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NETWORK PROTECTION SYSTEM

Abstract

Distributed generation (DG) entails the integration of small-scale generators
into the distribution level of power systems. While DG deployment enhances
distribution network performance, it also presents challenges to protection
systems. This study analyzes the impact of DG integration on the protection
scheme of a radial distribution grid. The Dingo Optimization Algorithm (DOA)
was implemented in MATLAB to determine the optimal placement and size of
DG units aimed at minimizing active and reactive power losses and improving
voltage profiles. The optimized network configuration obtained from MATLAB
was then modeled in ETAP for detailed protection analysis to assess the
influence of DG on overcurrent relay coordination. The base-case load flow
revealed active and reactive power losses of 202.71 kW and 23.56 kVAr,
respectively, which were reduced by 61.21 % and 57.6 % after optimal DG
integration. The results show that while DG integration enhances voltage
stability and minimizes technical losses, it also increases short-circuit current
levels, thereby affecting relay operating times. In conclusion, adaptive
protection coordination is essential to maintain system reliability in DG-
integrated distribution networks.

1.0 INTRODUCTION

Distribution networks, the final subsection of the
power system, face numerous challenges that
compromise their operational effectiveness [1, 2].
Addressing these challenges is essential for enhancing
the overall grid efficiency. Consequently,
considerable efforts have been directed towards
improving distribution networks through the
implementation of various techniques [3, 4].
Technical and line losses constitute major challenges
in power networks, particularly within transmission
and distribution lines. These losses not only waste
NCND lieonse significant amounts of generated energy but also lead
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to voltage drops, overheating of conductors, and
reduced equipment lifespan [5]. In Nigeria and similar
developing power systems, technical losses account
for a substantial portion of total energy loss, often
exceeding 20% of generated power. Such
inefficiencies contribute to frequent voltage
instability, poor power quality, and reduced system
reliability [6]. Addressing these problems is therefore
critical to ensuring efficient power delivery and
maintaining system performance.

The predominant focus of these techniques lies in
diminishing power losses and boosting network’s
voltage profile. Common approaches include
capacitor installations, deployment of Distribution
Flexible Alternating Current Transmission System
(DFACTS) controllers, and integration of Distribution
Generation (DG) units [7, 8, 9]. While capacitor
installations are the most cost-effective method, their
impact on network performance is primarily limited to
reactive power injection [10]. Moreover, in situations
of excess reactive power, capacitor installations
exacerbate the issue without providing a
comprehensive solution.

In addressing the limitations of capacitor installations,
DFACTS devices have emerged as a solution,
leveraging advancements in power electronics. These
controllers can supply and absorb reactive power as
needed by the network. However, their effectiveness
is hindered in certain scenarios due to their inability to
inject active power [11].

Further advancements in the field led to the DG's
penetration into distribution networks. Unlike
DFACTS devices, DG units have the unique
capability to inject active power, offering a more
comprehensive solution to network challenges.
Integrating them offers multiple advantages, such as
lowering power losses, boosting voltage stability, and
increasing the overall effectiveness of the distribution
grid [12, 13].

Despite the advantages, integrating DG units alters the
short-circuit current levels, leading to potential issues
with the protection system. The parameter settings of
overcurrent relays are compromised, jeopardizing the
network's security and integrity [14-16].

In distribution grids, determining the DG placement
and size presents an optimization challenge
necessitating a robust solution technique. Poorly
positioned or sized DG units can significantly reduce
network efficiency [17]. Therefore, achieving optimal
placement and sizing is essential to enhance network
performance. Various optimization techniques have
been developed and documented in the literature for
this purpose.

O, .
© 2025 by the author(s). Licensee NIJOTECH.
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Ang and Leeton [18] utilized the Newton Raphson
power flow method to reduce total real loss in a
distribution grid. They introduced the Fast Voltage
Stability Index (FVSI) and Whale Optimization
Algorithm (WOA), inspired by humpback whale
hunting behavior, to optimize DG placement.
Evaluation on 15- and 33-bus grids across varying DG
contributions demonstrated the strategy's efficacy.
However, the study achieved only near-optimal
solutions for DG location and capacity.

Mirsaeidi ef al. [19] introduced a Genetic Algorithm
(GA) to optimize DG placements and capacities,
reducing active and reactive losses. Simulation on
IEEE 30- and 118-bus networks showed notable loss
reductions and voltage improvements. However, the
study's evaluation only compared the GA with one
other method, raising questions about its broader
effectiveness.

Tan et al. [20] introduced an objective function that
takes into account power losses, voltage profile, and
environmental emissions, advocating for the Swarm
Moth Flame Optimization algorithm. This algorithm
aims to optimize the objective function and meet
specified criteria, evaluated using the IEEE 33-bus
system. Despite promising results, further
enhancements are needed to accurately pinpoint the
optimal DG location.

Roy et al. [21] utilized Multi Verse Optimization
(MVO), anovel bio-inspired technique, to address DG
placement challenges. The study implemented the
MVO algorithm on a 33-bus distribution system,
comparing its findings with existing literature.
However, the study identified a convergence issue
with MVO, limiting its effectiveness in reaching
optimal solutions.

Prakash et al. [22] developed a strategy to optimally
allocate DGs considering various load levels,
including peak demand. Their aim was to reduce
network total loss by determining the optimal DG
allocations based on peak loss-saving criteria. Unlike
alternative methods, this approach simplified
computational demands, requiring only a base-case
power flow solution. Evaluation on IEEE 33- and 69-
bus grids demonstrated its effectiveness in reducing
overall system energy losses, albeit with some
limitations due to approximations in size and location
optimization.

Wankhede et al. [23] introduced a genetic algorithm
(GA) method to optimize DG location and capacity in
distribution grids, aiming to reduce active losses and
boost voltage magnitudes. Their approach
simultaneously determines optimal locations and
capacities for DGs, offering a comprehensive
solution. However, its applicability is limited to 12-
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bus distribution networks due to concerns about
premature convergence when applied to larger
systems.
Nageswari et al. [24] introduced the Chaotic Artificial
Flora Optimization based on Optimal Placement and
Sizing of DGs algorithm, integrating chaos theory into
the AFO algorithm to enhance global optimization.
The algorithm's fitness function addresses voltage
regulation, loss reduction, and penalty costs.
Experimental findings on IEEE 33- and 69-bus grids
demonstrate the model's potential in reducing loss and
improving voltage profiles, albeit its complexity and
iteration requirements.
Radosavljevi¢ et al. [25] tackled the challenge of
strategic location and sizing of renewable DG (RDG)
using a hybrid metaheuristic algorithm combining
phasor PSO and GSA. The aim was to minimize
energy loss while maximizing RDG owner profit,
considering RDG's stochastic nature through
probabilistic models. Tested on an IEEE 69-bus
system, the algorithm outperformed other
metaheuristics but exhibited complexity, slow
convergence, and time-consuming processes.

The existing literature reveals shortcomings in current

methods for optimally placing and sizing DG units.

Many of these methods lack efficiency and overlook

the crucial aspect of assessing the detrimental impact

on the protection scheme of radial distribution
systems. Neglecting this aspect is concerning, given
the protection system's essential role in the power
system. Therefore, this study aims to address these
gaps by utilizing a novel approach—the Dingo
Optimization Algorithm (DOA)—to optimize the
placement and capacity of DG units in a distribution
grid. Furthermore, it seeks to analyze and assess the
adverse effects of optimized DG units on the
protection scheme, specifically focusing on the impact
on fault currents, time multiplier settings (TMSs) of
relays, and relay operating times. The DOA
implementation was carried out utilizing MATLAB
and validated on the IEEE 33-bus, a standard test grid.

For the protection studies, the test network was

modeled and simulated using ETAP 19.

The contributions of this research include:

e Providing a novel approach using the DOA for the
strategic position and sizing of DG units in
distribution grids.

e Conducting a comprehensive analysis of the
adverse effects of optimized DG units on the
protection scheme, considering TMSs, PMSs of
relays, and relay operating times.

e Utilizing industry-standard tools (MATLAB and
ETAP) for simulation and analysis, ensuring the
validity and applicability of the findings.

S ? © 2025 by the author(s). Licensee NIJOTECH.
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The DOA was selected for this study because of its
fast convergence rate and balanced exploration—
exploitation characteristics, which make it effective
for nonlinear optimization problems such as DG
allocation. MATLAB was used to perform the load
flow analysis and to implement the DOA for
determining the optimal DG locations and capacities
that minimize active and reactive power losses while
improving the voltage profile. The IEEE 33-bus test
network was used as a benchmark to validate the
accuracy of the proposed optimization framework.

To analyze the impact of DG integration on protection
coordination, the optimized DG configuration
obtained from MATLAB was exported to ETAP,
where fault and relay coordination studies were
carried out. Thus, MATLAB handled the optimization
and load flow analysis, while ETAP was used solely
for the protection study. This sequential approach
ensured methodological consistency and avoided
duplication of power flow results.

2.0 METHODOLOGY

2.1 Problem Formulation

The integration of DG units into distribution grids
primarily aims to reduce total active power losses and
enhance voltage profiles. Accordingly, the
optimization problem formulated in this study seeks to
minimize the overall active power loss across all
branches of the system, expressed as the objective
function (OF) in Eq. (1) [18, 19].

oF, =S|I R (1)

where, n;, = total branch, R; = i" branch resistance and
|I] = magnitude of the current in the i branch.

The objective function was subject to the equality and
inequality constraints as follows:

2.1.1 Power flow balance and generation

Egs. (2) and (3) depict the fundamental elements
governing the grid's active and reactive power flows.
Eq. (2) describes the dynamic aspect of active power
flow, while Eq. (3) quantifies reactive power flow.

P.=P, +i|ViHVj‘[Gﬁ cos g, + B, sin Q/] (2)
j=1

0y =00+ SV, 5in6, - B, cos6,]
j=1

where V; and V; = bus voltages, Pg; and Pp; = active
power generated and demanded, Qg and QOp; =
reactive power generated and demanded, and G;; and
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B; = branch
respectively.

conductance and susceptance,

2.1.2 Parameter Limitations

Voltage limits: Eq. (4) delineates the voltage
thresholds, specifying the precise range for voltage
operation.

Viw SV, SV, )

min max
where Vi, and Vipee = minimum and maximum

voltage magnitudes

Distributed generation limits: For DG units to work
best, they need to stay within certain operational limits
outlined in Eq. (5).

DG, <DG< DG(max) (5)

(min) —

2.2 Dingo Optimization Algorithm

The DOA algorithm is inspired by the cleverness and
social structure of dingoes, known for living in packs
led by an Alpha. Scouts monitor surroundings, and the
pack hunts with coordinated actions. DOA mimics
this to optimize resource allocation, showing
adaptability in solving optimization problems like
power systems. This approach introduces a unique
dimension to optimization algorithms [26].

2.3 Dingo Optimization
Mathematical Model

The DOA algorithm is based on a mathematical model
that mimics the circling, hunting, attacking, and
searching behaviors exhibited by animals such as
dingoes. This approach enables the algorithm to
emulate the flexible and effective hunting strategies
exhibited by dingoes Incorporating these behaviors
enhances the DOA algorithm's capability and
efficiency in addressing optimization challenges
across various domains.

Algorithm

2.3.1 Encircling
Dingoes' encircling behavior, which includes pack
members' strategic positioning and coordination, is
represented by mathematical Equations (6)—(10)
proposed by [26].

D. = ‘?LT),, (x)— P(x) 6)
P(i+1)=P, (i)—B-D(d) (7)
where, A=2. a, (8)
B=2b-d,—b )
10SIO)

e © 2025 by the author(s). Licensee NIJOTECH.
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where,

st—(l*(]in (10)

where, D. = distance between the dingo and prey, P,

, P = prey and dingo position vectors, A and B=
coefficient vectors, a, and @,=random vectors in [0,

1], b = variable that decreases linearly from 3 — 0, [ =
1,2,3,..., Dnax-

These equations model how dingoes encircle prey and
cooperate. They help simulate and analyze the
efficiency of this behavior within optimization
algorithms [27].

2.3.2 Hunting

In optimization, agents in DOA mimic dingoes'
hunting, with all knowing potential prey locations.
Alpha leads; others may join. Top agents' positions
guide updates using equations (11)—(16) [26, 27].

Do :‘74'1 Pa —ﬁ‘ (11)
Dy =‘,_4'2 Py —T)‘ (12)
D, =|4:-P, - P| (13)
P :‘TDQ —E-Ba‘ (14)
P = ‘1—5;; —B-Dy (15)

P:=|P.—B-D.

(16)

These equations embody the hunting strategy in the
DOA algorithm, reflecting how dingoes coordinate
their actions based on the alpha's lead and information
from the group. This modeling introduces a distinct
approach to optimizing search, mirroring the
teamwork seen in dingo packs. Equation (17)-(19)
determine each dingo's intensity [26, 27].

Ta= log((Fa ~(1E-100))” +1) 17
Ty= log((Fﬂ ~(1E-100))" +1) (18)
I, = log((Fo ~(1E-100))” +1) (19)

where, F,, and F3 = o and f-dingo fitness values, and
F, = other dingo fitness value.

These equations represent the mathematical processes
used to assess dingo intensities in the DOA algorithm.
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2.3.3 Attacking prey
Once the hunt is complete, the dingo launches an
attack on its prey if there is no requirement for a

location adjustment. Mathematically, the variable b
decreases linearly, reducing the range of D.. As b

reduces from 3 to 0, D.'s random values range
narrows. This narrowing range models the dingo's
decision-making, gradually restricting movement
options. The DOA algorithm integrates these
adjustments, improving search agent efficiency in
finding optimal solutions.

2.3.4 Searching

Dingoes hunt using group dynamics, assessing prey
movement relative to the pack. In the DOA model,
“pack” represents the group of search agents (dingoes)
that explore the solution space together. In this model,

Bindicates prey approach or retreat, while A
promotes exploration with random values. Eq. (8)
accommodates varying prey behaviors. Values < 1
signify prey moving away, > 1 signify approach. This

setup analyzes the gap's impact (Eq. 7).
2.4 Optimal DG Allocation Utilizing the DOA

Step 1: Initialize dingo agents randomly within the
search area.

Step 2: Assess fitness using a function considering
network performance post-DG allocation.

Step 3: Select agent with highest fitness as global best
solution.

Step 4: Update agents' positions and velocities based
on individual and global knowledge.

Step 5: Apply boundary constraints to keep agents
within feasible region.

Step 6: Assess fitness of adjusted agents.

Step 7: Adjust personal best solutions for each agent
based on fitness comparison.

Step 8: Update the global best solution if a superior
alternative is identified.

Step 9: Continue executing steps 4 through §
iteratively until termination criteria is reached.

© ? © 2025 by the author(s). Licensee NIJOTECH.
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Step 10: Select the optimal dingo agent as the final
solution and assign DGs to the distribution network
according to their designated positions.

The DOA was implemented in the MATLAB
environment to determine the optimal placement and
sizing of DG units. The optimization process utilized
the IEEE 33-bus test network as the study case. The
objective function was formulated to minimize active
power losses and enhance the voltage profile. The
simulation was executed with a population size of
1000 and a maximum of 100 iterations to ensure
convergence. The DOA algorithm evaluated the
performance of each candidate DG configuration by
running a Newton-Raphson load flow analysis at
every iteration until the optimal solution was obtained.
The IEEE 33-bus distribution network used in this
study was divided into four protection zones to
facilitate relay coordination and fault studies. The
network topology and zone segmentation are
illustrated in Figure 1, which provides a schematic
overview of the system layout and bus numbering
adopted for the analysis.

Figure 1: IEEE 33-bus network divided into four
zones

2.5 Determination of Relay Parameter Settings
The operational relay time was determined through
the following procedure.

I=1,]I, (20)
I = expected fault current while ler = transformer
ratio.
The relay pickup current fp was calculated using Eq.
(21).
I =P, X, 2D

)4 setting
P

setting = plug setting while fscr = rated secondary
current of CT
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The plug setting multiplier PSM was computed using
Eq. (22)
PMS=1,/1, (22)

The relay operating time was computed using Eq.
(23).

T= TMS[A/ (PsM™ + B)} 23)

A is constant, B is constant (-1), while oo is a constant
that varies 0.02 and 2. TMS is a time-setting
multiplier.

The procedural steps for determining relay operating
time are summarized in Figure 2 which illustrates the
sequence from current measurement to relay time

calculation.

Obtain System Data:
Fault Current (Ig)
CT ration
Plug setting

!

Calculate Relay Pickup
Current using Eq. (21)

!

Compute Plug Setting
Multiplier using Eq. (22)

|

Determine Operating
Time using Eq. (23)

i

Record Relay Time
and Adjust TMS for
Coordination

End

Figure 2: Flowchart for Determination of Relay
Operating Time

2.6 Modeling of the IEEE 33-Bus on ETAP

Prior to protection analysis, the IEEE 33-bus network
was characterized through a load flow study using
Newton-Raphson method on MATLAB. This enabled
the identification of the network’s voltage levels,
current distribution, and total system losses under base
conditions. The load flow results served as a
benchmark for comparing the system’s performance
after DG integration, helping to quantify the technical
losses and determine buses with the lowest voltages
and highest losses. These buses later guided the
optimal DG placement during the optimization
process. The network was divided into four zones
because of its radial nature. Each zone operates
independently of the others. Zone 1 spans buses 118,
housing 17 overcurrent relays. Zone 2 covers buses 2-
19 to 22 with four relays, while Zone 3 extends from
bus 3 through 23 to 25, equipped with three relays.
Zone 4 encompasses buses 6 through 26 to 33,
containing eight relays as depicted in the system's
single-line diagram. Current is measured using
200/5A-rated current transformers (CTs), and voltage

@ T © 2025 by the author(s). Licensee NIJOTECH.
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at each bus is measured using 12660/100V-rated
capacitor voltage transformers (CVTs). The
integration of DGs into the grid negatively impacts
traditional overcurrent protection relay coordination.
The ETAP 19 model, shown in Fig. 3, incorporates
protection system components such as CTs,
overcurrent relays, and circuit breakers (CBs). Fault
simulations were conducted at the zone boundaries,
both with and without DGs, to assess relay operational
characteristics. Following simulations, fault currents,
TMSs, and relay operational times were determined.

Figure 3: IEEE 33-Bus Network Model on ETAP

The overall methodological framework of this study,
which links the MATLAB-based DOA optimization
process with the ETAP-based protection analysis, is
presented in Figure 4. This framework demonstrates
how load flow and optimization results obtained from
MATLAB are transferred into ETAP for fault
simulation and relay coordination assessment.

Figure 4: Interconnection Between DOA
Optimization, Load Flow, and Protection Analysis
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3.0 RESULTS AND DISCUSSION

The DOA methodology, implemented in MATLAB
and applied to the IEEE 33-bus distribution grid,
demonstrated strong optimization performance. As
shown in Figure 5, the algorithm achieved rapid
convergence, reaching the minimum total active
power loss within approximately 40 iterations out of
the 100-iteration limit. This confirms the DOA’s
efficiency and robustness in solving non-linear, multi-
variable optimization problems associated with DG
allocation.

88 - T T T T T T T T T il
DOA

86 |

84

Total Active Power Loss (kW)
~N ~N @ -3
(] o] o N

~
IN
T

~
N

Figure 5: Convergence curve of DOA for the IEEE
33-bus grid

Following the optimization of DG allocation, buses
24, 29, and 13 were identified as the most suitable
locations for DG deployment. The respective sizes of
DG units, determined to be 978.00 kW, 1101.00 kW,
and 786.00 kW for buses 24, 29, and 13, are presented
in Table 1.

Table 1. Strategic DG allocations on IEEE 33-bus
grid

DG size (kW) Location
978.00 24
1101.00 29
786.00 13

3.1 Voltage Profile

The voltage profiles were obtained from two power
flow analyses—one conducted before DG integration
(base case) and another after DG allocation using the
DOA results—to highlight the improvement in voltage
profile Figure 6 depicts the grid voltage profile,
contrasting scenarios pre- and post-DG units’
integration. Prior to the DG deployment, the voltage
profile showed significant deficiencies, with multiple
bus voltages falling below acceptable thresholds.
Voltage magnitudes for buses 7 through 18 fell short
of the minimum threshold of 0.95 p.u., with bus 18
showing the least reading at 0.91312 p.u. After the DG

@ e © 2025 by the author(s). Licensee NIJOTECH.
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units were installed, notable improvements in the
voltage levels at these buses were observed.
Specifically, the voltage at bus 30 was recorded at
0.966 p.u., which played a key role in enhancing the
grid voltage profile. Integrating the DOA for
optimizing DG, was crucial for improving the
performance of the test grid.

wwwwwwwwwww
—P— Voltage Profile Without DG Placement t
1% —@— Voltage Profile With DG Placement t |-

)

o
©
8

Voltage Magnitude (p.u

0.91

12 3 45 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
Bus Number

Figure 6: Voltage profiles pre- and post-DG
integration

3.2 Active Power Loss

Prior to the installation of DGs, the grid had an active
power loss totaling 202.71 kW. However, by
employing the DOA optimization algorithm for DG
allocation, a substantial decrease of 61.21%, totaling
78.62 kW, was achieved in total active power loss.
Figure 7 depicts the distribution of active power losses
throughout the grid branches. Reviewing the data
reveals that the highest active power loss in branch 2—
3, which was 52 kW before the integration of DGs,
was substantially diminished to 14.95 kW after their
strategic placement, representing a 71.25% decrease.
These decreases in individual branch losses contribute
to a total minimization in active losses throughout the
entire grid.

[ ithout DG
[ with DG

Active Power (kW)

mmuh@’\%%@xwﬁwﬁbé‘b@w“wfﬂ(f’w“fi“ ww

N 60 AT RN

2
ERCANINZ AU AN ’L’,\Q‘,Le’,»’ NN b’L ’L {&,’b o N )
Branch

Figure 7: Active power losses pre- and post-DG
integration
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3.3 Reactive Power Loss

Figure 8 illustrates a comparison of reactive losses in
the distribution network branches both prior to and
following the integration of DGs. At the outset, the
branches 2—3 and 5-6 were identified as having the
largest reactive power losses, measuring 26.0 and 34.0
kVAr, respectively. Nevertheless, with the strategic
placement of DGs, these losses were greatly
diminished to 7.0 and 11.0 kVAr. This highlights the
substantial impact of optimally positioned DGs in
reducing reactive power losses in the distribution grid.
Figure 6 shows a significant reduction in reactive
power losses across the network. The total loss
decreased from 23.561 kVAr to 10.0 kVAr, a 57.6%
reduction. This demonstrates the DOA's effectiveness
in optimizing DG allocation and enhancing network
performance.

35

I ithout DG
[ with DG

30

N N
3 &

Reactive Power (kVAr)
a

’L%P‘J‘b’\‘b%.&\\\w\%\\bb(\%%% o > © A D D D N o
WA o0 6 6t A% @2 S e S S S S o B A B A

Branch

Figure 8: Reactive power losses pre- and post-DG
integration.

3.2 Over-current Protection Relays

The IEEE 33-bus model was implemented in ETAP,
as discussed in the previous section. Short-circuit
faults were simulated at each end of the protection
zone, both without and with DG unit deployment. For
zone 1, a short-circuit current was introduced at bus
18; for zone 2, at bus 22; for zone 3, at bus 25; and for
zone 4, at bus 33.

The relay parameters, including the TMS, fault
current, and relay operating time, were determined
and summarized in Tables 2—5 for each zone. Upon
examining Tables 5-10, which compare the relay
parameter settings without and with DG unit
integration, it becomes evident that the TMS, fault
current, and relay operating times underwent
significant changes with the penetration of DGs into
the grid. These alterations in relay parameters stem
from variations in short-circuit current levels due to
DG unit integration, ultimately affecting the values of
TMS, PMS, and relay operating times. Consequently,
the protection scheme of the network is compromised,
as relay coordination is disrupted due to changes in
relay parameters within the protection system. The
relay characteristic curves without and with DG
placements for each zone are illustrated in Figures 9—
12.

Table 2: Zone 1 relay parameters comparison with and without DGs

Without DG With DG
Fault Operation Time Fault Operation Time

Relay TMS Current (kA) (ms) TMS Current (kA) (ms)
R17 0.1214 0.495 213 0.1268 0.534 180
R16 0.1668 0.479 353 0.1745 0.519 294
R15 0.2353 0.466 594 0.2456 0.506 487
R14 0.2870 0.454 866 0.3007 0.495 697
R13 0.3389 0.427 1350 0.3552 0.470 1040
RI12 0.3941 0.415 1930 0.4141 0.414 1950
R11 0.4849 0.405 3170 0.5033 0.405 3180
R10 0.5271 0.397 3870 0.5473 0.398 3860
R9 0.5620 0.388 5200 0.5827 0.390 5120
R8 0.6993 0.380 8280 0.7195 0.383 8040
R7 0.7927 0.355 16000 0.8116 0.361 15000
R6 0.9436 0.355 >32200 0.9712 0.345 28600
RS 1.0276 0.232 - 1.0585 0.219 X
R4 1.1067 0.227 - 1.1340 0.215 X
R3 1.1504 0.216 - 1.1745 0.207 X
R2 1.1910 0.141 - 1.2146 0.109 X
R1 1.2199 0.106 - 1.2397 0.0825 X

Table 3: Zone 2 Relay Parameters Comparison with and without DGs

Relay Without DG

With DG

@ CTT © 2025 by the author(s). Licensee NIJOTECH.
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Fault Operation Fault Operation
Current Time Current Time
TMS (kA) (ms) TMS (kA) (ms)
RR22 0.0588 0.864 627 0.2128 0917 535
RR21 0.1005 0.840 1230 0.3069 0.894 1040
RR20 0.1380 0.817 1940 0.3942 0.872 1610
RR19 0.2241 0.800 3570 0.5298 0.856 2920
Table 4: Zone 3 relay parameters comparison with and without DGs
Without DG With DG
Fault Operation Fault Operation
Current Time Current Time
Relay TMS (kA) (ms) TMS (kA) (ms)
R24 0.0681 1.011 183 0.2404 1.108 147
R23 0.1098 0.897 430 0.3419 0.937 381
R22 0.1580 0.874 703 0.4458 0.915 616
Table 5: Zone 4 relay parameters comparison with and without DGs
Without DG With DG
Fault Operation Fault Operation
Current Time Current Time
Relay TMS (kA) (ms) TMS (kA) (ms)
RR32 0.073 0.823 166 0.1935 0.895 137
6
RR31 0.107 0.795 278 0.2675 0.868 226
0
RR30 0.138 0.755 441 0.3380 0.828 348
8
RR29 0.197 0.624 634 0.4329 0.703 476
0
RR28 0.234 0.596 1800 0.5038 0.613 1630
1
RR27 0.289 0.585 3010 0.5887 0.602 2680
6
RR26 0.365 0.575 5730 0.6974 0.593 5020
6
RR25 0.403 0.566 10100 0.7625 0.585 8610
7
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Figure 9: Zone 1 relay curve characteristics (a) Pre-DG penetration (b) Post-DG penetration
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Analysis of the relay characteristics curves presented
in Figures 9—12 reveals a significant impact on relay
operating times resulting from the incorporation of
DG units. A comparison between the relay
characteristics curves without and with DG

1 © 2025 by the author(s). Licensee NIJOTECH.
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integrations indicates notable changes. These

alterations in relay operating times stem from
variations in short-circuit currents induced by DG
integration. The introduction of DG units into the
network leads to fluctuations in short-circuit currents,
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consequently affecting the TMS of the relays. These
changes in TMS, in turn, influence the relay operating
times.

Furthermore, it is crucial to note that the observed
changes in relay operating times have implications for
the overall performance and coordination of the
protection scheme. The ability of relays to respond
swiftly and accurately to faults is paramount to
ensuring the reliability and stability of the network.
Any deviations in relay operating times can
potentially impact system protection, leading to
delayed fault detection and clearance.

Moreover, the findings underscore the intricate
relationship between DG integration and relay
performance within the distribution network. As DG
penetration increases, the network experiences
dynamic changes in fault current levels, necessitating
adjustments in relay settings for optimal protection
coordination.

When protection devices are numerous, DG
penetration increases coordination complexity as
multiple relays respond to the same fault due to higher
short-circuit currents. Conversely, in systems with
inadequate protection, DGs can cause delayed or
missed relay operation, risking equipment damage.
Although this study did not directly compute the
optimal number of relays, the observed variations in
fault current and TMS across the four zones indicate
the need for adaptive protection coordination when
integrating DGs.

5.0 CONCLUSION

This study has demonstrated the DOA efficacy in
optimizing the DGs deployment within the IEEE 33-
bus grid, with MATLAB serving as the simulation
platform to bolster network performance. The
strategic sizing and positioning of DG units, guided by
DOA and validated by empirical evidence, underscore
their potential to enhance system efficiency and
reliability.

Furthermore, the investigation into the adverse DG
integration effects on the network's protection system,
conducted using ETAP 19, has unveiled significant
challenges. The observed disruptions to TMS, fault
currents, and relay operational times underscore the
pressing need for innovative solutions to mitigate
these negative impacts. Looking ahead, future
research endeavors should prioritize the development
of advanced relay coordination algorithms tailored to
accommodate the dynamic operating conditions
induced by DG integration.

Additionally, exploring novel approaches for real-
time monitoring and control of relay settings can
bolster the adaptability and resilience of the protection

C oy © 2025 by the author(s). Licensee NIJOTECH.
This article is open access
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system in the face of evolving grid configurations. In
light of the pivotal role played by DG unit integration
in ensuring the efficient operation of radial
distribution networks, continued investigation and
collaboration across interdisciplinary domains are
imperative. Addressing the complexities and
challenges associated with DG integration can pave
the way towards a more sustainable, resilient, and
responsive energy infrastructure for the future.
Overall, the coordinated application of DOA
optimization and ETAP-based protection modeling
provides a reliable framework for managing the
technical and protective challenges associated with
DG integration in distribution networks.
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