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Presentation Overview

Experience with island grids

Foula and other examples: an illustration of the
technical challenges of island grids

Islanding

Summary
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Econnect’s island grid experience

Foula

— commissioning of hybrid system with load management and
pumped storage

— redesign incorporating battery storage
« Rum and Kisiizi — hydro / diesel and load management
e Crete — grid integration of large wind farms
e St Helena — integration of wind turbines into a small grid
* Eigg — network design of a renewable-based system

 Research and development
— distributed load management technology
— control techniques for off-grid operation of wind turbines
— Redox battery energy storage »A
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Foula
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Foula
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Foula’s electrical system

No electrical network until 1980s
Subsea cable not economically feasible

3.3kV distribution network and renewables-based generation
scheme handed over in 1990

System operated and administered by the Foula Electricity
Trust

Feasibility study for improved scheme in 2003

Contract for design and installation of refurbished system
awarded in December 2005
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Design aspects of island grids

Operational aspects

— performance requirements
— operational strategy

— constraints

Distribution network
— configuration

— voltage level

— protection / fault levels
— modelling

Energy supply

Generation and network control
— frequency control / real power balance
— voltage control / reactive power balance
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Foulg — Qriginal co.nfigu_ration
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e 3.3kV cable network
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— no HV switching %
 Ambitious renewables-based system
— plentiful wind and hydro resource

— difficult access for supply of fuel

— pumped storage system

— interconnected control of all generation plant
— autonomous demand-side management

— diesel generator back-up
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Foula — original system
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Foula — DSM-based frequency control
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Criteria for refurbished system

“Mains quality” power supply
— reliable, inexpensive 24-hour power
— ESQCR compliance

Sustainable operation
— robust, long-lived, supportable system
— ease of maintenance (local and remote)

Limited budget
— funding constraints (mostly renewables-orientated)

Planning and environmental issues

www.econnect.com



Foula — revised layout and generation
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« 3.3kV cable network G @
— no change to HV 2| HE
— modified LV protection

» Revised renewables-based system : e
— energy storage [

— planning issues with wind turbines

| X
— increase use of hydro resource
— addition of PV for summer months é 6

— frequency-based power regulation
— revised demand-side management
— diesel generator back-up
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Foula — refurbished system
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Frequency control

Limited and/or variable energy mix
Variable load

Generator control
— diesel / hydro governors
— regulate inverter output

Load control
— centralised v distributed
— load adding and shedding

Bi-directional energy storage
— can improve overall system flexibility and efficiency
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Voltage control

Limited reactive power capacity / fault current

Variable network demands
— unbalanced loads

— charging currents

— network start-up and inrush

Careful network design
Voltage managed by manipulating reactive power

Some load management can assist
— deferred energisation

— soft start on motors

— voltage-sensing load shedding
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Network protection

« Typically low / unsustained fault levels on small grids
 What degree of discrimination is required?
 HV switching issues



Operational issues for island systems

Fuel availablility and cost
Fuel consumption and system efficiency
System reliability / equipment redundancy

Speed of response / repair
— Local skill levels
— Access for maintenance / repair personnel

Consumer relations

— EXxpected reliability

— Acceptance of load constraints / management

— Incentives to save / use energy as dictated by availability

Metering
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Design for Isle of Eigg

No existing electrical network

Community buyout of island 1997

Consultation and feasibility study 2003

Outline design and budget by Econnect Oct 2004
Funding obtained; design contract awarded May 2006

Characteristics

— similar to Foula - more residents (72 properties), longer distances

— more generating sources (hydro, wind, PV) including existing hydros
— large hydro installation at Laig (100kW)

— budget had to cover complete network installation

— agreed limit on domestic supplies (20A)
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Load management

e Product area for Econnect Ventures

 Distributed Intelligent Load Controllers (DILCs)
— low cost and flexible solution
— provide network regulation by switching of many small loads
— load adding when surplus energy available
— load shedding to avoid blackouts / brownouts
— randomised operation to smooth effects
— frequency- and/or voltage-triggered switching
— demonstrated to regulate stand-alone wind turbine
operation within +/- 1Hz
« Development of alternative control strategies
— e.g. web-based
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Load management providing frequency

control

150000 ; 60
=2 system frequency
T 100000 - ‘ ‘ ‘ + 50
S e wind-turbine - - - - - _____
o | | | power generated |
50000 | ---------1{4---------- - Wil ey R o 1 40
7777777 | | 777777777777777\777777 o W I S E
> 5
Clg) 0 30 S
o >
& 7777777777 | : : 7777\77777 N - N 7\ 777777777777777 U S g
50000 { ol TN synghronous compensatory. g
15 load power - varies ' power absorbed
S ”""""T""""T 77777777777 é.UTéFﬁétT@élNTéfrfegfu]éfé 77777777777777777777777777777
€ 100000 | o system frequency . 110
-150000 \ \ \ \ \ \ \ 0
550 560 570 580 590 600 610 620 630

www.econnect.com

time, seconds



St Helena
Diesel-based system with wind generation

o 11kV cable network

« Conventional diesel generation system

o Successful installation of 240kW wind in late 1990s
 Review of operational / maintenance issues 2003
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St Helena — wind / diesel operation
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Islanding v Islands — additional issues

 |dentification of islanded condition
— criteria
— required speed of response
 Transfer into islanded state
— additional operating constraints / requirements
— ESQCR derogation
— change in fault level
— neutral earthing
— demand side management

* Re-synchronisation with main network
e Cost/ benefits
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Summary

 Island networks intensify technical challenges of grid operation

* A mixture of generating plant (conventional, energy storage and
renewables) may provide optimum solution

e Successful operation requires:

— clear identification of performance requirements and
technical issues

— selection and technical integration of appropriate technology

— good relationship between system operators and consumers
(e.g. operational constraints, load management)

— econhomic integration (e.g. maintenance and replacement
strategy, tariff structure, economic incentives from
government)

— continued commitment from system operator
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