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3 - Inter-tie Circuit Breaker
4 - LOM protection, Islanding protection, Anti Islanding
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7 - Leased Line

8 - Transfer Trip Scheme

9 - Supervisory Control and Data Acquisition

10 - Inter-tie or Point of Common Coupling (PCC)
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11 - Power Line Signaling
12 - Power Line Carrier Communication (PLCC)
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13 - Over/Under Frequency Method
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14 - Automatic Voltage Regulator (AVR)
15 - Over/Under Voltage Method
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16 - Rate of Change of Frequency (ROCOF)
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17 - Phase displacement Method
18 - Voltage vector shift, Phase Jump Detection and Vector surge relay
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19 - Reverse Power Detection Method
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20 - Power Fluctuation Monitor
21 - Rate of Change of Power (ROCOP)
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22 - Elliptical Trajectory Technique
23 - Rate of Change of Voltage and Power Factor
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24 - Voltage Unbalance/ Total Harmonic Distortion (VU/THD)
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25 - Detection Zone
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26 - Reactive Export Error Detector (REED)
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27 - System Fault Level Monitor
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28 - System Impedance Monitor
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Internal Combustion Engine S5kwW-10 MW
Combustion Turbine 1-250 MW
Micro Turbine 35kW -1 MW
Small Hydro 1-100 MW
Micro Hydro 25 kW -1 MW
Wind Turbine 200 W -3 MW
Photovoltaic 20 W — 100 kW
Solar Thermal, Central Receiver | 1 — 10 MW
Solar Thermal, Lutz System 10 -80 MW
Biomass Gasification 100 kW -20 MW
Fule Cells, PhosAcid 200 kW -2 MW
Fule Cells, Molten Carbonat 250 kW -2 MW
Fule Cells, Proton Exchange 1-250kW
Fule Cells, Solid Oxide 250 kW -5 MW
Geothermal 5 - 100 MW
Ocean Energy 100 kW -1 MW
Stirling Engine 2-10kW
Battery Storage 500 kW -5 MW
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ABSTRACT

The growth in the installation and use of small and medium sized embedded generation,
operating in parallel with utility network has increased a new challenge for protection
and control systems. An important requirement in this subject is the need of protecting
embedded generation against Loss of Mains. Loss of Mains (LOM) or Islanding occurs
when a part of distribution system becomes electrically isolated from the reminder of
the network, but yet continues to be energized by embedded generators connected to the
isolated subsystem. This isolated subsystem is known Power Island.

Various technical guides require that immediately after Loss of Mains, all embedded
generators must disconnect from network automatically and remain disconnect until the
normal supply is restored. Depending the load and the capabilities of the embedded
generator, the power island can continues to operate independently as long as the
frequency and voltage are maintained within required operational limits.

The principle requirement of a Loss of Mains protection method is that it should detect
reliably a Loss of Mains, within specified time. Also the Loss of Mains technique
should remain stable during wide range of disturbances which could affect a distribution
network.

This thesis compares and categorizes some of Loss of Mains detection techniques such
voltage, frequency, Rate of Change of Frequency, active and reactive power method and
analyses parallel operation of embedded generators in distribution system with
simulation of a typical network. The simulation model is consist of an experimental
small synchronous generator with voltage, power and frequency control systems,
connected to the tow bus network. The result of load switching and LOM in simulation
model is studied and the capabilities of various methods are compared.

Keywords : Embedded Generation, Power Island, Loss of Mains, Protection



