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Abstract— Selecting the most appropriate location for installation of DGs combined with the optimal size of the DG unit is of the greatest
priority in a power system network. In this paper the optimal size and location of distributed generation in the Onitsha distribution network in
the Nigeria power system was solved by implementing the Particle Swarm Optimization (PSO) algorithm in MATPOWER 5.1 toolbox. The
ETAP sofiware environment was used to perform the baseline load flow calculation, and the RVSI technique produced the maximum voltage
indices 0f 0.0261 and 0.0625 at the Ezeiweka bus and GCM bus, respectively. DG placed at these locations showed that at 80% of load size
insertion, the least active and reactive power losses of 3.9176 MW and 3.6283 MVar respectively were achieved. For the conventional PSO
method, the minimum value of fitness losses of 0.0406 which represents the minimum amount of power loss was recorded at PP1 -bus with a
corresponding DG unit size of 5.6722 MW. When this optimal unit size of 5.6722MW was placed at PPI -bus, the power losses were reduced
appreciably to 2.860MW, and 3.330 MVAr respectively. This shows that the PSO algorithm has a better performance than the RSVI method in

terms of voltage stability and power loss reduction for DG sizing and location in a distribution network.
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I INTRODUCTION

Installing a DG at a non-optimal location can instead have the
opposite effect on the system by considering the cost
efficiency, such as increasing system losses followed by an
increase in cost. With all that in consideration, selecting the
most appropriate location for installation combined with the
optimal size of a DG unit is of the greatest priority in a power
system network. However, it is the highest concern to choose
the most suitable position for installation paired with the
optimum size of a DG in a power system [1]. The most
powerful and fundamental way to solve the problems of power
system operation and planning is load flow analysis. Load
flow analysis recognizes the consistent operation state with
node voltages and branch power flow in the system. In
optimization, numerous techniques are used in the power
system to deal with the problem. The placement of DG sites
must be optimized in order to create the most cost-effective,
efficient, and technically sound distribution network [2] when
addressing the issue of distributed generation (DG) allocation.

Optimal placement of DGs is basically a complex
combinatorial optimization issue which requires concurrent
optimization of multiple objectives, for instance minimizations
of real and reactive power losses, node voltage deviation,
carbon emanation, line loading, and shortcircuit capacity and
maximization of network reliability etc. The objective is to
find the best placement for DG devices in a distribution
network. The optimization is performed within the bounds of
voltage limit of the nodes, thermal limit of network branches,
and maximum DG sizes [3]. In most of the planning models,
the optimal distribution network is determined based on a
deterministic load demand which is usually obtained from a
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load forecast. Also the placement of the DG units mainly the
renewable energy sources placement, is affected by several
factorssuch as wind speed, solar irradiation, environmental
factors, geographical topography, political factors, etc [4]. The
most essential uncertainty to account for the time-varying
characteristics of both generation and demand of power are the
increasing penetrations of different distributed generators at
present load growth. This paper dwells on implementing an
evolutionary technique Particle Swarm Optimization (PSO)
method for finding the optimal size and location of DG in the
Onitsha distribution network.

II. MATERIALS AND METHODS

To determine the weak buses or critical lines that are most
unstable, the Revamp Voltage Stability Indicator was
deployed. The index gives low value under normal system
condition and the stability index valueis high when the system
is subjected to instability. Thus, the buses or lines with high
index are identified to be candidate location for the integration
of PV [5]. The RVSI is used to identify the weak zones or
critical lines that are on the brink of instability. The weakest of
the buses will serve as the location for PV integration. This
helps to reduce the computational time required in
performance assessment of PV at all bus locations within the
network. The RVSI employs factors such as reactive power
flow, voltage angle, load demand, power flow and network
topology to determine the margin of stability in the system.

Using MATLAB software, the sending and receiving angle
values forthe buses were determined. Let the sending bus and
receiving bus be and respectively, and current
flowing through the sending and receiving bus.

Therefore,
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Where,

Z=line impedance, X=line reactance, =receiving end VAR,

= voltage at the sending end, R = line resistance, 6= power
angle.

2.1 Bus Voltage Magnitude Constraints

In a radial distribution network, the voltage magnitude at
each bus is considered unsatisfactory if the voltage is less than
the 0.95 p.u minimal threshold value. One of the most
practical solution to improve and support these low voltage
magnitude is the integration distributed generation [7],[8].
However, if the amount integrated exceeds the maximum
allowable limit, it may cause overvoltage problems. The
lowest and maximum values to be maintained at all nodes and
buses should be within limits.

(Wemin | 21| = Ve [} = (0.95 = W, = 1.05)

2.2 Power Flow Constraints

The sum of active power supplied (Pksupplied) must be
equivalent to the sum of the active bus loads (PrLoads) and sum
of the active power losses in the line (Pr Loss).

Picsuppiied = Pr1oads + Pr rom

2.3 Determination of Injected PV Optimal Size

The optimal size or hosting capacity of the injected PV
systems at various buses was determined by increasingly
integrating the PVs at 20% of load demand into the indentified
weak buses. As PV injects active power at unity power factor,
the active power which is equivalent to the considered
percentage values of active power at the identified critical
buses were injected. The optimal value is reached when there
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is further increase in system losses. At this level, reversed
power flow is bound to occur in the network. Reverse power
flow occurs when the amount of power generated by
distributed energy resources (DERs), such as photovoltaic
(PV) systems exceeds the local demand. This situation is often
referred to as “surplus generation”. When the PV hosting
capacity is exceeded, the excess power flow causes instability
in the system [8],[9].

(_ Start ’)

Run load flow on base network
wthout PV

. |
b 2
I Compute RVSI l

1

No _ Al Buses ~—__
_Considered?_—

Ives

Pick the bus assoctated with the haghest ranked
mdex m Awada & GCM feeder as the critscal bus

active load and run load flow. Record voltage values,
real and reactive power losses
T

v
Steadily increase PV sizes in steps of 20%. Repeat load flow for
each. Record voltage values, real and reactive power losses

|7’Pl;ce PV ar idennfied weak buses at 207 of the m(ni\l

Record optimal locations and sizes

Fig. 2.1. Flow chart for determining the optimal location and size of PV using
RVSI

The optimal percentage level at which the PV is integrated
into the network without causing increase in losses and reverse
flow of power marks the hosting capacity of the network. In
this paper, the PV system were increasingly injected at various
percentage levels starting from 20% of the load demand, then
increasing in steps of twenties (20s) of the active power
demand at the indentified weakest buses. The load demand of
the Awada feeg is 63.18 MW, while that of GCM feeder is
56.74 MW aé %Qe percentage injection increase values are
shown in Table 2.1.

TABLE 2.1. Percentage injected PV capacities

Percentage Increase Awada Feeder (MW) GCM Feeder (MW)
20% 12.63 11.34
40% 25.27 22.69
60% 37.90 34.04
80% 50.54 45.39
100% 63.18 56.74

2.4 Load Flow Simulation Result of the Onitsha Distribution
Network without DG

The result obtained from the load flow study of the
network which include the active power loss, reactive power
loss, voltage magnitude and voltage angles are shown in Table
2.2
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TABLE 2.2. Result of Load Flow Study of the Onitsha Distribution Network

using ETAP
Bus | Bus Name From | Ta Line No Line losses Voltage Angle
MNe. Bus Bus MW MVar Magritude | (Deg.)
(pou]

1 Slack Bus 1 0000 0,000 1 o

2 Ayprada 1 1 2 1 01336 0.1480 0.9913 -0.0025
3 | Mgbemena 2 E] 2 0.0430 | D.048% | 09913 | 0.0027
4 Dkpoko 3 4 3 0.0015 00187 10.9506 00034
5 Omoba 4 5 4 0.1903 0.2107 0.9554 00053
6 Minaj 5 [ 5 0.0108 L0130 0.9965 -0.0071
7 Inland Terem 4 7 ] 00165 L0155 0.9765 -0.0097
8 Industrial Line I 8 7 0.2082 02306 10.9608 -0.0115
a GRA B 9 8 00330 0.3660 0.9586 00135
10 | PP1 -] 10 ] 00319 00353 0.9581 0,027
11 BLINT 10 11 10 0.0335 00310 0.9655 -0.0103
13 | Ezeiveeka 11 12 11 08213 0LB033 0.9634 000110
13 | Nwagiki 12 13 12 0. 7015 07034 0.8835 -0.0113
14 | Walive 12 14 13 00314 oage 0.BE16 -0.0116
15 | Premier 14 15 1= 0.0011 0.0007 0.9614 00624
16 | Wharf 15 16 15 01635 02565 0.9209 -0.0707
17 | ko 12 17 156 00023 L0035 0.9152 -0.07a1
18 | hoeka 17 18 17 0.0173 | 00271 | 09148 | 00921
19 | Housing 15 19 15 013 L0020 0.9057 0ozl
20| Waber works 19 20 19 0.0041 | 00052 0.9036 | -0.1038
F1 | uga 20 21 20 01170 | 01283 0.8580 | -0.1754
x2 Fegge 1 x2 21 0. 708 03420 0.8950 -0.1419
3 Bida 22 23 22 00003 CLOOOE 0.89%5 0. 16098
F4 Parket 23 24 23 0. 7208 O.FE3S Q.8594 0. 1695
5 Harbows 24 s 24 0. 65965 OGS TE 0.9018 D 1975
6 Inzerfact 25 26 a5 00380 QLOARE 0.9103 -“D.2I814
x7 GCM 1 26 7 i 0.1934 0.2140 0.9218 -0.7846
& Dhogry 2T I8 a7 4003 0.031% 0.9334 -~ 2080
Fal E. Aamvobi Z28 3 28 0. 1505 02197 0.9550 3383
30 Goddar 9 30 29 0.0134a 00115 0.9711 “0.3782

Totsl | 52542 | 53803

In Table 2.2, Bus 1 represents the slack bus, with a
reference voltage of 1 per unit and an angle of 0 degrees.
Other buses have varying voltage magnitude and angles,
which reflect the voltage levels and phase angles at these
points in the network relative to the slack bus. The allowable
voltage drop is £5%.

TABLE 2.3. Result of voltage stability index (RSVI) for the two feeders

B Mo, MName of Substation From Bus | ToBus AR5

1 Slach i

2 Awada i i 2 D.0023
3 Mgbemana 2 £l [ e
4 Opoko: 3 4 ikt ]
5 Omoba 4 5 0,006
& Mir 5 & 00000
7 Inland Town i 7 00154
B Incustrial Line T B 00179
9 GRA B ] 00067
p 1] PP -3 19 0.0015
11 IUMT p i) 11 o015 T
1¥ Ezaiweka 11 13 [iler 3]
1% Mwaziid 12 13 0.0193
14 Woliw 13 14 .O190
1% Pramier 14 1% 0.0130
i& Wharf is i& 00113
i7 Tyl b i7 00012
18 Pk 7 18 .00y
19 Housing: 18 19 0.0011
0 Wiater wworks iz 20 D071
21 Uga a0 1 0.0051
2 Fegge 1 b 0241
3 Bida 2 3 0D.0293
24 Market 23 24 01884
25 Hasr bemur 24 5 0.0485
6 Interfact i i ] DLOS04
7 GCM N 6 7 00625
28 Dy 27 28 D.0524
29 E. Aok 8 29 00180
30 Godden pic] 30 00531

The voltage stability index simulation results are as shown
in Table 2.3. Figure 2.2 and 2.3 show the stability index
results for Awada injection feeder and GCM injection feeder
respectively. Ezeiweka bus recorded the highest index value in
Awada feeder, thus, the busis taken to be the weakest bus for
PV integration. On the GCM injection feeder, the highest
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index value was recorded at the Market bus, hence, the
weakest bus for PV integration in the GCM feeder.

RVSI for Awada injection feeder
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Fig. 2.2. RVSI for Awada Injection Substation feeder
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Fig 2.3. RVSI for GCM injection Substation feeder
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Fig. 2.4. Onitsha Distribution Network with PV location in ETAP
environment

Figure 2.4 shows the Onitsha distribution network with PV
located at the Nwaziki bus and Market bus following the
results obtained from the RVSIstudy. The PV located at these
weak buses would be simulated in incremental steps of 20% of
the load demand so as to ascertain the optimal size.

2.5 Simulation results for the integration of PV at incremental
steps of 20% of load demand
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The integration of photovoltaic (PV) system into the power
distribution network has profound implication for the power
losses. The load demand of the Nwaziki busis 7.1 MW, while
that of Market bus is 6.4 MW and the percentage injection
increase values are shown in Table 2.5.

TABLE 2 .4. Percentage injected PV capacities
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integration was increased to 60%, the active and reactive
power losses were reduced to 4.7684MW and 4.8720MVar
accounting to 9.24% and 9.44% reduction respectively. Also,
for 80% integration, the power losses were reduced from the
base valuesto 3.9176MW and 3.6283MVar which represents
25.43% and 32.56%. Whenthe PV integration was increased
to 100%, the active and reactive power losses were reduced

Percentage Increase Nwaziki Bus (MW) Market Bus (MW) .
from the base values to 4.7038MW and 4.9765Mvar which
20% 142 128 account for 10.47% and 7.50% reduction respectively.
10% 2584 236
TABLE 2.5b. Results for Active and Reactive Power losses at Percentage
60% 426 3.84 _ Incremental PV integration
Bus From To Line Line losses
80% 5.68 488 No. | Bus Bus | Ne PV ar 80%% PV ar 100%%
% a5 MY ar MW MW axr
1 00000 O 0000 [e0s e lelv] 00000
100% 71 6.4 2 1 2 1 0.1110 0.1257 01165 0.1240
3 2 3 2 00241 00250 00322 0.0335
= 3 + 3 0.0000 00005 0.0015 0.0115
5 4 5 E 0.1240 0.1155 0. 1845 0.2125
1 & > (<) 3 00105 0000 S 00125 0.0135
The results in Table 2.5 show power losses for the 2 2 g s T ooiis | oorto | oosis | ooirs
incremental step integration of PV on Nwaziki bus and Market £ = = R R T e e
1 1 1 q 1 M b 10 = 10 o 0.0115 0.0125 0.0223 0.0226
bus. It is evident thatthe PV integration in the identified buses = S B B B B e e
1 11 1 1 1 12 11 12 11 0.6345 0.6415 0.7516 0. 7400
have significant effect in improving the performance of the o= I e =l SR
1 1 1 14 12 14 13 00176 00352 0.0Z35 00446
dlStrlbutlon network' 15 14 15 14 0.0056 0.0005 O0.0055 0.0104
16 15 16 15 0.1305 0.1311 0.1402 0.2415
. . 17 12 17 16 0.0015 0.0010 0.0012 0.0034
TABLE 2.5a. Results for Active and Reactive Power losses at Percentage 18 17 18 17 | o.0152 | 0.0171 | 0.0163 0.0278
3 3 19 is 19 18 D.0002 Q.0015 o.0012 0.0020
- Incremental P\_/ mtegratlon 20 19 20 19 0.0035 0.0041 0.0035 0.0041
Bus | From |To | Line Lint o8t 21 20 21 20 | 0.1163 | 0.1271 | 0.1163 0.1271
No. | Bus |Bus | No PV at 20% PV at 40% PV at 60% 22 1 22 21 | 0.6316 | 0.2112 | 0.6218 0.2106
MW T MVar A MVar MW MVar 23 22 23 22 | 0.0002 | 0.0004 | 0.0005 0.0008
1 1 0.0000 | 0.0000 0.0000 0.0000 0.0000 0.0000 24 23 24 23 0.5510 0.5421 0.6618 0.6413
2 1 2 1 | 01331 | 0.1480 [ 0.1321 | 0.1470 | 0.1215 | 0.1350 25 24 25 24 | 05361 | 0.5153 | 0.6502 0.5220
3 2 3 | 2 | 00440 | 00488 | 00431 | 0.0475 | 0.0321 | 00473 26 25 26 25 | 0.0070 | 0.0031 | 0.0220 | 0.1435
B 3 4 3| 0.0014 | 00107 | 0.0012 | 00105 | 0.0010 | 0.0103 27 26 27 26 | 0.1581 | 0.0112 | 0.1685 0.2154
5 3 5 | 4 101900 | 02107 | 01850 | 0.2005 | 0.1840 | 0.2005 28 27 28 | 27 | 0.0008 | 0.0017 | 0.0232 | 0.0245
6 5 6 | 5 | 00107 | 00110 | 00105 | 0.0105 | 0.0105 | 0.0105 29 28 29 28 | 0.0465 | 0.0521 | 0.1658 0.1726
7 3 7 6 | 00155 | 00150 | 0.0125 | 00145 | 00115 | 0.0133 30 29 30 29 | 0.0057 | 0.0043 | 0.0111 0.0100
g 7 3 7 ] 02070 | 0.2300 | 0.2050 | 0.2225 | 0.2045 | 0.2211 Total | 3.5176 | 3.6283 | 4.7038 4.9765
9 8 9 8 0.0325 | 0.3550 0.0312 0.3525 0.0311 0.3512 R ;
10 8 10 9 0.0310 | 0.0350 0.0210 0.0250 0.0203 0.0245 Active and Reactive power losses
11 10 11 10 0.0322 | 0.0300 0.0252 0.0250 0.0251 0.0245 &
12 11 12 11 0.8202 | 0.8030 0.7552 0.7530 0.7549 | 0.7416
13 12 13 12 0.7010 | 0.7020 0.7010 0.7020 0.7008 0.7025
14 12 14 13 0.0300 | 0.0480 0.0250 0.0475 0.0246 | 0.0463 3]
15 14 15 14 0.0011 | 0.0017 0.0101 0.0115 0.0067 0.0111
16 15 16 15 0.1630 | 0.2550 0.1525 0.2432 0.1417 0.2421 47
17 12 17 16 0.0023 | 0.0036 0.0023 0.0036 0.0021 0.0035
18 17 18 | 17 ] 00173 | 00271 | 0.0173 | 0.0271 | 0.0173 | 0.0271 3 B Max of Mvar
19 18 | 19 | 18 | 0.0013 | 0.0020 | 0.0013 | 0.0020 | 0.0012 | 0.0020 = Max of MW
20 | 19 | 20 | 19 | 0.0040 | 0.0042 | 0.0040 | 0.0042 | 0.0035 | 0.0041 2 |
21 | 20 | 21 | 20 | 0.1170 | 0.1282 | 0.1170 | 0.1282 | 0.1163 | 0.1271
22 | 1 | 22 | 21 | 06401 | 0.2010 | 0.6325 | 0.2120 | 0.6316 | 0.2112 1
23 | 22 | 23 | 22 | 0.0004 | 0.0006 | 0.0004 | 0.0006 | 0.0002 | 0.0004
24 | 23 | 24 | 23 | 06708 | 0.6830 | 0.6645 | 0.6526 | 0.6621 | 0.6415 o
25 24 25 24 | 0.6615 | 0.6340 | 0.6512 0.6234 | 0.6511 | 0.6223 20% 40% 50% B0% 100%
26 | 25 | 26 | 25 | 00320 | 0.0452 | 00315 | 0.0342 | 0.0310 | 0.0332 . . . . . .
27 26 27 1 26 101816 | 02132 | 01712 | 02111 | 0.1711 | 0.2106 Fig. 2.5. Active and reactive power losses at incremental PV integration
28 | 27 | 28 | 27 | 0.0203 | 0.0215 | 0.0203 | 0.0215 | 0.0202 | 0.0214 .
29 | 28 | 29 | 28 | 0.1805 | 0.2005 | 0.1714 | 0.1865 | 0.1682 | 0.1743 Percentage Loss Reduction
30 | 29 | 30 | 29 | 00134 | 0.0115 | 00125 | 0.0114 | 0.0122 | 0.0113 35.00%
Total | 4.9551 | 5.0795 | 4.808 | 50337 | 4.7684 | 4.8720 20.00% .|
' FAN
8 25.00% ,m
Following the simulation for percentage incremental PV ‘E 20.00% V\
. . . . . . 15.00%
integration, at 20% integration the active and reactive power & \ = Max of MW % Loss
. . . . 10.00% Reduction
losses on the Onitsha distribution network was reduced from 5.00% M of Myvar % Loss
5.2542 MW and 5.3803MVar to 4.9551 MW and 5.0795 0.00% Reduction
MVar respectively. This accounts for a 5.69% and 3.24% W F
. . ..,,?.6 & =.Q'<" 6?":" &
reduction on power losses on the base network active and QT AT @& o o
. . s
reactive power losses respectively. G AL R

For 40% integration, the active and reactive losses were
reduced from base value 5.2542MW and 5.3803MVar to
4.808MW and 5.0337MVar respectively. This accounts for
8.49% and 6.44% reduction on power losses. When the PV
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Fig. 2.6. Percentage Loss Reduction at Incremental PV Insertion

Thus, it can be stated that using ETAP which is based on
Netwon Raphson method, the Nwaziki bus and Market bus are
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the optimal locations for PV in the Onitsha distribution
network, while the optimal sizing of PV is at 80% integration.

2.6 Optimal Placement and Sizing of DG Using Conventional
PSO Method

The conventional particle swarm optimization algorithm for
optimum DG placement and sizing in the power system was
implemented using MATLAB software in this work. The size
and position of a three-dimensional DG unit are determined by
generating 50 particles in the old PSO code. In the used PSO
code constants are used to update the velocity of the algorithm
such as inertia weight which has 0.9 and 0.4 as maximum and
minimum value respectively as recommended by [10]. In
addition, c1 and c2 are positive constant used in the algorithm
whereas these constants are assumed to be equal to 2 as
recommended by [11]. Some boundaries are achieved
according to DG capacity, voltage and location of the DG unit.
The capacity of the DG is assumed to be in the range of 1.2 -
10MW. According to the location of the generation load buses
which are located between buses 2 and 29 are considered as a
possible location for the DG unit. A constraint is considered
for the bus voltage magnitude, they should be in the range
from 0.9 up to 1.05 pu.

_sun O

| Generate aninital Swarm |

|
¥

Calculate the objective function for each particle

[ Check constraints | | I=ie1

| N

| Update Py and Gpaar | Update each
l welocity and swarm

e ™ sioppi\n\g._\_\_‘k No
- criteria >

h‘hlsaﬁsﬁec!'?/-/
S~

Yes

Fig. 3.3. PSO flowchart for optimal DG location

2.7 Simulation Results for the Optimal Placement and Sizing
of DG Using Conventional PSO Technique

The conventional Particle swarm optimization (PSO) code
was implemented to place the DG in an appropriate location in
order to minimize system active and reactive power losses.
The DG sizes for each site are randomly initialized as part of
this implementation. PSO being an exhaustive search is
expected to come up with capable solutions that are optimal
DG size for each location. The ideal posture maximizes the
fitness value—which represents the minimum power loss—
together with the best DG sizes and locations. Table 2.6 shows
the fitness losses, DG size and bus number for the iterations
counts. It shows that a DG unit with a size of 5.6722 MW can
be installed at bus number 10 (PP1-bus) which makes the
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voltage magnitude 1.0055 pu. The minimum value of fitness
losses is 0.0406

TABLE 2.6. Simulation Result for the Conventional PSO method

Iteration DO Capacity DG voltage (pu) | DO Location Fltness Losses
Number (MW) (number of bus)
1 14165 0 989 21 0 0498
P 1 8918 10152 / 0.1063
3 13156 1.0076 28 0.0645
U 3344 10179 21 0 0664
5 19281 10127 28 0041
3 39079 10113 3 01163
! 1 4609 10033 19 00801
8 59067 10076 3 03443
9 1.6618 10113 18 0.1431
10 14685 1.0027 i 0.1263
11 1.7772 09819 16 01169
12 28279 09816 27 01247
15 1 6402 10127 et 0 0984
Rl 1472 09815 3 00721
15 3751 09959 1 0.1136
16 1338 0995 3 01302
17 2375 1 004% 22 0 0684
18 12452 09907 24 0.1166
19 16481 10199 13 0.1025
20 1.7583 09801 16 01144
21 ¥ 5081 0 9801 24 01149
22 193567 09913 13 01360
23 15271 0997 o 01247
24 29477 0.9883 21 0.1092
23 1 9894 1.0107 11 01066
26 15073 0 9808 i 01121
27 152051 10076 14 0066
b1 ] 14467 10077 27 0 0697
29 L3607 0 9954 [ 01117
0 XK 0 950K 11 01102
il 1 K768 09815 24 0.105%
32 53653 1.0054_ 1 01135
13 Y 2073 1.0033 13 01127
id 18637 09848 21 01087
35 4 §89] 09920 4 0.0905
6 1 801 1 0046 26 00551
37 15144 09839 i 01041
8 15378 1 0098 18 00730
39 18128 09827 21 0 0648
10 9418 09854 3 01086
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A power flow analysis research is carried out for the
network, taking the newly installed DG unit into
consideration, following the best outcomes from the
traditional PSO optimization approach. As a result of
installing the newly optimized DG unit in the power system,
the total power losses reduced appreciably to 2.860MW, and
3.330 MVAr.

TABLE 2.7. Result for the network status before and after DG installation for
the Conventional PSO method

Before DG installation | After Optimal DG installation
Total active power losses (MW) 52542 2.880
Total reactive power losses(MVar) | 5.3803 3.330
Bus voltage pu 0.9290-1.000 0.9801-1.0055

TABLE 2.8. Comparison of the Conventional PSO with the Base Case using

RVSI
Conventional RSVI
P50

DG Size (MW) 5.6722 5.6800

DG Voltage 1.0055 0.8825

DG Location 10 13

Total active power losses (MW) | 2.860 3.9176

III.  CONCLUSION

For the base case using the RSVI method in determining
the optimal size and location of DG in the Onitsha distribution
network, 80% DG integration was found to have the least
active and reactive power losses of 3.9176MW and
3.6283MVar respectively. However, it could be seen that
implementing the PSO algorithm recorded a more substantial
reduction in the active and reactive power losses to 2.880MW
and 3.330 Mvar respectively when the DG was installed at bus
10. In addition, the PSO technique produced a better voltage
profile. As aresult, when it comes to DG sizing and placement
in a distribution network, the PSO algorithm outperforms the
RSVI technique in terms of voltage stability and power loss
reduction.
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