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ARTICLE INFO ABSTRACT

Article history: This research work has presented the application of distributed

Received 21 May 2021 generation (DG) units in a simultaneous placement approach on IEEE
33 radial test systems for validation of the technique with further

gfcﬁ\rﬁdzg]zaev'se‘j form implementation on 56-Bus Hayin Rigasa feeder. The genetic algorithm

(GA) is employed in obtaining the optimal sizes and load loss sensitivity
index for locations of the DGs for entire active and reactive power loss
Available online reduction. The voltage profile index is computed for each bus of the
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6 July 2021 networks to ascertain the weakest voltage bus of the network before
and after DG and circuit breaker allocation. The simultaneous
placement approach of the DGs is tested with the IEEE 33-bus test
networks and Hayin Rigasa feeder network and the results obtained
are confirmed by comparing with the results gotten from separate DGs
allocation on the networks. For IEEE 33-bus system, the simultaneous

Keywords: allocation of DGs and of optimal sizes 750 kW, 800 kW and at locations

Distributed generation of buses 2 and 6 respectively, lead to a 66.49 % and 68.64 % drop in

Genetic algorithm active and reactive power loss and 3.02 % improvement in voltage

Losses minimization profile. For the 56-bus Hayin Rigasa network in Kaduna distribution

Optimal sizing network, the simultaneous placement of DGs of sizes 1,470 kW and

1490 kW at locations of bus 16 and 23 respectively, lead to a 79.54 %
and 73.98 % drop in active and reactive power loss and 15.94 %
improvement in voltage profile. From results comparison, it is evident
that the allocation of DGs using the combination GA and load loss
sensitivity index, gives an improved performance in relations to power
loss reduction and voltage profile improvements of networks when
compared to without DGs.

Radial network

1. Introduction numbers of consumers near and far, thanks to
_ the rapid growth of the power sector and
Power systems are facing tremendous jndustrial big machinery producing, sending,
issues as demand grows at a rapid rate, but  zpg receiving  electricity. The power
supply remains mainly insufficient, costly, and  gjstribution system is constantly dealing with
unreliable [1]. A few hundred-megawatt rising load demand, which leads to increased
power plants were converted from minor and power consumption and significant voltage
local power generators in order to service vast  grop [1].
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After over a century of human use of
electrical energy, producers of the global
electricity business have embraced the
concept of distributed generation (DG),
attempting to reduce the number of
generating centers and the areas they cover
on the production side. There is a pressing
need to improve the total effectiveness of
power distribution, which has necessitated
power supply companies cutting distribution
losses.

DG in the distribution network offers more
assistances and efficiency for businesses,
electrical customers, and the general public.
DG is a system that uses small-scale
technology to generate electricity close to
users, minimizing line losses, improving
power quality, lowering emissions, and
reducing the size of the distribution and
transmission systems. The application of DGs
for producers and network operators has the
possibility to improve voltage profile, safety
and network reliability, efficiency, and security
for sensitive and large loads in distribution
networks.

Distribution systems (DS) generally consist
of feeders (circuit breakers and lines) and
distributors (Fig. 1). DS design is, preferably,
the process of specifying the most economical
network that will deliver the required
performance goals. Consumers demanding a
much higher amount of power could be
connected directly to the primary distribution
side [2]. Distribution systems distribute power
from main part of the power systems to the
customers. This is done by the distribution
substations  taking power from sub
transmission lines to their injection stations
and step-down voltages to consumer level
(230/415 V) with the help of power
transformers.

Fig. 1 Typical system specifications in DS [2].

Genetic algorithms (GA) are effective,
robust, and optimizing approaches in an
extensive area of search complications and
inspired by Darwin’s principles of survival of
the fittest and natural selection. GA is a
probabilistic algorithm that simulates the
natural selection process of living organisms
in order to arrive at a predicted solution to a
problem [2].

This study presents GA as a whole unit, in
which facts of this developing technology can
be combined to form the structure of a design
tool for manufacturing engineers. GA is used
as an optimization technique toward optimi-
zing the design process whose parameters
relate in a compound style. Individuals
representing diverse possible results are
favorably specific according to the “gene”, i.e.,
characteristics to future generations. Rigasa
feeder emanate from the Rigasa injection sub-
station. The network consists of a single 33/11
kV injection substation, which is being fed
from a 132/33 kV Kaduna Town II Trans-
mission station located at the northern part of
Kaduna State, owned by the Kaduna
Electricity Distribution Company (KEDCO).
The single line diagram of the substation is
shown in Fig. 2 [3]. Rigasa Injection sub-
station has 2x15 MVA, 33/11 kV power
transformers and 4x11 kV feeders. These
comprises 11 kV Hayin Rigasa feeder, 11 kV
Makarfi feeder, 11 kV Sabon-Gari feeder and
11 kV Asikolaye feeder.

The scope of this study, however, is limited
to the 11 kV Hayin Rigasa feeder consisting of
35 buses, with 34 sectionalizing and 1-tie
switch [3]. The present architecture for
electricity generation, transmission and
distribution in Nigeria is controlled by
centralized power plants called the national
grid. The power at these generating stations
is normally combustion (water, natural gas,
oil, and coal) or hydro generated. Centralized
power networks involve transport from the
generating stations, which are located far
from the consumer. Existing substations can
be somewhere, tens to hundreds of meters far
away from the consumers of the power
generated. This needs transmission across the
distance to the consumer. However, the
transmission lines' long structure exposes
them to natural threats like strong winds and
lightning, as well as human faults like
overloaded trucks and vandals etc. The
distance between the lines and the number of
connected buses is the most common causes
of power loss and drop in voltage. Moreover,
the recent trend in Nigeria's deregulated
energy sector, where competition s
introduced at both the generation and
distribution levels, is worth noting. These
difficulties have provided DG requests with a
highly favorable market. Individuals who are
aware of the benefits of owning their own
electricity producing units can do so, and the
excess power created after their needs are
fulfilled can be sold for a profit to everybody.
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Fig. 2 Single line diagram of Rigasa injection substation fed form 132/33 kV Kaduna town II
transmission station [3].

This lowers the cost of investment in the
generation sector for the industry, potentially
lowering electricity prices and improving the
quality of power supply [4]. It's also worth
noting that in the recent past, there was a
drop in "economy of scale" in the electric
energy generation [4]. According to a recent
study [5], the charge per kWh ratio between
large (conventional) and small generating
(DG) units has decreased. This is due to the
fact that fuel conversion, heat control or
insulation, computerization, control, and
thermal engineering are all improving
technologically. Some DGs can be totally
computerized and only need to be brought
offline for maintenance once a year. Many
advantages, as well as the -current
"environment" of the electrical industry,
significantly support the use of DGs.
However, there are a number of issues to
address before allowing large numbers of
dispersed and distributed generators to
operate in power networks. Where would the
DG be put in the network for greatest technical
benefits like as low losses [6], better
reliability, increased loadability, and a
healthier voltage profile, assuming the
adoptions. Apart from these and other
obstacles not mentioned, there are other
issues, such as numerous stability difficulties
associated with DG and the safety of DG, that
must be carefully examined. Because system
stability and protection issues are not part of
this research, just the DG's location in the

distribution network is examined to reduce
total real power losses in the distribution
system and enhance voltage profile.

The demand for power of electrical
distribution network in Nigeria is consistently
rising by the day and the ripple effect causes
the rise in load burden and drop of voltage
profile in other words having low voltage at
the receiving end. The node voltages of
distribution network drop the farther the
distance from the sending (supply) substation
than nodes that are close to the sending
substation.

In large distribution networks, to locate best
place or places for optimal placement of DG
for voltage profile improvement has always
remained challenging as wrong location and
sizing may lead to increase in power losses
and overvoltage in some cases. In most
situations, the approaches involved for
locating and sizing DG units in distribution
system are either logical method or
experimental, which are computationally
thorough and optimization methods takes
longer time and are characterized by slow
convergence of load flow mostly when used for
complex system analysis, some outcomes
may be bad or poor not because the data is
noisy or the used learning algorithm is weak,
but as a result of weak selection of the
parameters values.

This study aims to improve on the DG
placement through optimization technique
using GA as the optimization technique tends
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to offer a reduced time consumption and
faster convergence of load flow analysis.

2. Review of Related Literature

According to a study by Rani and Davi [7],
who used the precise loss formula approach to
calculate the ideal position and amount of DG
on an IEEE 33-bus network, the methodology
showed that the results was able to lessen
power losses while also the voltage profile of
the network was improved. However, the
reviewed study used the exact loss formula
approach in location and siting the DG on IEEE
33-bus network, which was not tested on an
existing network, so it can’t be said how
effective it is.

A new algorithm based on the economic
dispatch approach has been created [8]. The
algorithm was used to find the best size and
location for the DGs in the distribution system.
If the DGs are in a competitive market in Iran,
the algorithm additionally considered the cost
of power and the available rating (sizes).
Three separate test distribution networks of
various sizes were utilized to demonstrate the
technique (6 buses, 18 buses, and 30 buses).

According to Khosravi [9], in ideal siting of
DGs sources for loss reduction and voltage
profile improvement in power distribution
systems with GAs, an optimal location
accepted by the DGs in a radial distribution
network was proposed, and optimization
parameters for DG loss reduction and voltage
profile improvement were found to be
trustworthy. GA used real codes and a
backward-forward power-flow approach based
on the distribution system to tackle the
problem. The MATLAB programming tools,
and the IEEE 20-bus system were used to
investigate and design all of the cases. Lastly,
the losses with and without DG in the network
were displayed, demonstrating that the task
was completed correctly. The evaluated study,
on the other hand, focused on the IEEE 20-
bus network. The current research consists of
a single 33/11 kV injection sub-station that is
fed from KEDCO 132/33 kV Kaduna town II
transmission station, which is located in the
northern section of Kaduna state. However,
this research used a network with more nodes
and higher system losses.

A decision-making method for the optimal
size and positioning of DG units in distribution
systems was created by Vita [10]. It provides
a decision-making technique for determining
the appropriate size and placement of DGs in
distribution systems. The algorithm can select
the ideal placement for a DG unit (of any type)

and estimate the best DG size to be installed
for improving voltage profiles and minimizing
losses in the network's total real and reactive
power, and it is very flexible to changes. The
IEEE 33-bus radial distribution system was
used to confirm the methodology. The
resulting findings were compared to those
obtained in prior experiments, demonstrating
that the decision-making algorithm performs
better with tolerable precision. Despite Vita’'s
[10] outstanding performance in their
research, the majority of the decision-making
algorithm was focused on just the placement
of DG, and several alterations and alterations
were evaluated for the best site for a DG unit
(of any type). However, it takes a long time to
compute.

Abubakar et al. [11], focused on the appro-
priate placement and scale of DG in a 43-bus
distribution network for voltage enhancement
in his research. In 11 kV Dikko feeder, Abuja
Electricity Distribution Company, Suleja,
Nigeria Distribution System, power losses are
linked to voltage variation, with an objective
function that determines current percentage
losses. Buses with a low voltage profile in the
system without DG installation were found,
and the best sizing and positioning of DGs was
calculated, allowing losses to be controlled
and power quality to be improved. For power
flow analysis, Electrical transient analyzer
program (ETAP) version 12.6 was utilized to
generate a critical based scenario. The
system's total load was taken into account.
The addition of DGs to the case study has a
substantial impact on the system's loss
reduction. The ideal placement and size of the
DG in the network were determined using GA
Optimization methods built in MATLAB 2015
software. However, extracting of the load flow
data to the MATLAB increases the computat-
ional time and reduces its accuracy.

Molaei et al. [12], used a GA to position and
size DG units, and capacitor banks in radial
distribution networks. On the IEEE -33 radial
test bus, a capacitor bank and DG units were
put in order to achieve the best real power
losses, which the results were positive in
terms of achieving the network's real power
loss reduction target. However, the algorithm
often converges prematurely into local
optima, and the work was only validated using
a medium-sized network.

Reza and Mehdi [13], presented the
optimum positioning of DGs and capacitors in
distribution networks using Binary particle
swarm optimization (BPSO) for loss reduction,
efficiency, and voltage increase. The work
included a multi-objective feature that
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comprised a reliability index, an active power
loss index, an investment cost index for DGs
and capacitors, and a voltage profile index.
The proposed work's efficacy was tested on
IEEE 10 and 33 bus systems, with comparison
tests performed before and after the
installation of DGs and capacitors. BPSO, on
the other hand, is prone to being stuck in local
optima and thus converge prematurely to a
suboptimal result. Validation was also
restricted to medium-sized test networks.

Sadeghmanesh et al. [14], proposed the
placement of DG units and capacitors for
multi-objective optimization using genetic
algorithm. Loss reduction, voltage profile
enhancement, and increased usable transfer
capacity were all part of the multi-objective
feature. When compared to the results of Reza
and Mehdi [13], validation was performed on
IEEE 41, and simulation results from the work
showed better results (for loss reduction and
voltage profile improvement), when working
with the algorithm. However, before seeing
decent results, you'll need a large population
and a number of generations, as well as a lot
of simulation, you'll also have to wait days for
a solution. Furthermore, since no index was
used to determine voltage stability, the work
did not resolve issues of voltage instability
that may arise as a result of increased loads
on a network.

Tan and Hassan [15], proposed a novel
cuckoo search algorithm for optimal location
and sizing of distributed generation. The
research was focused on a multi-objective
feature that comprised minimizing real power
loss, improving voltage profiles, and
increasing voltage stability margin. Two case
studies on the IEEE 69 radial test bus were
used to validate the system. The power factor
of a single DG, on the other hand, is a property
of the load, not the DG. Since most loads are
inductive and use reactive power that is
lagging, a single DG may be unable to satisfy

the sudden and incremental demand for
reactive power compensation (leading
reactive power) to offset the impact of

inductive loads and increase the load power
factor. Furthermore, the DG sizes used
violated the power balance criterion since they
were larger than the network loads.

Attia et al. [16], presented a cuckoo search-
based algorithm for optimal static shunt
capacitors allocation in radial distribution
networks. The study's objective feature was
changed to reduce system peak losses, help
system voltage profiles, and increase overall
system power factor and make a final decision

for the best location based on the number of
buses nominated, the number of successful
sites, and the number of injected VARs. IEEE
33- and 69-bus radial distribution systems
were used for testing. However, the study only
looked at one time with the highest peak
losses and ignored the impact of overall
average peak losses, and such will not give a

true reflection of loss reduction in the
networks.
Aman et al. [17], presented optimum

simultaneous DG and shunt capacitor bank
placement and sizing using particle swarm
optimization on the basis of minimization of
power system losses. Both methods were
combined in the research to achieve overall
low power losses and improved voltage
control. IEEE 12-bus, 30-bus, 33-bus, and 69-
bus radial distribution systems were tested.
Since the costs of DG units and capacitor
banks change over time, the approach was
characterized by several assumptions about
the forms, costs, and sizes of DGs and
capacitor banks. Premature convergence to
local optima is also a function of the
optimization technique used.

Reddy and Gunaprasad [18], presented a
sensitivity-based capacitor placement appr-
oach wusing cuckoo search algorithm for
maximum annual savings. The research used
a two-stage method to decide the best
position and size of capacitors on radial
distribution systems in order to boost the
voltage profile and minimize active power
loss. The loss sensitivity was calculated for
each bus in the network, and the buses are
rated in descending order of their values, with
the buses with the highest numerical value
being considered for capacitor placement. The
cuckoo search algorithm was proposed to find
the optimal capacitor sizes. The work was
validated using IEEE 15, 34, and 69 bus radial
distribution systems, and the results showed
a reduction in total power loss after the
capacitors were mounted. The use of loss
sensitivity analysis, on the other hand, avoids
a complete analysis of the buses in the
networks, and consistency is presumed for the
buses that are ignored. This assumption is
sometimes impractical, which limits its use in
online scenarios.

Yuvaraj [19] presented an effective method
for solving the optimal siting and sizing
problem of capacitor banks based on cuckoo
search algorithm. The objective function of the
study was formulated to minimize power loss
and the enhancement of voltage profile and
system stability. The voltage stability index
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(VSI) was used to decide where the capacitors
should be placed. To decide the best capacitor
size, the cuckoo search algorithm was
proposed. On IEEE 34 and 69 radial
distribution systems with various load factors,
the feasibility of the proposed method was
checked. However, using VSI to determine the
best position for the capacitors is a time-
consuming and possibly inaccurate process.

3. Materials and Methods

The methodology adopted in carrying out
this research work follows the sequence:
definition of the state system model and
carrying out load flow analysis to attain the
steady-state base case parameters for bus
voltages and line losses; thereafter, to identify
the buses with low voltage profile. For each
test DG, connect DG at given bus with very
highest sensitivity index, carry out load flow
analysis and the results are stored for each
scenario. Reiterate the previous step for the
next bus in the order of the bus with the next
highest sensitivity index. Sort all load flow
state outcomes for all DGs inserted at all
buses according to minimum line losses or

25

line diagram of the network of interest is
presented.

The loss of power for line unit between
buses k and k+1 can be computed as follows:

k(Pk2+Qk2)

R

Ploss(k!k + 1) = sz (1)
Xi(Pr2+Q1%

Qloss(k,k + 1) = % (2)

Where, Rk () is the resistance at node ‘k’, Xk
(Q) is the reactance at node ‘k’, P« (kW) is the
real power that is emanating from the bus, Q«
(kW) is the reactive power that is emanating
from of the bus, and Vi« (kV) is the voltage at
node ‘k’.

Equations (1) and (2) give the losses of real
power and reactive power in line section
between buses k and k+1. Now the total real
power loss and total reactive loss can be
calculated by summing the losses of every
section of the feeder. Hence, the value of total
real and reactive power loss in section of line
between k and k+1 can be expressed as
equations (3) and (4), respectively.
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For the convergence analysis of iterative
processes, the backward-forward method has
been reformulated to perform load flow
analysis. Consider a branch between nodes ‘k’
and ‘k+1’, and calculate effective power flows
via backward propagation. The following
equations are the effective real and reactive
powers:

Rk(Pk+1Z + Qk+12)

PkZP’k+1+ Vo2 (5)
k+1
, Xie(Pr+1? + Qra1®
Qk = Q41 + % (6)
P'ys1 = Peyr + Prgiq (7)
Q'k1 = Qus1 + Quis1 (8)

Where, Px+1is effective real power from ‘k+1’
node, and Q«+: is effective reactive power
from ‘k+1’ node.

Forward propagation evaluates the voltage
values and voltage angles at each node. Let Vk
be the voltage at node 'k’ and Vk+1<dk+1 be the
voltage at node ‘k+1' k+1’. The current
flowing through this section with the
impedance (z, =r, +jx,) between ‘k' and
‘k+1" is given as [20]:

Vie<Sk—Vi+1<Ok+1

=" e )

To find the values of voltage and the voltage
angle at all nodes the recursive equations are
used. Primarily assume 1.0 p. u. voltage at all
node. A detailed power flow calculation
operation is given by the backward-forward
algorithm. The pseudo-code used in develop-
ing the algorithm for running the base case
load flow analysis for the distribution systems
are presented as [21]:

Step 1: Read the distribution system's bus
and line data, as well as the base
MVA and base kV.

Step 2: Calculate the active and reactive
power injected at each node as
equations (10) and (11),
respectively.

Step 3: Set k=1, the iteration count.

Step 4: For convergence criterion set € =
0.001, APmax= 0.0 and AQmax = 0.0.

Step 5: Evaluate the value of nodal current
injection at node ‘i’ as equation
(12).

Step 6: Apply backward sweep and calcu-
late the branch current using KCL.

Step 7: Forward sweep is applied to calcu-
late the voltage at each node using
KVL.

Step 8: Now, calculate the power injection
at node ‘i’ as equation (13).

Step 9: Check convergence, if APmax < € and
AQmax < €, then, go to step 11; else,
step 10.

Step 10: Then set k = k+1 and go to step 4.

Step 11: In 'k’ iteration, print that problem
is converged.

Step 12: Stop.

(10)
(11)

Pinj = Pgen = Pioaa

Qinj = Qgen = Qoaa

Ij(k) _ ( Si )x v ¥ fori=12,..,n (12)

(k-1)
Vi

§80 = Vi) x v |v¥|’ (13)

The most suitable sites for DG components
are determined by evaluating the sensitivity
factors of nodes in the network based on loss
reduction. This procedure will aid in narrowing
the search space for the optimization process.
Based on the minimization of losses, this
strategy seeks to determine optimal areas for
DG sitting. The factor is named loss sensitivity
factor (LSF) since it is the derivative of power
loss with respect to bus load, and it can be
represented as [22]:

LSF (l) _ (APyoss) _ Ploss(i)_Pl%ss

AP(i) P (D)

(14)

Where, APioss is change in losses in the bus
(kW), APy is change in power at bus ‘i’ (kW),
Pioss(i) is losses after DG placement (kW), PPloss
is initial power losses (kW), Pi"yg(i) is DG size
increase of bus ‘i’ (kW).

From equation (14), the LSFs of all buses
are calculated, arranged in according to their
positions order and displayed in a graph to
show nodes with the highest loss sensitivity
index (LSI). The nodes with the highest LSI
determine the priority of buses to be
considered as DG sites. The system losses are
decreased if the LSF value is precisely
negative; otherwise, the DG integration
increases system losses. As a result, the buses
with the highest LSF values are chosen for DG
placement. The size of the DG can then be
estimated using GA after the candidate buses
have been picked. DG units are used to inject
both active and reactive power, with only the
reactive power being absorbed. They can
boost voltage magnitude for a variety of
power factors. The voltage performance index
(VPI), which is computed using equation (15),
is used to determine which buses are system
sensitive [23].
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)2
vpr® =y i[O (15)
J=12n [avtim
and
AVj(i)ZVj(i)_leim (16)

Where, N is the number of system buses, W;
is the weighing factor of bus j, 2n is the perfor-
mance index order, V;{ is the voltage at bus j
with increment change in DG capacity at /t
bus, and Vj'™ is the voltage at bus j (kV)

If the voltage magnitude of all buses is
within its acceptable range, the VPI value is
lower, whereas it is higher in the opposite
scenario. This method chooses the best DG
locations to keep the voltage close to its
nominal value. Based on voltage magnitude
improvement, the ideal location for a DG unit
is on a bus with a higher VPI value. By
considering the types of DG units, the DG
units in this work are modeled such as to
provide active power injections. The active
and reactive power supplied from the DG units
to the i" bus is modeled as follows [24]:

Py = Ppgi — Py (17)
Q; = Qcapi — Qui (18)

Where, Ppaiis the real power of the DG at bus
i’ (kW), Pui is the real power of the load at bus
‘i’ (kW), Qoai is the reactive power of the DG
at bus ‘i’ (kW), and Qu is the reactive power
of the load at bus ‘i’ (kW).

Fig. 4 shows the DG on a distribution
network, where, V, and ¥, are the respective
sending and receiving end voltages, R;; and
jX;; are the respective resistance and
reactance at node /i and j whereas the
flowchart of the GA approach for optimal
placement of the DG is shown in Fig. 5.

Sending End

4. Results and Discussion

4.1. IEEE 33-Bus System

Initially, load flow was run on the 33-bus
system to obtain the total power loss, loss
sensitivity index and voltage at each bus. This
is the base case voltage, loss sensitivity index
and power loss (active and reactive) of the
system before the integration of the DG units
into the system. The base case real and
reactive power loss was found to be 275 kW
and 176 kVAr respectively. The base case
voltage and loss sensitivity index for each bus
for 33 bus system is presented in Figs. 6 - 8.

Fig. 6 shows the voltage profile of the
network after load flow analysis has been
carried out on the 33-bus network. The bus
voltage was observed to be as low as 0.865
per unit at bus 18, which is the weakest bus,
i.e., the point with the maximum voltage
drops in the network. Figs. 7 — 8 show the real
and reactive power on the 33-bus system with
the use of load loss sensitivity index to identify
the buses with the highest losses in the
system. The real power loss is very high at bus
2 and bus 6, which are as high as 0.357 and
0.34.

The GA based approach was used for the
optimal allocation of 2 DG units for the 33-bus
system and the sizes and locations of the DGs
were found to be 750 kW at bus 2 and 800 kW
at bus 6 respectively. The total real and
reactive power loss after DG allocation was
relatively reduced to 182.85 kW and 120.82
kVAr respectively, which indicate 33.51 % and
31.35 % reduction as compared to the base
case real and reactive power loss. The real
power loss, voltage and loss sensitivity index
for each bus for 33-bus system is presented in
Figs. 9 — 11, respectively.

Receiving End

Fig. 4 Distribution system with DG unit installation at any bus.
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Data from the distribution system is read, and GA parameters,
maximum generations, and population size are defined

v

The initial population is generated
at random.

v

Gen=1

v

Decode the initial population to update the distribution system data, and
find the DG position and size for each chromosome.

v

To evaluate the Objective Function and each Chromosome
Fitness Function, run the Load Flow.

il
Y

Apply Crossover and Mutation to generate an
Offspring's Set from the current population.

v

Decode the Offspring's Set to find the DG Position and
Size for each Chromosome.

v

To evaluate the Objective Function and each
Chromosome Fitness Function, run the Load Flow.

v

Choosing a few of the best chromosomes ( ) from the
present population and Offspring's Set

Gen=Gen+1

NO

Converged?

The optimal solution is provided by the
best chromosome from the current
population.

Fig. 5 Basic genetic algorithm approach for optimal placement of DG.
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Fig. 6 Voltage profile of the 33-bus 11 kV network without DG.

0.86

0.4¢ T T T T T T

1

0.35

0.3 .

]
1

0.25

0.15

1

SENSITIVITY INDEX
o
(N
I
1

0.1 .

0.05 [~ 4

0 5 10 15 20 25 30 35
BUS NUMBER

Fig. 7 Real power sensitivity index of the 33-bus 11 kV network without DG.
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Fig. 8 Reactive power sensitivity index for a 33-bus 11 kV network without DG.
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Fig. 9 Voltage profile of the 33-Bus 11 kV network with DG.

Fig. 9 shows that the allocation of the DG
units has caused an improvement in the
voltage profile of the 33-bus network. The bus
with the lowest voltage which is bus 18 had its
voltage increased from 0.865 to 0.892 per unit
voltage after load flow analysis was repeated.
Figs. 10 - 11, show the reduction in the losses
in the 33-bus network when the load loss
sensitivity index (LLSI) was repeated after the
placement of DGs. It was observed before the
placement of DGs, the real power losses were

very high at bus 2 and bus 6, which were as
high as 0.357 and 0.34. But after the
placement of DGs in the 33-bus network, the
real power losses were reduced to 0.28 and
0.24, respectively. The reactive power, which
was at 0.25 have reduced to 0.167.

The result was compared to results from the
base case and with DGs allocation on the 33-
bus system to observe if there was an
improvement and the result is summarized in
Table 1.
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Fig. 10 Real power sensitivity index of the 33-bus 11 kV network with DG
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Fig. 11 Reactive power sensitivity index for a 33-bus 11 kV network with DG.
Table 1 Summary of result for 33-bus 11 kV system.

31

Particulars Base Case With DGs
PL (active) 275 kW 182.85 kW
Q. (reactive) 176 kVAr 120.82 kVAr
% P, (= 100 x (B — E)/B) 33.51 %
% Q. (=100 x (B — E)/B) 31.35 %
%VPI (= 100 x (B — E)/B) 3.02 %

Where, B is the base case results whereas E is the result obtained after DG placement.
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4.2. Hayin Rigasa 56-Bus System

The bus and line data for the Hayin Rigasa
56-bus feeder as shown Fig. 3 were used in
modeling the system, and the base case
voltage for each bus were noted. The genetic
algorithm described in section 3 (Fig. 5) was
used in obtaining the optimal DG siting and
sizing for the 56-bus network. The bus
voltages, total power loss (real and reactive),
voltage profile and loss sensitivity index
before and after DG placements were noted
for comparison. Initially, load flow was run on
the 56-bus system to get the voltage profile

at each bus and the total power loss using loss
sensitivity index. This is the base case voltage
profile and Load loss sensitivity index (active
and reactive) of the system before the
integration of the DG units into the system.
The base case voltages and loss sensitivity
index for each bus for 56-bus 11 kV Hayin
Rigasa network is presented in Figs. 12 - 14.

Fig. 12 shows the voltage profile after the
load flow study has been conducted without
DG. The bus voltage was observed to be as
low as 0.828 per unit at bus 34, which is the
weakest bus indicating the bus with the
highest voltage drop.
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Fig. 12 Voltage profile of the 56-bus 11 kV Hayin Rigasa network without DG.
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Fig. 13 Real power sensitivity index of 56-bus 11 kV Hayin Rigasa network without DG.
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Fig. 14 Reactive power sensitivity index of 56-bus 11kV Hayin Rigasa network without DG.

Figs. 13 and 14 show the LLSI, it is
observed that the base case with the most real
and reactive power loss was found to be
437.27 kW and 388.44 kVAr respectively at
bus 16. The GA based approach was applied
for the best allocation of 2 DG units for the 56
bus Rigasa network and the sizes and
locations of the DGs were found to be
1,490KW at bus 16 and 1,470 KW at bus 23
respectively. The real and reactive power loss

summation after DG allocation was relatively
reduced to 89.48 kW and 101.08 kVAr
respectively, which indicate 79.54 % and
73.98 % actual and reactive power losses are
reduced when compared to the base situation.
The real and reactive power loss, voltage and
loss sensitivity index for each bus for 33-bus
system is presented in Figs. 15 to 17,
respectively.
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Fig. 15 Voltage profile for the 56-bus 11 kV Hayin Rigasa network with and without DG.
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Fig. 16 Real power sensitivity index of 56-Bus 11 kV Hayin Rigasa network with DG.
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Fig. 17 Reactive power sensitivity index of 56-bus 11 kV Hayin Rigasa network with DG.

Fig. 15 shows that the allocation of the DG
units has caused an improvement in the
voltage profile for the Hayin Rigasa 56-bus
network. The bus with the lowest voltage,
which is bus 34 had its voltage increased from
0.828 to 0.96 per unit voltage.

Figs. 16 - 17 show the LLSI after the
location of DGs. The losses at the real power
are very high at bus 16 and bus 23 (as high

as 0.89 and 0.55) are reduced to 0.457 and
0.29 respectively. The reactive power loss at
bus 1 and bus 16, which was at 0.89 and 0.6
have reduced to 0.26 and 0.33 respectively.
The result was compared to results from the
base case and 2 DGs allocation on the Hayin
Rigasa 56-bus network and the result is
summarized in Table 2.
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Table 2 Summary of result for 11 kV Hayin Rigasa 56-bus system.

Particulars Base Case Two DGs
P (active) 437.27 kKW 89.48 kW

Q. (reactive) 101.08 kVAr 388.44 kVAr
% P, (=100 x (B — E)/B) 79.54 %
% Q. (= 100 x (B —E)/B) 73.98 %
%VPI (= 100 x (B — E)/B) 15.94 %

Where, B is the base case results whereas E is the result obtained after DG placement.

From results comparison, it is clearly seen
that the simultaneous placement of the best
combination of DG units with bus 16 at Dogara
da Allah 300 kVA sub-station and bus 23 at
Councilor 300 kVA sub-station, gave a better
performance to that obtained from the
separate placements of the DG units, in terms
of reduced power loss and improved voltage
profile.

5. Conclusion

The task of DG location is a challenging one
that necessitates the optimization of several
objectives such as total power losses
minimization, voltage variations, line loading,
installation costs, and system stability
maximization, among others. The voltages of
distribution network nodes drop at a greater
distance from the substation than they do at
close nodes. When compared to transmission
systems, distribution networks have a high
X/R ratio, resulting in significant power losses
and voltage reductions. In this work, loss
sensitivity index was used to locate places
with very high losses in the network and
genetic algorithm was used as a tool of
optimization to know the sizing of the DG to
be put in place to enhance the voltage profile
and keep as low as possible the overall system
losses. For good understanding and broad
approach to this research, a review of existing
literature on optimization tools and various
techniques for siting these DG was discussed.
Furthermore, literatures on dynamic
simulation and GA were discussed. The
mathematical exact models of the power
systems components were painstakingly
formulated to achieve accurate simulation
results. After wide consultations a number of
software were procured through which
enormous work was done to optimally site the
DG. A study was done on a 33-bus system to
ensure the efficiency of the optimization tool,
then the work was carried out on Hayin Rigasa
56-bus network, which is located in Kaduna
under KEDCO.
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