indices

Voltage stability analysis can be evaluated by the VSI referred to a line in the power system
network. VSI are important in deciding the limit of the operating point to voltage collapse point. VSI were
used to detect the most sensitive line or bus in the network system. Generally, the index value varies in
between 0 and 1. In order to maintain stable-state condition, the index value must be less than value 1.
Voltage collapse occurred when the index showing value beyond 1. This research also proposes the suitable
location PV placement in the simulation network based on a VSI calculation which is to determine the
weakest bus in the system [16-17]. These VSI are derived directly from a single line diagram as shown in
Figure 1 [18-22].
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Figure 1. Single line 2 bus system

Where: Vs=Voltage of sending bus
Vr=Voltage of receiving bus
6=Angle of voltage
Z=Line impedance
B=Angle of line impedance
Sg=Apparent power of receiving bus
Pr=Active power of receiving bus
Qr=Reactive power of receiving bus
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For this research, there are 3 types of induces that have been used:
a. Fast voltage stability index (FVSI)

4Z%QR

FVSI = TTx 1)

b.  Line stability factor (LQP)
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c.  Line voltage stability index (LVSI)

4 X PR
Lvsi = [Vs cos(8- 8)]? (3)
2.2. Proposed approaches and method
The overall procedures in order to achieve the objectives of this research divided into two parts:

a.  The procedure to find the suitable placement of the solar PV source is described as:

Step 1: Load base case bus test system data in PSSE software.

Step 2: Simulate the power flow of the network and obtain the voltage.

Step 3: Calculate the VSI using (1), (2) and (3).

Step 4: Determine the weakest bus using the VSI.
b.  The procedure to determine the maximum output for the solar PV is describe as belows:

Step 5: PV is injected into the bus system at the weakest bus

Step 6: Initially, the output of the solar PV started with 100 MW.

Step 7: Repeat Step 2 and 3

Step 8: Increase the PV output by 100 MW for every test until the system collapsed and there is

violation in bus voltage magnitude.

3. TEST SYSTEM

In order to test and verify the proposed approach, the network model is based on the 14 bus test
system. All the bus, line and generator data for the system is provided from IEEE. The 14 bus network
consists of 5 generator buses, 11 load buses and 20 lines. The base voltage considered to be 132 kV for
transmission network with 100 MVA for base MVA. Figure 2 shows the single line diagram for IEEE 14
bus system.

0

Figure 2. IEEE 14 bus system single line diagram
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4.  SIMULATION RESULT AND DISCUSSION
4.1. Weak area analysis for optimal solar PV placement

For weak area analysis, the most vulnerable line can be detected using the VSI [23-25]. Determining
the weak area in a network system is important in voltage stability analysis in order to determine the suitable
placement of solar PV interconnection. VSI were used to detect the most sensitive bus and also critical line in
a network system. The index values varies from 0 to 1. With this index, the weakest line will show the index
value that is closer to unity which is 1.

The overall result for VVSI are shown in Figure 3. From the graph in Figure 3, the results show that
all the index values are below 1 which means there is no violation in term of line loading. Therefore, the
network system has been verified to be stable and no voltage collapse in steady state mode. However, it can
clearly be observed that all the VSI coincided and showed that the highest index reading at line 4-9.
Therefore, as the conclusion, line branch 4-9 are the weakest line in the system. As in literature review based
on [16], [17], [23], the optimal placement for solar PV in the network system is at the bus that located
furthest from the generator buses and also high loading in order to provide better stability to the system.
Hence, solar PV will be located at Bus 9.

Weak Area Analysis Using VSIs
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Figure 3. The value of each VSI for each branches

4.2. Effect of the increment of solar PV integration

Installation of solar PV into a network system will helps in increasing voltage profile and also
reducing the VSI indices. But for some cases, when the PV penetration is higher and exceeding the load
power demand, overloading can occurred at certain location in the system. Therefore, this research has
proceeded to the next phase which is to test the ability of the network system to receive more power from the
solar PV or in other words the maximum PV output power generation that will cause overloading or collapse
issue to the system. For this test, the area of research has been narrowed down to the local area surrounding
Bus 9 which mean the line branches that connected to the Bus 9 only which is shown in Figure 4.
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Figure 4. The line branches that connected to Bus 9
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Therefore, there are only 4 lines that connected to other 4 load buses. This is because, one of these
lines will be the first that will be affected if there is overloading occurred that will result the voltage collapse
to these marked buses. The output from solar PV started at value of 100 MW and will have the increment of
100 MW for every simulation test until the line branches overloaded. For every increment, the result for the
bus voltage magnitude will be tabulate accordingly to observe the voltage profile as the PV output increases.

Based on Table 1, the network system is shifting from a stable system towards instability state
which is when PV integration is at 300 MW capacity based on the selected bus voltages. The main reason
behind this instability issue comes from the high increment of active power in the whole system. Most of the
conventional generators have a control over their own terminal voltages and power output. The power
generated by generator is divided into two types which is active power and reactive power. The generation of
active power will require support from the reactive power. Active power is for supplying the load demand
while reactive power provides the crucial function of regulating bus voltages [8-9].

Table 1. The voltage magnitude for each PV output increment

Bus Voltage Magnitude (V)
Number ~ NoPV 100 MW 200 MW 300 MW
4 1.0122 1.0114 0.9999 0.3012
7 1.0006 0.9918 0.9588 0.2441
9 0.9803 0.9799 0.9461 0.1171
10 0.9787 0.9813 0.9491 0.128
14 0.9672 0.9728 0.9415 0.1242

In addition, the injection of 300 MW of PV output somehow blow out the whole system resulting a
major power tripping. From the simulation result showed that the network system unstable because all the
limits for the generators has been violated. The ratio of active power and reactive power is not well-balanced
resulting the voltage collapse and line tripping. When reactive power is not sufficient, the voltage dropped
drastically and there’s no other possible way to deliver power for the load demand throughout the network
system [10, 23].

The calculation of the VSI started with the initial steady state condition of network system which is
without PV until the voltage got collapsed which is the PV output was at 300 MW. The voltage stability will
be assessed to observe and further analyze the performance of the power system network with and without
PV interconnection in terms of indices.

Based on all the formula for VSI stated earlier, the main factor that can manipulate the index values
are the bus voltages. The bus voltages is on the denominator side of the formula meaning that voltage is
inversely proportional to the index value. Based on Table 1, it can clearly be observed that as the PV
injection increase, the bus voltages keep on decreasing. Therefore, when voltage collapse occurred which
means Vs is very low, the numerator will be much higher than the denominator. At these conditions, the
index will give an output value of more than 1 which indicates system instability.

From the earlier explanation regarding the correlation between reactive power and bus voltages,
these index values were calculated as to strengthen the accuracy of the earlier theory. Based on the simulation
result in Figure 5, at 300 MW PV penetration, the network system become instable because most the
generator buses operate at PF lower than 0.85 and having low voltage. Hence, this will cause very low
voltage at the neighboring buses especially the load end. Based on the Figure 6, 7 and 8, at 300 MW, all the
index values are showing similar results of reaching value 1 which indicates the line branches have become
critical and voltage has already collapse. All the 3 graphs showing a similar pattern which are as the PV
output increase, all the index values also keep increasing until the value exceed 1.
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Figure 5. The result for 300 MW of PV injection at Bus 9
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Figure 8. LVSI values for local area with and without PV

5. CONCLUSION
As for the conclusion, the calculation of the VSI are one of the early indicator of determining the

stability state of the power system and very essential for the voltage stability analysis. The applicability of the
proposed VSI has been investigated under several different situation and being compared with the actual
simulation result. The application results clearly highlight the effectiveness and precision of the proposed
VSI compared to the simulation result.

From all the results shown, it also can verify that the proposed methodology can be applied to
determine optimal locations for solar PV in the transmission network. In addition, suitable placement of solar
PV can lead to a better system stability.

However, when PV output increases, the total power generated by conventional generator will
decreases accordingly depending on the nature of load. The generation of reactive power need to be increased
in order to deliver all the active power to the end load. In addition, a network system is subjected to voltage
collapse issues if there is heavy power flow into an area with insufficient reactive power reserves because of
generators’ limitation and optimal dispatch. Therefore, determining the weak area for line branches and buses
at preliminary stage is crucial in order to maintain the power system stability and reliability.
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