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ABSTRACT

This paper proposes to study the impacts of electrical line losses due to the connection of distributed generators (DG) to
22kV distribution system of Provincial Electricity Authority (PEA). Data of geographic information systems (GIS) in-
cluding the distance of distribution line and location of load being key parameter of PEA is simulated using digital si-
mulation and electrical network calculation program (DIgSILENT) to analyze power loss of the distribution system. In
addition, the capacity and location of DG installed into the distribution system is considered. The results are shown that,
when DG is installed close to the substation, the electrical line losses are reduced. However, if DG capacity becomes
larger and the distance between DG and load is longer, the electrical line losses tend to increase. The results of this pa-

per can be used to create the suitability and fairness of the fee for both DG and utility.
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1. Introduction

Electricity generated by the distributed generators (DG)
is increasingly becoming widespread in many countries
including Thailand by getting the attention of power in-
dustry increasingly. The installation of distributed gen-
erators in the power system affects to distribution system
in several issues. These issues are extensive discussions
such as magnitude and direction of power flow, electrical
line losses, voltage profile, power factor, and fault level.
The electrical line losses are one of issues that is inter-
ested. Electrical line loss occurs when current flows
through transmission and distribution systems. The mag-
nitude of the loss depends on amount of flowing current
and the line resistance. If the capacity and location of the
distribution or generators optimal to the size and location
of the load, it will help to reduce the real power loss in
the line. However, in some cases, the capacity and loca-
tion of the generator of the group and improper loading
may lead to more real power loss in the line.

Based on studied research papers related to electrical
loss, in the literature [1, 2], the paper discusses the sizing
and installation of distributed generators to reduce power
losses in the distribution system including charges that
will be occurred by the power losses. The size and
placement of distributed generators installed in a suitable
to minimize the power loss at the distribution system is
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analysed in [3-7]. In the literature [8-11], their papers use
a genetic algorithm, ant colony and fuzzy logic to ana-
lyze the optimal size and location for the installation of
distributed generators to reduce power loss and improve
the voltage in electrical system. As a result, all of the
above paper, the analysis and evaluation of electrical
power loss from only 1 DG are explained but these re-
search papers have been rarely mentioned about electri-
cal power loss from multi-distributed generators.

This paper studies the impact of multi-distributed gen-
erators (DG) when they are employed into the distribu-
tion system. The system under this study is from Provin-
cial Electricity Authority (PEA) that is a part of Thai-
land’s distribution system. The capacity and location of
distributed generators (DG) are varied in order to analy-
sis the electrical line loss of the system. DIgSILENT
power factory is employed to simulate and analyze the
electrical line loss when distributed generation (DG) is
connected to 22kV distribution system.

2. Electrical Line Losses Analysis [12]
2.1. The Analysis of Base Case

Electrical line losses for the base or for the case where
there is no DG connected to the distribution system as
shown in Figure 1 can be calculated by using equation 1.

P =3x12xrxL Q)

Lossl
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where

Plosst IS electrical line losses with no DG

r is line resistance (ohm per kilometer)

L is the distance between substation and load (kilome-
ter)

I_ is the line current (A)

2.2. The Analysis of Losses with DG

When the DG is included in the distribution system as
shown in Figure 2, the electrical line losses are the com-
bination of the electrical line losses occurring between
substation to the DG (P.sg) and can be calculated by us-
ing equation 2, and the electrical line losses occurring
between DG to the load location (P._t) which can be cal-
culated by using equation 3.
rxG
PLSG :W(PLZ +QE + PG2 +Q(25 _ZPLPG _ZQLQG) (2)
L
_IrxL
V2

P, {( P?+Q?)+(P2 +Q% —2P_P; —2Q,Q; )(%ﬂ

©))
Thus, the total electrical line losses (P ) will be cal-
culated by equation 4.

Pl :—)(L—G) 4)
where

Psis DG real power (W)

P_is load real power (W)

Figure 1. A simple radial system with no DG.
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Figure 2. A simple radial system with DG connected between Sub-
station and Load.
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Q¢ is DG reactive power (Var)
QL is load reactive power (Var)
\"A is load voltage

G is distance between substation and DG

3. Power System Simulation using
DIgSILENT

The scheme under investigation is a part of Thailand’s
electricity distribution system. DIgSILENT power fac-
tory is employed to simulate and analyze the affect of
electrical line losses when distributed generation (DG) is
connected to 22 kV distribution systems as shown in
Figure 3. Data of geographic information systems (GIS)
including the distance of distribution line and location of
load that are parameters of PEA are shown in Table 1.

From Figure 3, it can be seen that there are 8 buses
from substation and load of each bus that is connected
between distribution lines. To study the electrical line
losses, simulations were performed with various changes
as follows:

- A number of distributed generators are no DG, 1 DG,
and 2 DG that designated on any bus of distribution sys-
tem.

- The capacity of DG is 2 MVA, 4 MVA, 6 MVA, and
8 MVA installed at the bus.

- In case of 1 DG, the DG will be moved at each bus.

- In case of 2 DG, the first DG will be installed at bus
4 and other DG will be moved at other bus.

4. Impact of DG for Electrical line losses

The objective of this paper is to study the impact of elec-
trical line losses when multi-distributed generation is
connected to distribution system. The power loss of the
case of base case (no DG) is compared with the case of 1
DG and 2 DG. The results can be shown in Figure 4 and
Figure 5, respectively.
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Figure 3. A simple radial system with DG connected.
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Table 1. The length of transmission line and load in each
bus which is connected in distribution system.

Bus Distance (km) Load (MW)
Substation and 1 4.4 0.14
land 2 16.6 247
land 3 13 111
2and 4 28.5 1.35
4and 5 16.87 142
4 and 6 18 0.62
5and 7 10 0.58
6and 8 18.52 0.69
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Figure 4. Electrical line losses obtained from each bus for case of no
DG and with 1 DG.
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(d) Case of 2 DG that DG is 8 MVA at bus 4.

Figure 5. Electrical line losses obtained from each bus for the case of 2 DG that DG is installed at bus 4 and other DG is installed at each bus.

The electrical line losses in case of base case (no DG)
is 0.359 MW so the electrical line losses in this case will
be compared with 1 DG at each bus as shown in Figure
4 and Table 2. The comparison is divided into 4 groups
of case studies. The capacity of DG installed at each bus
is 2, 4, 6 and 8 MVA.

The results show that, when location of DG is at bus 1,
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2 and 3, the electrical line losses are lower than the base
case (no DG). However, when the DG is installed at bus
5, bus 6, bus 7 and bus 8, it can be seen that the electrical
line losses increase; this is because the size of load is less
than 1 MW and the distance from substation to load is
more than 50 km as shown in Table 1. This indicates that
utility has to be responsible for line losses. In addition,
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when capacity of DG installed at each bus is 2 MVA and
4 MVA, the electrical line losses are lower than the base
case (no DG) except for the case that the capacity of DG
is 4 MW and installation location is at bus 7 which load
is 0.58 MW. This indicates that utility has benefit from
employing DG. When increasing the capacity of DG (4,
6 and 8 MVA) at each bus, the electrical line losses are
higher than the base case (ho DG) by the size and dis-
tance of load. It is noticed that, when the capacity of DG
is increased, and if the DG capacity is not too large (less
than 4 MVA), the electrical line losses also decrease. On
the other hand, when the capacity of DG is increased and
considered the load at bus 2, it can be seen that the elec-
trical line losses are reduced for most cases because the
size of load is more than 2 MW and distance from sub-
station to load is about 20 km as shown in Table 1. This
also indicates that capacity of DG, location of DG, loca-
tion of load and size of load play an important role for
electrical line losses.

Table 2. The comparison of electrical line losses and per-
centage change between base case (no DG) and 1 DG.

2 MVA 4 MVA 6 MVA 8 MVA
Bus Loss % Loss Loss % Loss Loss %Loss Loss %Loss
(MW) (MW) (MW) (MW)

Table 3. The comparison of electrical line losses and per-
centage change between base case (no DG) and 2 DG that 2
MVA DG is installed at bus 4.

2 MVA 4 MVA 6 MVA 8 MVA
Bus Loss %Loss Loss %Loss Loss %Loss Loss %Loss
(MW) (MW) (MW) (MW)

1 0133 -62.95 0.12 -66.57 0.123 -65.74 0.143 -60.17
2 0109 -69.64 0.088 -75.49 0.107 -70.19 0.163 -54.60
3 0137 -61.84 0.209 -41.78 0.334 -6.96 0.235 -34.54
4 0112 -68.80 0.32 -10.86 0.751 109.19 1.361 279.11
5 0118 -67.13 0.251 -30.08 0.567 57.94 1.036 188.58
6 0166 -53.76 0.51 4206 1.14 217.55 1.978 450.97
7 0133 -6295 0.329 -8.36 0.741 106.41 1.325 269.08

8 0.133 -6295 0.12 -66.57 0.123 -65.74 0.143 -60.17

Table 4. The comparison of electrical line losses and per-
centage change between base case (no DG) and 2 DG that 4
MVA DG is installed at bus 4.

2 MVA 4 MVA 6 MVA 8 MVA
Bus Loss % Loss Loss % Loss Loss % Loss Loss %Loss
(MW) (MW) (MW) (MW)

0.31 -13.09 0.283 -21.17 0.268 -25.35 0.27 -24.79
0.27 -2451 0.206 -42.62 0.183 -49.03 0.2
0.31 -11.42 0304 -1532 0.32 -10.86 0.364 1.39
0.16 -5459 0.113 -68.52 0.196 -45.40 0.433 20.61

-44.29

0.17 -51.53 0.085 -76.32 0.565 57.38 1.072 198.61
0.17 -52.37 0.172 -52.09 0.366 195 0.725 101.95
0.22 -38.44 0.444 23.68 0.984 174.09 1.802 401.95
0.18 -48.19 0.271 -24.51 0.553 54.04 1.047 191.64

0 N oo o b~ W N

In case of base case (no DG), it is compared with 2
DG at each bus as shown in Figure 5 and Tables 3-6. It
can be seen that, the capacity of DG is 2 and 4 MVA that
is installed at bus 4 and other DG is 2, 4, 6 and 8 MVA
that is installed at each bus, are varied. The results show
that, when other DG is located at bus 1, 2 and 3, the elec-
trical line losses are lower than for both the base case (no
DG) and the case of 1 DG at the same bus as shown in
Table 3 and Table 4. However, the capacity of DG is 6
and 8 MVA that is installed at bus 4 and other DG is 2, 4,

6 and 8 MVA that is installed at each bus, are also varied.

The results show that, when other DG is located at bus 1,
2 and 3, the electrical line losses tend to increase at the
same bus as shown in Table 5 and Table 6. When the
other DG is installed at bus 5, bus 6, bus 7 and bus 8, it
can be seen that the electrical line losses increase because
of the capacity of DG.
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1 0.09 -62.95 0.094 -73.82 0.113 -68.52 0.149 -58.50
2 0092 -7437 0.111 -69.08 0.168 -53.20 0.261 -27.30
3 0094 -73.82 0.114 -68.25 0.163 -54.60 0.24 -33.15
4 0203 -43.45 0546 52.09 1.09 203.62 1.801 401.67
5 0201 -44.01 0.483 3454 0.923 157.10 1.512 321.17
6 0.244 -32.03 0.72 100.56 1.446 302.79 2.321 546.52
7 0215 -40.11 0554 54.32 1.081 201.11 1.768 392.48
8

0.09 -62.95 0.094 -73.82 0.113 -68.52 0.149 -58.50

Table 5. The comparison of electrical line losses and per-
centage change between base case (no DG) and 2 DG that 6
MVA DG is installed at bus 4.

2 MVA 4 MVA 6 MVA 8 MVA

Bus Loss % Loss Loss % Loss Loss % Loss Loss 9%lLoss

(MW) (MW) (MW) (MW)

0.133 25.63 0.22 -38.72 0.254 -29.25 0.304 -15.32
0.207 -42.34 0.261 -27.30 0.353 -1.67 048 33.70
0.204 -43.18 0.24 -33.15 0.304 -15.32 0.396 10.31
0.439 22.28 0.903 151.53 1.554 332.87 2.497 595.54
0.438 22.01 0.846 135.65 1.521 323.68 2.232 521.73
0.476 3259 1.062 195.82 1.879 423.40 2.936 717.83
0.45 2535 1.234 243.73 2.272 532.87 2.468 587.47
-38.72 0.254 -29.25 0.304 -15.32

0 N o o b~ W N P

0.133 25.63 0.22

EPE



S. THONGSUK, A. NGAOPITAKKUL 1041

Table 6. The comparison of electrical line losses and per-
centage change between base case (no DG) and 2 DG that 8
MVA DG is installed at bus 4.

2 MVA 4 MVA 6 MVA 8 MVA
Loss % Loss Loss % Loss Loss % Loss Loss 9%Loss
(MW) (MW) (MW) (MW)

0.451 25.63 0.483 3454 0.531 4791 0594 65.46

@
c
7}

0.437 21.73 0525 46.24 0.648 80.50 0.807 124.79
0.454 26.46 0.504 40.39 0.581 61.84 0.687 91.36
0.806 124.51 1.503 318.66 2.277 534.26 3.283 814.48
0.804 123.96 1.451 304.18 2.218 517.83 3.141 774.93
0.84 133.98 1.528 325.63 2.567 615.04 3.652 917.27
0.815 127.02 1.51 320.61 2.269 532.03 3.257 807.24

0 N oo o0~ W N P

0.451 2563 0.483 3454 0531 4791 0.594 65.46

On the other hand, when the capacity of DG at bus 4 is
varied and the capacity of other DG does not change, it is
noticed that the electrical line losses at each bus are
slightly increased more than the base case (no DG). This
also indicates the slight mismatch between DG capacity
and size of load.

Considering the load at bus 7 and bus 8 that is less
than 1 MW and load is installed at the end of the distri-
bution system, it can be seen that the electrical line losses
tend to increase, when the capacity of DG is increased.
However, if the DG capacity is not too large (less than 4
MVA), the electrical line losses also decrease. This also
indicates the slight mismatch between DG capacity and
size of load. From the Figure 5(d) and Table 6, it is
clearly seen that as the DG capacity increases, the elec-
trical line losses also increases.

5. Conclusions

This paper presented the impact of electrical line losses
when multi-distributed generation is connected to distri-
bution system. In order to evaluate the impact of multi-
DG for electrical line losses, the line losses of the case of
no DG and with DG are compared. The results show that
when DG is installed close to the substation, the electri-
cal line losses are reduced. However, if DG capacity be-
comes larger and the distance between DG and load is
longer, the electrical line losses tend to increase. The
results indicate that the capacity of DG, location of DG,
location of load and size of load play an important role
for electrical line losses as shown in Figures 4 and 5.
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