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Abstract: This paper focuses on the design as well as proper sizing of electrical equipment in power transmission substations
operating at various voltage levels from 33 kV to 220 kV. The study covers equipment such as power transformers, circuit breakers,
isolators(disconnector), current transformers (CTs), lightning arresters, and potential transformers. A case study of a 220/33 kV
pooling substation is presented using AutoCAD software, along with the a single-line diagram (SLD) that outlines the power flow
and equipment ratings across the system. The proper selection of equipment ratings through proper sizing is important for achieving
stability and reliability of power supply, while also ensuring the efficiency of substation operations as well as safety. The study
highlights the important role of equipment sizing in the development of a dependable and efficient power transmission substation.
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. INTRODUCTION

The continuous rise of electricity demand, especially in developing countries like India, is driven by rapid industrialization,
urbanization, and agricultural development. To meet demand of load, the construction of new generating stations whether thermal,
hydro, gas-based, nuclear and renewable is essential. However, these stations are often situated far from load centers, making it
necessary to transmit large amounts of power for long distances. This can be achieved through Extra High Voltage (EHV)
transmission systems, which have advantages like, improved efficiency, enhanced stability, and lower transmission losses. [1-11]

Substations play an important role in the electrical power system as points of connection between generation, transmission, and
distribution networks. Substation have various electrical equipment required for voltage transformation, system protection, power
flow control, and switching operations. The design of a substation varies depending on its voltage level, purpose, and geographical
location. Voltage levels commonly used in transmission systems include 33kV, 66 kV, 132 kV, 220kV, 400 kV, and 765 kV. [5-
7,10]

One of the most important aspects of substation planning is the proper selection and sizing of equipment such as transformers,
circuit breakers, isolators, lightning arresters, current transformers and potential transformers. Each of these components must be
rated correctly to ensure that the substation can handle expected loads and fault conditions without failure. If equipment is undersized,
it may suffer damage during operation, while oversized equipment can lead to capital & running costs. Therefore, optimum sizing is
critical to both the performance and economic viability of the system. [11-14]

A single line diagram (SLD) is typically used during the initial design phase to represent the substation’s electrical layout. It
simplifies complex three-phase systems into a single line for easier analysis and planning, clearly showing how power flows from
the source to various loads and through different substation components.

This paper explores the process of determining appropriate equipment size for EHV substations in delivering a stable, secure,
reliable and efficient power supply.

Il. REQUIRED EQUIPMENT

A power transmission substation comprises several very important equipment, each serving a distinct function to ensure safe and
efficient energy transfer from generating stations to the distribution network. This equipment must be accurately selected and sized
according to system voltage levels, expected loads, and fault conditions. Proper equipment sizing enhances operational reliability and
system stability. The major equipment used in high-voltage substations are discussed below.
a. Power Transformer

The power transformer is a fundamental component used to step-up or step-down voltage levels between transmission and
distribution systems. In transmission substations, these are often used to convert voltages such as 33 kV to 220 kV or 220 kV to
33 kV. The transformer must be selected based on load capacity, fault level, efficiency, and cooling method. It plays a major role in
minimizing energy losses during long-distance transmission and ensuring voltage stability.
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b. Circuit Breaker (CB)

Circuit breakers are automatic protection devices that interrupt flow of current under fault conditions. This saves the equipment
and also isolate the faulty section, thereby minimizing damage and maintaining continuity in the rest of the system. Depending on
their arc-quenching mechanism, circuit breakers may be classified as vacuum, SFs gas, oil, or air blast type. The choice of breaker is
influenced by system voltage, interrupting capacity, and speed of operation. [3, 5-7]

c. Isolator (Disconnector)

An isolator is a manually or motorized operated mechanical switch used to secure a section of the substation it is completely de-
energized before maintenance activities. Isolators are not designed to operate under load and it must be operated only after the circuit
is opened by a breaker.[7] They provide visible isolation, enhancing safety for workers. Isolators are generally installed on both sides
of circuit breakers and busbars for clear and secure disconnection.

d. Current Transformer (CT)

Current transformers are used to reduce high currents in the system to measurable levels suitable for metering and protection.
They allow protective relays and measurement devices to operate safely without direct exposure to high-voltage & currents. CTs are
carefully rated for accuracy, burden, and thermal performance, especially during system faults, to ensure dependable relay operation.

e. Lightning Arrester (LA)

Lightning arresters protect substation equipment from transient over voltages caused by lightning or switching operations. These
devices divert surge currents safely to the ground, preventing damage to insulation and sensitive components. They are selected based
on system voltage, insulation coordination, and energy absorption capacity.

f. Busbar

The busbar serves as a central conductor within the substation, connecting various incoming and outgoing transmission line. It
must be capable of handling the maximum load current as well as withstand mechanical and thermal stresses during fault conditions.
Materials like aluminium or copper are used depending on current rating, cost, and physical requirements. Proper design and support
of the bushar are essential to maintain long-term operational integrity. [5,18]

g. Potential Transformer (PT)

A Potential Transformer (PT), also known as a Voltage Transformer (VT), is an essential instrument used in substations to step

down high voltages to lower measurable values that are safe for use in metering, monitoring, and protective relaying equipment.

a. Power Transformer

b. Circuit Breaker

c. lsolator (Disconnector)

d. Current Transformer (CT)

e. Lightning Arrester

f. Potential Transformer (PT)

Fig 1. Equipment Symbol in SLD

111. EQUIPMENT SIZING

In substation equipment sizing here let us take a case study on the design and equipment sizing of a power transmission substation
intended for renewable energy integration. The substation receives power from ten incoming 33 kV feeders; each connected to a solar
or wind-based generation source. Every feeder contributes 30 MW, resulting in a total capacity of 300 MW of renewable power.

The primary function of this substation is to step up the voltage from 33 kV to 220 kV using suitable power transformers and
associated equipment. The transformed power is then transmitted to the main transmission grid through a 220 kV outgoing line. The
design emphasizes reliability, fault tolerance, and scalability to accommodate future increases in power generation.

This layout is particularly relevant in regions focusing on grid integration of renewable sources, helping reduce dependency on
fossil fuels while maintaining grid stability through effective substation planning and equipment sizing.
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e  System Parameters: -

Table 1. System Parameters

Sr. Details Value Unit
No. 220 kV System 33kV System
1. Nominal Rated Voltage 220 33 kVrms
2. Highest System Voltage 245 36 kVrms
3. Phase 3 3 Nos.
4., Rated Frequency 50 50 Hz
5. Ambient Temperature 50 50 °C
6. Rated Fault current and its 50 - 1 sec. 25 - 3 sec. kKA
duration
7. System neutral earthing Effectively Effectively
earthed earthed
8. Auxiliary AC Supply (3ph, 415+10% 415+10% \%
4wire, 50Hz)
9.| Auxiliary DC Supply (2 Wire) 220+10% 220+10% \%

o Below table shows different equipment sizing used for 220kV system.

Table 2. Equipment sizing for 220kV

Sr. Details Value Qty.
No. 220 kV System
1. Power Transformer 220/33kV, 200MVA, 50Hz, 2 nos.
ONAN / OFAN, YNd1, Z=10%
2. Circuit Breaker (CB) 220kV, 3ph, SFs Type, 1200A, 4 nos.
50KA for 1 sec.
3. Isolator (Disconnector) 220kV, 3ph, 1200A, 50KA for 1 17 nos.
sec.
4. Current Transformer (CT) | 1200/1A, 15VA at outgoing line 1 no.
600/1A, 5VA at transformer 2 Nos.
5. Lightning Arrester (LA) 198kv, 10kA, Gapless metal 3 nos.
oxide (ZnO)
6.| Potential Transformer (PT 220000 , 110 , 110 3 nos.
T /! 7o eh
o Below table shows different equipment sizing used for 33kV system
Table 2. Equipment sizing for 33kV
Sr. Details Value Qty.
No. 33 kV System
1. Circuit Breaker (CB) 33kV, 3ph, SFs Type, 1200A, 12 nos.
50kA for 1 sec.
2. Isolator (Disconnector) 33kV, 3ph, 1200A, 25kA for 3 12 nos.
sec.
3.| Current Transformer (CT) 600/1A, 5VA at Incoming 10 nos.
feeder
3000/1A, 15VA at transformer 2 nos.
4. Lightning Arrester (LA) 36kv, 10kA, Gapless metal 12 nos.
oxide (ZnO)
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5.| Potential Transformer (PT 33000 ,110 , 110 12 nos.
PT) = 5/ 75 1ph

IV. SINGLE LINE DIAGRAM & PLAN VIEW OF SUBSTATION

220 kV Qutgoing Lins

33KV, JOMW Incoming Feeders

Fig. 2 Single Line Diagram
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Fig. 3 Plan View

V. Conclusion

The efficient operation of a power transmission substation depends significantly on the correct sizing of its major equipment. This
study is presented in a detailed understanding of the sizing principles of various substation equipment such as transformers, circuit
breakers, isolators, CTs, PTs, lightning arresters, and busbars. Accurate sizing not only enhances the safety and reliability of the
substation but also improves its ability to handle load growth, fault conditions, and varying power quality scenarios.

A practical case study was easy to understand how to size a substation equipment. The substation receives power from ten 33 kV
feeders, each supplying 30 MW from solar and wind sources. This 300 MW of renewable energy is stepped up to 220 kV and
transferred to the main grid.

In the future, substation design can benefit from smart technologies, real-time monitoring, and optimization tools. As renewable
energy integration increases, there is scope to study equipment performance under variable loads, use software analysis and/or
simulations for accuracy, and adopt compact solutions like GIS or hybrid and with energy storage systems and protection system.

REFERENCES

[1] James R. Lusby, “Fundamental Concepts in Substation Design”, in the Proceeding of Rural Electric Power Conference, 25-
27 April 1993.

[2] Ivan Nunes da Silva and And& Nunes de Souza, “Analysis of Highvoltage Substations Design Using Artjficial Neural
Networks”, Eleventh International Symposium on (Conf. Publ. No. 467), Volume: 1, 22-27 August 1999.

[3] Circuit breakers, Switchgear, Relays, Substations and Fuses, ANSI IEEE C37, 1989.

[4] Ashok S. and Rangan Banerjee, “An Optimization Mode for Industrial Load and Management”,IEEE Transactions on Power
Systems Vol. 16, No. 4, Nov. 2007.

[5] Ishan Desai, J.G.Jamnani, and S.M.Takalkar, “Reliability Improvement of Extra High Voltage Substation”, international
conference on current trends in technology, nuicone — 2011.

[6] Harshil Thakar, Neel tewar, Miss Khyati Shah, Parth Patel, Sneha Patel, Gaurang Patel; “Design of Substation Equipment
Sizing, Testing and Commissioning”; International research Journal of Engineering and Technology (IRJET); 2018.

[7] Manasi Pattnaik, Snigdha Sharma, Meenakshi Sarswat, Dr. Lokesh Varshney; “Analysis of Equipment Sizing and Designing
of 132/33/11KV Substation”; 2020 IEEE International Students' Conference on Electrical, Electronics and Computer Science; 2020.

[6] Varshney, Lokesh and Saket, R. K. (2014), “Reliability evaluation of SEIG rotor core magnetization with minimum capacitive
excitation for unregulated renewable energy applications in remote areas”, Ain Shams Engineering Journal- Elsevier Publishers
(Science Direct) Volume: 05, Issue No: 03, pp: 751-757, June, 2014.

[7] Lokesh Varshney and Ambesh P Upadhay(2017), “Comparison of Techniques for Designing and Modeling ofHigh Power
Piezoelectric Devices”, In the proceeding of 4th IEEE Uttar Pradesh Section International Conference on Electrical, Computer and
Electronics (UPCON2017), Mathura, India.

[8] Lokesh Varshney, Meenakshi Sarswat, Sapna Joshi and Dilip Debnath, “Comparison between several mitigation techniques
of inrush current in transformer”, In the proceeding of International IEEE Conference on Computing, Power and Communication
Technologies 2018 (GUCON), 28th-29th Sep. 2018.

JETIR2506670 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ g564


http://www.jetir.org/

© 2025 JETIR June 2025, Volume 12, Issue 6 www.jetir.org (ISSN-2349-5162)

[9] Shivi R, Lokesh Varshney, Ashwini Mishra and Sapna Joshi, “Electric Power Generation from Piezoelectric System under
Several Configurations”, In the proceeding of International IEEE Conference on Computing, Power and Communication
Technologies 2018 (GUCON), 28th-29th Sep. 2018.

[10] R. N. Allan, R. Billinton, A. M. Breipohl, and C. H. Grigg, “Bibliography on the Application of Probability Methods in
Power System Reliability Evaluation,” IEEE Transactions on Power Systems, vol. 14, no. 1, pp. 51-57, Feb. 1999.

[11] R. Billinton and P. Wang, “A Generalized Method for Distribution System Reliability Evaluation,” IEEE WESCANEX 95.
Communications, Power, and Computing. Conference Proceedings, 1995, pp. 349-354.

[12] R. N. Allan and J. R. Ochoa, “Modeling and Assessment of Station Originated Outages for Composite Systems Reliability
Evaluation,” IEEE Transactions on Power Systems, vol. 3, pp. 158- 165, 1988.

[13] A. C. Dortolina, L. J. Porta, and R. Nadira, “An Approach For Explicitly Modeling the Protective Relaying System in
Substation Reliability Evaluation Studies,” IEEE Transactions on Power Systems, vol. 6, pp. 1373-1379, 1991.

[14] R. E. Brown and T. M. Taylor, “Modeling the Impact of Substations on Distribution Reliability,” IEEE Transactions on
Power Systems, vol. 14, pp. 349-354, 1999.

[15] D. Atanackovic, D.T. McGill’s, F.D. Galiana, “The Application of Multi-criteria Analysis to Substation Design” IEEE
Transactions on Power Systems, Vol. 13, No. 3, August 1998.

[16] D. C. Idoniboyeobul, T. K. Bala, K. I. Blue-Jack, “Performance Evaluation of the 132KV Sub-Transmission Lines in the
Nigeria Power Network: A Case Study of Port Harcourt Sub-Region, Rivers State”, International Journal of Research in Engineering
and Science (IJRES) PP. 28-40Volume 5 Issue 12 December. 2017

[17] C. 1. Amesi, T. K. Bala, and A.O. Ibe, “Impact of network reconfiguration: a case study of port-harcourt town 132/33KV
sub-transmission substation and its 33/11KV injection substation distribution networks”, European Journal of Electrical and
Computer Engineering, 1(1), 2017.

[18] Cheng-Chien Kuo, Fu-Hsien Chen, “Evaluation of Substation Bus Schemes Considering Reliability”, IEEE Conference,
Qingdao, pp. 2979-2984, July 2010.

[19] CBIP Publication no.299 on substation layout.

[20] CBIP Publication n0.342 on manual on substation.

[21] CEA- central electricity authority, “General Deadlines For 765/400/220/132 kV Substation & Switchyard of Thermal/Hydro
Power Projects”, june2012.

JETIR2506670 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ 0565


http://www.jetir.org/

