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Abstract— The integration of renewable energy sources into 
power distribution networks presents significant challenges for 
relay coordination, essential for protecting the network from 
faults and ensuring reliable operation. This paper provides an in-
depth analysis of relay coordination principles under fault 
conditions in a distributed power system using ETAP software. 
Key analyses, including load flow, short circuit, and fault analysis, 
were conducted to evaluate the reliability of the developed model. 
Utilising the Newton-Raphson algorithm, the ETAP software 
adjusts relay settings in real-time to ensure optimal performance. 
The study's findings demonstrate the model's effectiveness in 
maintaining network stability and reliability amidst the dynamic 
nature of renewable energy sources, highlighting the critical 
importance of advanced relay coordination strategies in modern 
power systems. 

Keywords—protection relay, relay coordination, distribution 
power system network, ETAP software, Renewable Energy 
Sources, short circuit analysis, load flow analysis 

I. INTRODUCTION

Relay Coordination is one of the critical aspects for main- 

taining the reliability and stability of the distributed system 

network[2]. In recent eras, the energy landscape worldwide 

has undergone major changes because more attention is being 

given to environmental sustainability and reducing our reliance 

on limited energy sources. This has led to a growing interest 

in renewable energy sources such as wind and solar power. 

Distributed systems involve generating electricity from many 

small-scale and often spread-out sources, like household solar 

panels, and wind turbines. In traditional power systems, collab- 

oration is fairly straightforward, as the generation is stable, and 

fault currents can be reliably prognosticated Unlike traditional 

centralized power generation, renewable energy sources are 

known for their intermittent and variable nature[3,4]. Protec- 

tive relays serve as the first line of defence against faults and 

disturbances in the network, acting swiftly to isolate faulty 

sections and prevent cascading failures that could lead to 

widespread outages. In traditional centralized power systems, 

relay coordination primarily focuses on optimizing protection 

schemes for the interconnected grid. However, the dynamic 

nature of distributed power systems demands a paradigm shift 

towards decentralized relay coordination strategies that account 

for the diverse characteristics and operating con- ditions of 

distributed energy resources[4]. Integrating relay 

coordination with renewable energy sources causes lots of 

challenges. Renewable energy sources such as solar energy, 

and wind produce power depending on the weather conditions 

and times of the day. Moreover, these resources also allow 

the bidirectional flow of power from consumers to the grid 

during power generation. Fluctuations in generation patterns 

lead to dynamic fault currents, complicating the design and 

implementation of collaboration schemes. To address these 

complexities and ensure sustainable energy development, the 

integration of a proper industrial model is essential. In this 

study/experiment, an industrial model has been proposed and 

developed with renewable energy sources that can maintain the 

reliability and stability of the network in the ETAP software. 

This study mainly focuses on the relay coordination of com- 

ponents in distributed systems with renewable energy sources, 

but the main requirement is relay coordination between the 

components when there is any fault in the network. The 

prepared model has undergone load flow analysis, short circuit 

analysis and relay coordination when a fault is induced. The 

load flow analysis method is performed to determine the state 

of the equipment present in the network to ensure their 

operational limit is not exceeding[5]. Short circuit analysis 

is used to determine the magnitude of short circuit current, 

the system can produce and compare that magnitude with the 

interrupting rating of the overcurrent protective devices by 

fault analysis it is determined that the model can protect the 

network when a fault is induced in the network. The ETAP 

Software uses Newton Raphson Algorithm to adjust the relay 

setting according to the real time information and perform relay 

coordination in the network. Many architectural models can be 

used to study relay coordination but as this model involves the 

usage of renewable energy sources, it is important to consider a 

ring power system model. Therefore, the star view of the 

industrial model in the distributed network shows the proper 

coordination of the model. It is very important that the model 

successfully gives the result during load flow analysis, giving 

voltage magnitude and phase angles, short circuit analysis and 

when a fault is induced in the bus relay coordination between 

the components in the network. 

Recent research on relay coordination in distributed power 

systems using renewable energy sources has focused on ad- 

dressing notable demonstrations to overcome the challenges 
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posed by the integration of renewable energy into the power 

grid. The most common approach to overcome the challenges 

is to use simulation software to test the performance of 

protective relays under different fault scenarios. This testing 

involves creating a range of fault scenarios based on the system 

configuration and types of faults that could occur, simulating 

these faults to analyse the coordination of the protective relays, 

and verifying their operation through primary and secondary 

injection testing. The results of these tests are then 

documented and used to adjust the relay settings to ensure 

optimal relay coordination. A new formulation for the 

coordination of directional overcurrent relays in interconnected 

networks, which aimed to improve the efficiency and effec- 

tiveness of relay coordination in such systems is proposed by 

Adelnia et al. In 2015. Another illustration is given by Singh et 

al. in 2020, who developed an optimum coordination of over 

current relays using the CMA-ES algorithm, which is a type 

of evolutionary algorithm. This research demonstrated the 

potential of using advanced algorithms to optimize the 

coordination of over current relays in power systems with 

distributed generation. In this study, the model successfully 

gives the result during load flow analysis, giving voltage 

magnitude and phase angles, short circuit analysis and when 

a fault is induced in the bus relay coordination between the 

components in the network. The prepared model completed all 

the above-mentioned analyses and gave results, which marks 

the successful completion of the model. Additionally, the Time 

Current Coordination Analysis on ETAP explains the nature 

of current when there is a fault and the principle of relay in 

this model. 

II. METHODOLOGY

In this study, a 10-bus circuit industrial ring model is 

designed in the ETAP Software to demonstrate relay coordi- 

nation. The load flow, short circuit current and fault analysis 

performed in the ETAP software demonstrate the reliability and 

stability of the model to detect faults and protect the net- work. 

Additionally, the Time Current Coordination Analysis on 

ETAP is also performed to determine the nature of the current 

when there is a fault and the principle of relay in this model. 

The 10-bus industrial model consists of, a power grid of 33 KV 

with two static lamp loads of 2 MVA each with two induction 

motors whose ratings are 1000 KW each along with two 

synchronous generators of 33 kV each and two wind turbines 

of 6.6 KV each. Also, step-down transformers are: 

T1, T13, T18 = 50mV A, 33/11kV 

T11, T7, T15 = 25mV A, 11/6.6kV 

T10, T6 = 2.5mV A, 6.6/0.416kV 

Load flow analysis is performed after modelling in the ETAP 

software to determine the state of the equipment present in the 

network to ensure their operational limit is not exceeding. 

The load inflow analysis gives the current, 

voltage and Power inflow of lines, machines, motors, circuit 

breakers, motors, and other devices. Using the load flow study, 

we can decide the draw setting of the relay. At the time of 

designing a new system, or analysing the system, factors such 

as voltage drop, load capacity, power factor constraints, steady-

state stability limits, motor valve settings, and creator excitation 

situations need to be considered[5]. Next, Short circuit analysis 

is performed to determine the magnitude of the short circuit 

current, the system can produce and compare that magnitude 

with the interrupting rating of the over current protective 

devices (OCPD)[6]. The fault analysis in the ETAP software 

explains any disturbances or electrical faults in the electrical 

network. This helps to understand how the model, or the 

electrical network behaves during abnormal conditions and 

how much it causes impact on the network. During fault 

analysis, the location of the fault in the network is first 

identified and then the fault current that is obtained during fault 

condition is calculated[4]. ETAP also gives data regarding the 

current and voltage drops during fault conditions and also 

shows the abnormal flow of current in some parts of the 

network. Fault analysis in ETAP gives the appropriate setting 

details about protective devices and relays. As a first step, all 

these details are studied with an initial model to successfully 

implement the model and perform the analysis. Finally, the 

results of the analysis performed in the ETAP software are 

studied to understand the performance and reliability of the 

model during fault conditions. 

III. ETAP SOFTWARE

To implement the model that will show the relay coordina- 

tion in the distributed network enriched with renewable energy 

sources, it is very important to understand the software and 

its operation. To prepare the model ETAP 21.0.2 version is 

used and using basic ETAP software knowledge a basic model 

is prepared first then the initial model undergoes load flow 

analysis, fault analysis and relay coordination to understand 

how in the ETAP the relay coordination is taking place and 

which algorithm it is following. From this analysis, it is studied 

that ETAP software uses the Newton-Raphson method to 

perform relay coordination in the distributed Network. 

ETAP Software follows the Newton-Raphson algorithm to 

perform relay coordination between the components. In this 

study, the model was designed with 10 buses. So, to elucidate 

the Newton-Raphson algorithm utilized in ETAP software for 

relay coordination, we begin by considering a simplified 

scenario involving two buses. Let x1 and x2 represent the 

variables associated with the functions f1 and f2, respectively, 

such that: 

f1(x1, x2) = C1 (1) 

f2(x1, x2) = C2 (2) 

Where C1 and C2 are constants. Let x1(0) and x2(0) be the initial 

estimates of solutions to “(1)” and “(2)” and let ∆x1(0) and 

∆x2(0) be the values by which the initial estimates differ from 

the correct solutions. That is, 
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f1(x1(0) + ∆x1(0), x2(0) + ∆x2(0)) = C1 (3) 

f2(x1(0) + ∆x1(0), x2(0) + ∆x2(0)) = C2 (4) 

Simplifying this equation, we get 

x1(1) = x1(0) + ∆x1(0) (5) 

x2(1) = x2(0) + ∆x2(0) (6) 

IV. LOAD FLOW ANALYSIS

For electrical systems, load flow studies are crucial, as they 

determine the sizes of capacitors, transformers, and current- 

limiting reactors (CLR) based on system needs. Load Flow 

analysis provides data on current, voltage, and about various 

components like lines, machines, and motors. With this in- 

formation, we can change the relay parameters for effective 

protection. Whether designing a new system or assessing an 

existing one, factors such as voltage drop, load capacity, power 

factor constraints, stability limits, motor settings, and generator 

conditions must be considered to ensure optimal system 

performance and reliability[5]. From the designed 

Fig. 2. Load Flow Analysis Report 

standing of the overcurrent protective device (OCPD). The 

short-circuit analysis in ETAP provides a comprehensive view 

of the system’s short-circuit behaviour and an understanding 

of managing fault currents effectively [6]. Formulae of Short 

Circuit Analysis. 

model shown in Fig.1. the voltage magnitude and phase angles 

are determined by performing load flow analysis which gives 

an understanding of any modification required to enhance the 

Fig. 3. Short Circuit Analysis Report 

V. RELAY COORDINATION

Relay Coordination in a distributed electrical network is 

about ensuring selective and coordinated protection. Selective 

protection means that when a fault occurs, only the nearest relay 

should act, isolating the faulty section without affecting the rest 

of the network. This principle is crucial for maintain- ing the 

reliability of electrical power. To achieve this, relays 

Base kVA 
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are configured with specific settings based on fault current 

and time characteristics. These settings ensure that each relay 

responds appropriately to faults based on its location and fault 

severity, preventing unnecessary disruptions to the entire 

network. Relay Coordination aims to balance quick fault 

detection and isolation while minimizing disruptions to op- 

timize the overall reliability and performance of the electrical 

distribution system[2,4]. Time / PSM Curve, Plug Setting, Time 

Setting, Fault Current, and Current Transformer Ratio are the 

parameters required to calculate the relay operating time][1]. 

Relay coordination involves selecting appropriate plug and 

time multiplier settings based on maximum fault currents at 

relay locations. The fault current is converted into the relay 

coil current by using the current transformer ratio. The plug 

setting multiplier (PSM) is calculated by expressing the relay 

current as a multiple of the current setting. Graphical 

coordination checks are then conducted to ensure proper 

sequencing of protective devices. Maintaining specific time 

intervals between coordination curves is crucial, particularly 

for inverse time overcurrent relays. These relays determine the 

actual operating time for a given fault current by multiplying 

the operating time of the relay, obtained from the PSM based 

on the relay’s current setting and the actual current measured 

during a fault with a time setting multiplier and are commonly 

used for effective coordination. Operating characteristics are 

typically represented graphically, showing the plug setting 

multiplier along the X-axis and operating time along the Y- 

axis[1]. Formulae of relay coordination. 

Fig. 5. Operating Time of Relay 

Fig. 6. Relay Coordination 

FPC = 
voltage between healthy and fault phase 

normal phase voltage 
desired pickup current 

plug setting = 
CTR 

primary operation current = CTR × ps 
FI 

plug setting multiplier = 
actual POC 

Fig. 4. Sequence of operations between Circuit Breaker and Relay during 
fault conditions 

Where FPC = First pole clear 

POC = primary operation current 

CTR = current transformer ratio 

ps = plug setting 

VI. RESULTS AND DISCUSSION

In this study, a 10-bus circuit industrial ring model was 

designed using ETAP software to evaluate relay coordination 

in a distributed power system incorporating renewable energy 

sources. The model underwent three critical analyses: Load 

Flow Analysis, Short Circuit Analysis, and Fault Analysis, to 

ensure the system's reliability and stability under various 

conditions. 
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These are some of the findings from this study: 

− The load flow analysis provided detailed information on

voltage magnitudes and phase angles across different

buses. This data is crucial for understanding the steady-

state operation of the network and for setting the relay

parameters effectively. The results indicated that the

network maintained stable voltage levels and power

flows, essential for reliable operation.

− The short circuit analysis revealed the maximum fault

currents the system could produce. These values were

compared against the interrupting ratings of the

overcurrent protective devices (OCPD). The analysis

confirmed that the protective devices could handle the

fault currents without compromising the network's

safety. This step is vital to ensure that the relays operate

correctly and isolate faulty sections promptly.

− Fault analysis provided insights into the locations of

faults and the corresponding fault currents. The ETAP

software effectively identified fault conditions and

calculated the resulting current and voltage drops. The

analysis showed that the network could isolate faults

efficiently, minimizing the impact on the overall system.

This capability is crucial for maintaining stability and

preventing cascading failures.

− The relay coordination study focused on configuring

relays with appropriate settings based on fault currents

and time characteristics. The Time Current

Coordination Analysis illustrated how relays responded

to fault conditions, ensuring that only the nearest relay

acted to isolate the fault. This selective protection

mechanism is essential for minimizing disruptions and

maintaining the network's reliability. The use of the

Newton-Raphson algorithm in ETAP to adjust relay

settings in real-time proved effective in optimizing relay

coordination.

VII. CONCLUSIONS

The integration of renewable energy sources into distributed 

power systems presents unique challenges for relay coordination 

due to the intermittent and variable nature of these energy 

sources. This paper successfully demonstrated the use of ETAP 

software to model a 10-bus industrial ring network and perform 

comprehensive analyses to address these challenges. Some of the 

key outcomes include: 

- Effective Relay Coordination: The model ensured that

relays operated selectively and efficiently, isolating faults

without causing unnecessary disruptions to the network.

- Reliable Fault Isolation: The system's ability to detect and

isolate faults promptly was validated through load flow,

short circuit, and fault analyses.

- Stability and Reliability: The designed model maintained

stable voltage levels and power flows, demonstrating its

reliability under various operating conditions.

The following points summarise the omplications of this 

research: 

- The paper highlights the importance of advanced relay

coordination strategies in modern power systems,

particularly those incorporating renewable energy sources.

- The findings underscore the critical role of simulation tools

like ETAP in designing and evaluating protection schemes

for distributed networks.

- Future research can explore the application of more

sophisticated algorithms and models to further enhance relay

coordination and network stability.

References 

[1] K. Anupreyaa, T.C. Sabari Karthiga, ”Relay coordination for

distribution system,” presented at the 2nd ICONSTEM,

Chennai, India, pp. 338–341, issue 8, Sept–2016.

[2] S. Champa and S. R. Vyas, ”Protection of Industrial System

Using Over Current Relay Co-Ordination-Review,”

IJAREEIE, Vol. 6, No. 2, pp. 923, Feb–2017.

[3] S. A. Nasar, ”Power-Flow Studies,” in Schaum’s Outline of

Electrical Power Systems, 1st ed., USA: M. G. Hill, 1989.

[4] S. H. Horowitz and A. G. Phadke, ”Introduction To

Protective Relaying,” in Power System Relaying, 4th ed.,

USA: WILEY, 2014, pp. 1–11.

[5] O. A. Afolabi, W. H. Ali, P. Cofie, J. Fuller, P. Obiomon, E.

S. Kolawole, ”Analysis of the Load Flow Problem in Power

System Planning Studies,” presented at SciRes., Vol.7,

No.10, Sept 2015.

[6] ”What is Short Circuit Analysis and Why Is It Done?”, 2023

[on- line]. Available: https://carelabz.com/what-short-

circuit-analysis-done- why/. Accessed: 2024.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: 
DOI: 10.1109/UPEC61344.2024.10892377, 2024 59th International Universities Power Engineering Conference (UPEC)

Copyright © 2024 Institute of Electrical and Electronics Engineers (IEEE). Personal use of this material is permitted. Permission from IEEE must be obtained for all other uses, in any current or future 
media, including reprinting/republishing this material for advertising or promotional purposes, creating new collective works, for resale or redistribution to servers or lists, or reuse of any copyrighted 
component of this work in other works ( https://journals.ieeeauthorcenter.ieee.org/become-an-ieee-journal-author/publishing-ethics/guidelines-and-policies/post-publication-policies/ ).




