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Essential Features of Substations

o Course: Substation Engineering (D104009011)
@ Unit 1: Introduction

@ Lecture b
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What are Essential Features?

A substation involves huge capital investment.

Errors in design can lead to massive financial loss or
catastrophic blackouts.

o Essential features are the non-negotiable requirements that
ensure the substation meets its operational goals.

@ They dictate the overall design philosophy.
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Core Essential Features

Location at the Center of Gravity of Load
Reliability of Supply (Security)

Ease of Maintenance

Provision for Future Expansion

Capital Cost Optimization
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Safety and Clearances
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1. Location at Center of Gravity of Load

A distribution substation should ideally be located at the 'load
center’.

Reduces the length of the distribution network (feeders).
Minimizes I1°R copper losses in the lines.

Improves voltage regulation (less voltage drop at the far end).
Often constrained by land availability in reality.
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2. Reliability of Supply (Security)

@ The grid must remain stable even if a component fails (N-1
Contingency).

@ Substations must have redundant paths for power flow.

o If a transformer fails, another should be able to take the
critical load.

@ Achieved through complex busbar arrangements (e.g., Double
Bus, Ring Main).
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Busbar Arrangements and Reliability

[Single Busbar: Cheap, but complete outage if the bus fails. ]

Double Busbar: More expensive, high reliability. Load can be
shifted to the spare bus.

Ring Busbar: Excellent reliability, any breaker can be maintained
without interrupting power.
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3. Ease of Maintenance

@ Substation equipment requires regular servicing (oil testing,
contact cleaning).

@ Layout must allow maintenance without shutting down the
entire substation.

@ Adequate spacing and bypass switches must be provided.

@ Access roads must support heavy cranes for transformer
removal.
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4. Provision for Future Expansion

@ Electrical demand inevitably grows over time.

@ The initial design must leave physical space for extra
transformers or line bays.

@ Busbars should be designed so they can be easily extended.

@ Control room panels must have spare slots.

Milav Dabgar Substation Engineering 9/15



5. Capital Cost Optimization

@ Engineering is about balancing technical perfection with
financial reality.

@ Over-designing (too much redundancy) wastes public or
company money.

@ Under-designing leads to poor reliability and safety hazards.

@ Selection of AIS vs. GIS, or Single vs. Double bus, depends
heavily on cost-benefit analysis.
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6. Safety and Clearances

@ High voltage electricity can arc through the air.
@ Statutory electrical clearances must be strictly maintained.

@ Phase-to-Phase clearance: Distance between two live
conductors.

@ Phase-to-Earth clearance: Distance between live conductor
and the ground/structures.
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Statutory Clearances (Typical Values)

System Voltage Phase to Earth (mm) Phase to Phase (mm)

11 kV 178 229
33 kV 320 320
132 kV 1300 1300
220 kV 2100 2100
400 kV 3500 4000
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Other Safety Features

@ Substation Earthing System (Earth Mat) to control step and
touch potentials.

@ Lightning masts and shield wires for overvoltage protection.

@ Gravel (crushed rock) spread across the yard to increase foot
resistance and suppress weeds /fire.

@ Fencing and interlocks to prevent unauthorized access.
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Environmental and Aesthetic Considerations

e Noise mitigation: Transformers hum (magnetostriction),
requiring sound barriers near residential areas.

@ Oil spill containment: Pits under transformers to catch leaking
oil, preventing ground contamination.

@ Aesthetics: Using low-profile structures or enclosing the
substation to blend with urban environments.
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@ A successful substation design balances cost with high
reliability.

@ It must be safely maintainable and expandable.

@ Clearances and grounding ensure personnel safety.

@ Environmental impact must be minimized.
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