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Impact of DG Integration in Distribution System on
Voltage Stability and Loss Reduction for Different

Loading Conditions
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Abstract: One of the modern and important techniquesin the
electrical distribution systems is to solve the networks problems
service availability, high loss, improve system voltage and
reliability, these can be resolved by accommodating small scaled
de-centralized generating stations in networks, which isknown as
Distributed Generation (DG).Distributed generation (DG) units
placed at the consumer end will minimize electric power losses,
improve reliability and voltage profile in the system. This paper,
presents a method to determine the proper size and location of
DG in a distribution system to reduce the losses and improve the
voltage stability for different loading conditions. The |EEE 33-
Bus system is used to simulate in Power World Simulator (PWS)
software and the voltage profile and losses in the system are
analyzed. The Simulated result shows that proper placement and
sizing of DG will reduce losses in the system and improve voltage
profile within the allowable limit and there by improve the
voltage stability.

Index Terms: Distribution system; Distributed generation;
Optimisation; Power loss; Sensitivity factor; voltage stability.

I. INTRODUCTION

The present traditional electrical power system includes
power generating plants mainly, hydro, thermal and nuclear.
These power plants are placed far away from the consumer
end and the electricity is transmitted from the generating end
to the consumer end through long transmission and
distribution lines. The power plants, transmission and
distribution systems are used to maximum extant and there
is no possibility to load it further and overloading of the
system may cause the voltage drop which may leads to
complete block out of the system. The option to meet this
growing in load demand is by increasing the generation and
expansion of transmission and distribution system which is
not economical and not environmental friendly. [1].
Therefore, the other aternative to solve the above problem
is to generate the electricity at the consumer end that is
called as distributed generation (DG).
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The distributed generation is a small-scale electricity
generation by using energy sources, such as wind energy,
solar, fuel cells and micro-turbines [2][3]. The DG units can
be connected directly to supply the load without the support
of utility grid or it can aso be connected to operate in
parallel with the utility grid.

When it is operating alone like micro-grid care should be
taken about voltage stability and power quality and
reliability due to uncertainty of renewable sources like wind
and solar. When it operating in parallel with the central grid
care should be taken to synchronize with the grid and also it
affects the voltage profile and losses.[4][5]

If The DG unitsis of small capacity when it is compared to
central power grid , then its impact is less but if its size is
more then its effects on the system is more [6].

II.STATEMENT OF THE PROBLEM

Introduction of distribution generation into the distribution
systems causes lot of changes in the power system i.e.
voltage, power quality, stability, reliability, power flow and
power system protection. The effects of the DG on stability
means, its effects on voltage stability, frequency stability
and angle stability. Out these the voltage stability is more
important in the distribution system. [7].
In the distribution system if the generation is equal to load
plus losses i.e active and reactive power are balanced then
there is no problem in its normal operating conditions.
However, some unexpected situation such as drastic
increase in the load may leads to abnormal condition. The
common abnormal conditions are reduction in voltage at the
buses which leads to voltage instability in the system [8][9].
The placement of inappropriate DG size and location can
increase the losses in the system and aso decrease or
increase in voltage level at some buses in the distribution
system leads to voltage instability[10][11].Therefore, the
objective of our analysis is to minimise the losses and to
verify whether the voltage profile is within acceptable limit.
So that voltage stability is maintained in the system with the
connection of DG into the distribution system. The voltage
congtraints are, given by

Vimin < Vi < Vimax
During this analysis, as per the standard we considered 6%
variable voltage as acceptable stable voltage limit i.e.
Vimin=0.94 p.u and V=106 p.u. The following section
will give details of how proper size and location of DG
affects the voltage stability in the distribution system.
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[1l. METHODOLOGY

In this paper, the analysis is done using loss sensitivity
factor and a new method is given to find the optimum size
and location of DG using power world simulator software
package to reduce losses and improve voltages at the
different buses that improves voltage stability in the
distribution system.

The method is applied for 33 bus system and results are
verified with and without DG to find optimum location and
size required to minimize losses and improve voltage
stability of distribution system for different loading
conditions.

IV.FORMULA TO FIND SENSITIVITY

In distribution system, if DG size is changed from
Ppe1 to Ppg, then the change in its in power loss is Py; to
P,,, and then the sensitivity factor is given by,

dpf_ _ PLI - PL?
dF;  Ppci1 — Ppas

In this method, Sensitivity factors are calculated at all buses
by using above equation and the bus which is having
maximum sensitivity is noted. In remaining buses, only
buses which are having sensitivity factors close to the
maximum value are chosen so that system calculation is
minimised only to a few buses. Then, at al of these buses,
power loss is calculated by placing the large step size of DG
and graph isdrawn using above

Selected values.

In the graph the minimum value indicates the minimum loss,
for a particular DG size which is the optimum DG size and
the bus at which this minimum loss occurs is the optimal
location of DG.

V.STEPSTO CARRY OUT SIMULATION
USING POWER WORLD SIMULATOR

The following steps are carried out to model the test system

in the power world simulator

e Draw the buses and enter the data.

e Draw the transmission lines and enter the data as given
in the test system.

o Draw the generators and enter the data.

e Draw theload and enter the data.

e Now run the model and observe the voltage at al the
buses and total lossesin the system without DG.

e Find the sensitivity factor at each bus with small
penetration of DG and note the most sensitive buses.

e Choose a bus from the above list and find the power
loss by varying DG in large size.

e Follow the same step until power loss starts increasing
and note down each value. Continue same procedure at
all the sensitive buses.

e Choose a bus at which power loss is minimum and its
corresponding DG size.

e Find the voltages at all the buses with optimum DG size
and location
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and check for voltage stability in the system

o |f the voltage profile and hence the stability is not
maintained at all the buses then increase the DG size at
a optimum location until the voltage stability is
mai ntai ned.

VI.SIMULATION RESULTSOF THE TEST SYSTEM

The above method is applied to a standard 33 bus system
which has been taken as the bench mark problem in many
| EEE papers.

leee 33 — Bus System

The above method is applied to 33-bus system using power
world simulator.
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Figure.l. IEEE 33- bustest system

The total load in the system is 3.72 MW and 2.3 MVAR.By
applying proposed method as given in the algorithm the
minimum MW loss is occurred when distributed generation
is incorporated at bus 13 with 30 % of generation and it is
given in table-1 and shown in figure 2.

Table-1
% of Distributed -
generation at Bus D'SmbUteq MW MW losses
13 generation
20 0.8100 0.1494
29 1.1745 0.1493
30 1.2150 0.1473
31 1.2555 0.1493
40 1.6200 0.1772
50 2.0250 0.2316
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Voltage profile without DG for Different Load Level
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Figure2. MW lossv/s % of DG at bus 13

Therefore the bus -13 can be chosen as optimum location
due to minimum losses with 30% DG at bus-13

The voltages at bus -13 with this 30% DG are not within the
limits therefore to obtain the voltage at all the buses within
the limits and to maintain the voltage stability in the system
% DG is increased at bus -13 till the voltages at the all the
buses are within the limits. In this case for 50% of DG at
bus -13, al the bus voltages are within the limits.

The comparison of voltages at the various buses with and
without DG is shown in

figure .3
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Figure. 3. Voltage Profile of 33- bus system
before and after placement of DG

Effects of Load Change on Losses and Voltage Stability

In power system load is not constant but it continuously
varies, so it required to study the effects of load change on
losses and voltage stability of the distribution system. In this
work the load change effects is studied in IEEE 33- bus
standard test system with and without placing the DG.

Effects of L oad change on L osses and voltage stability in
33-Bustest system with and without placing the DG

The losses and voltage stability is analyzed with and without
DG for 75, 85, 95,105,115 and 125 percentage of load in 33-
bus test system. The optimal location of DG obtained is at
bus 13 which is obtained from proposed Sensitivity factor
method.

The voltage profile with and without placing the DG for
different load level isanalyzed and it is shown in figure 4.
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Figure 4. Voltage Profile of 33-bus system without DG
for different load level
After placing the DG at bus 13 with different DG size for
various load level the voltage at all the buses are improved
as shown in figure 5.

Voltage profile with DG for Different Load Level
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Figureb5. Voltage Profile of 33-bus system with DG for
different load level

DG sizefor different load level in 33-Bus system

DG size required for different load level to maintain voltage
stability in the 33-Bus system is different and is tabulated in
table-2.

2179

Table-2
Load Level in% | 75 85 95 | 105 | 115 | 125
Active Power
supplied by DG | 1485 | 1.705 | 1.905 | 2.145 | 2.355 | 2.615
in MW
Reactive Power
supplied by DG | ngp5 | 1,065 | 1.185 | 1.340 | 1.470 | 1.635
in MVAr
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Figure. 6. DG sizefor different load level in 33-Bus
system
It is observed from the figure 6 that as load level increases
the DG size required aso increases to maintain the voltage
stability in the system.

The Power Loss with and without placing DG in 33-Bus

Figure. 7. Active power losswith and without DG in 33-
Bus system
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Figure.8. Reactive power losswith and without DG in
33-Bus system

The percentage reduction in loss is tabulated in table-4

system Table-4
The active and reactive power loses with DG and without Load Levelin
) . . % 75 85 95 105 | 115 125
DG for 33-Bus system for different load level is tabulated in
table-3 P Loss
Table-3 re.d”‘f;ﬂo” 61.11 | 56.45 | 43.47 | 39.06 | 30.09 | 46.55
Load Levdin% | 75 85 95 105 | 115 | 125 ne
Active Power QLoss
Lossin MW 0.180 | 0.248 | 0.276 | 0.384 | 0.432 | 0.580 reducétlon 72 | 7428 | 64.86 | 30.18 | 23.73 | 40.50
without DG in %
Active Power
Lossin MW with | 0.070 | 0.108 | 0.156 | 0.234 | 0.302 | 0.310 . .
DG It can be observed from the table-4 that with DG at optimal
Reactive Power location 20 to 70 % of |osses can be reduced.
Lossin MVAr | 0125 | 0.175 | 0.185 | 0.265 | 0.295 | 0.395
without DG VII- CONCLUSION
RLe;g'i‘éeN'lj v 0035 | 0045 | 0.065 | 0.185 | 0225 | 0235 | The DG size and location plays a very important role in the
with DG application of DG to minimise the losses and improve

The active power loses with DG and without DG for 33-Bus
system for different load level is shown in figure 7 and the
reactive power loses with DG and without DG is shown in
figure 8.
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voltage stability in the system. In this paper an agorithm is
given to find the optimum location and size of DG to reduce
the total power losses and improve the voltage profile in
primary distribution system and the voltage stability analysis
is done for different load level. The IEEE-33 bus system is
taken for analysis and simulation is done using power world
simulator software, the results shows that the optimal
location of the DG can reduce power losses and Voltage
stability can be improved by selecting proper size of DG at a
selected optimal location which improves overall
performance in the distribution system.
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