RENEWABLE ENERGY (Wind)
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RENEWABLE ENERGY (Wind)

South 132kV substationThe project developer was
DONG (Danish Oil & Natural Gas).

Kedvale Consultants acting on behalf of EDF Energy
was tasked with full design of the protection and
associated light current design for the grid connection
KEDVALE CONSULTANTS WIND of this project. Upon full design of the protection and
SECTOR PROJECTS control including all schematic diagrams and
performance specification, Kedvale expedited a
tender enquiry to select a suitable relay panel
fabricator. Kedvale then produced full installation
detail includindlock wiring diagram and core sheets

The Company founder first became involved in o allow the installation team to progress the project
renewable energy as far back as 1977 when he and tq its conclusion.

two school friends entered an Esso sponsored
schools completion where they built a Darrieus wind Burbo Bank
turbine. The contraption frightened teachers and
fellow students alike and it was exhibited at
Southampton Show in 1978. Two decades later
Kedvale Consultants undertook their firsommercial
wind generation projectin 1998. The project was
Lambrigg Fell Wind Farm in Cumbria. The connection
consisted of a 33kV connectioto the overhead line
network of Norweb.

Burbo Bank is located in Liverpool Bay and is a round
one 90MW installation connected via three 33kV
export string cable. The gridconnectionwas made

to the Scottish Power Manweb network at their
Wallasey Bulk Supply Point (BSPXedvale
Consultants acting on behalf of EDF Energy was
tasked with full design of the i@l connection The
project developer was DONG (Danish Oil & Natural

Lambrigg Fell Gas).

Acting on behalf of N o r Whebnévs substatian avas @ bedinstaded iomaaspagially
Systems team Kedvalsmdertook the specification of challenging plot of land located immediately adjacent
the 33kV switchgear and associated protection and the existingManweb 132/33KkV substation. In order to
control apparatus as well as close liaison with the maximize the utilization of the substation site it was
wind farm developers to obtain a building design that decided to utilize hybrid outdoor GIS 132kV
was suitable for the accommodatiaf the requisite switchgear. The chosen unit f
apparatus. comprised fast making earth switch, circuit breaker
and transformer disconnector. Metering current and
voltage transformers with accuracies suitable for
Code Of Practice Two metering.

Kent Flats

The wind farm is a round one 90MW offshore wind
farm connected by means of three 33kV export
strings and a new 132/33kV substation at Herne Bay
and the refurbishment and requipping of two
double busbar 132kV air insulated bays at €gvury
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RENEWABLE ENERGY (Wind)

The compact 132kV switchgear provided a cable A

connection to a tower sealing end platform,
connection to the grid transformer being achieved by
air insulated bus bars.

The new 45/90MVA ONAN/ONAF grid transformer
is banked with an existing DNO grid transformer
supplying the Wallasey bulk supply point. Both
transformers are controlled via local 132kV
disconnectors Disconrection of the transformersin
the event of a fault being achieved by means of inter
tripping to the GSP substation at Birkenhead.

single storey building was designed to
accommodate afive panel 33kV gas insulated
switchboard, protection and control apparatus LVAC
switchboard, LVDC apparatus.

Staggs Holt

Staggs Holt is an onshore wind farm located some
3kM North East of March in Cambridgeshire and
rated at 18MW.

Kedvale Consultants acting on behalf of EDF Energy
Contracting, was responsible for the Balance of Plant
Tender to the project developer, full motiation with

the developer in respect of the Balance of Plant
installation,  programme  of works, design
responsibility and selection of plant and apparatus.
Kedvale were also responsible for full interface
engineering with the civil engineering contractor
DNO SCADA and Wind Park Control System and
energy metering systems.

The connection consisted of a 33kV wind park feeder
circuit breaker and close coupled 33kV DNO
metering circuit breaker.

The export circuit of some seven kilometers was laid
from the windfarm switchroom to March Grid
Substation 33kV Switchyard using 33kV cables run
through the centre of Marchand crossing a number
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RENEWABLE ENERGY (Wind)

of significant waterways along the route which

. . L - . 800
required horizontal directional drilling techniques

The project developer wakon Renewables. . _ % i
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Little Cheyne Court

Little Cheyne Court is an onshore wind farm located
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on the Romney Marsh area of Kent. The wind farm i
has an installed capacity of some 58MW and is b GROUT BREAER
connected at 33kV by means of a dual ownership - 31 i b
medium voltage switchboard Export power is o S
stepped up to 132kV by means of a 90MVA grid 2 i g"
transformer. The grid transformer is connected via F—. s
132kV cable circuit to an AIS substation forming a = i g% E g
three circuit breaker 0t e 1 e — ¢
the Hasting/Ruckinge single circuit k82 overhead 2 b —— b —
line. : ¥ ‘ET i ]
= v = e ", e |19
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Kedvale Consultants acting on behalf of EDF Energy _ :T T,
Contracting, was responsible forconceiving the T i N
power system topology d be adopted for the A f:DImDIB"
connectionand preparation for the scope of works Z CCITTTITIITrrTors,
required at the point of connectionKedvale were ” = 9

also responsible forthe specification of thenew
132kV air insulated switchgearA(S for the new
connection substation to be built at Appledom=nd .
protection works for the remote ends at FRONT ELEWVATION
Hadings/Rukinge and Rye 132kV substations,

together with the povision of full protection design

for the various sites hamely:

Hastings

Baldslow

Rye

Ruckinge
Appledore

Little Cheyne Court

=A =4 =4 4 -4 -4
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RENEWABLE ENERGY (Wind)

Thanet

Thanet Off shore wind farm is a 300M\Wwund two
installation located of the South Kentoast near
Margate. The installation comprises an offshore
platform substation comprising:

T Two 150MVA double
132/33/33kV Grid transformers.
Two 33kV switchboards

132kV switchgear
Earthing/auxiliary Transformers
Neutral Earthing Resistors
Protection and Catrol

Welfare and refuge

Standby Generation

LVAC and DC systems

secondary

=A =4 =4 -4 4 -4 -4 -4

The export circuits consisted of two 132kV cable
circuits each rated at 150MVA.

The export circuits terminated at a DNO 132kV
transmission substation at Richborough. The

Richborough sub statn was also the site of the
requisite reactive power compensation apparatus
required to achieveyrid code compliance.

Initially acting on behalf of EDF Energy Contracting,
Kedvale Consultants were responsible for the full
EPC (Engineer Procure and Congttl Tender for
the Onshore substation and reactive power
compensation apparatus, the onshore cable design
and installation and the Offshore substation platform
including topside design and build.

Working closely with EDF Energy Legal and
Procurement teams, Kedvale quickly produced
specifications for the major apparatus and sought
competitive costs. Substation layouts were produced
for both on shore and off shore and detailed civil
designs produced.

Kedvale then approached appropriate civil
contractors andplatform fabricators both in the UK
and Europe, to ascertain detailed sub contract cost
elements in order to build a comprehensive bid.

Kedvale produced a comprehensive bid on behalf of
EDF Energy and came second in the bid process.

Kedvale Consultants alsacted on behalf of Garrad
Hassan & Partners as Electrical Systems Package
Manager duties included quality assurance review of
submitted design s involving:

Topside Fabrication
Protection Systems
Primary Plant

SCADA

Metering

Export Cables

Array String cables
FACTS

Safe Systems of Work

=4 =4 =4 4 -4 -8 -8 -
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The duties also entailed a great deal of intiscipline
coordidation.
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RENEWABLE ENERGY (Wind)

Tees Bay (Redcar)

Initially acting on behalf of EDF Energy Renewables,
Kedvale Consultants were asked to review the
connections offer made bthe incumbent DNO. The
figure of some£20 million was such that the viability
of the wind farm was in doubt.

Kedvale Consultants rapidly carried out a survey of
the intended export substation and the connections
route of some 11kM to the Grid Substation.eldvale
Consultants then set about a full costing exercise,
producing interim specifications and presenting these
to approved vendors to obtain definite costs.

Kedvale Consultants then participated in meetings
with the DNO to understand the apparently
disproportionate connections cost. Further to these
deliberations recommendations were made in respect
of particular wind turbine generators.

In the second phase of the works Kedvale
Consultants working in conjunction with Garrad
Hassan & Partners assistedtire FEED study (Front
End Engineering Design) Kedvale produced a detailed
substation layout to ensure adequacy of the plot size
and elevations to enable planning to proceed. Kedvale
also produced a performance specification to enable
tendering of the projet to proceed.

The project developer is EDF Energy Renewables.

In the third phase of the project Kedvale provided
technical design services to ABB for theopision of
a 66/33kV Connection Substation featuring:

1 66kV Hybrid GIS Metering Circuit Breakers

=A =4 =4 4 A -4

=a =

Two 66/33kV  ONAF Grid Transformers
with OLTC.

33kV five panel GIS Switchboard

Neutral Earthing facilities

33/0.4kV Auxiliary transformers.

LVAC switchboard

72h Autonomy DC System

Protection & Control System IEC 61850
Comms bus infrastructure

Substation Control System

Fiscal Metering

TORE oL +22%m

4500080 R ] [
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RENEWABLE ENERGY (Wind)

Gwynt Y Mér independent static reactive power compensation
apparatus and indoor 33kV gas insulated switchgear
comprising three bus sections and air utated
outdoor 132kV switchgear.

Kedvale Consultants assisted in the preparation of
the final bid and post submission negotiations with
the client RWE.

Located of the North Wales coast the project
consists of the establishment of a new 400kV
substation proximate to St Asaph containing, other
than NGT assets, two unlicensed 400kV double bus
bar Gas Insulated Switchgear bays, 400/132kV ji“
240MVA autotransformers; 132kV  OFTO GIS "’i!,,,.»
building and associated GIS switchld: reactive ’ 41
power compensation apparatus and associated filter :
equipment.

~

|
i

Offshore two topside substations comprising, 132kV
switchgear, 180MVA 132/33kV grid transformer;
33kV switchgear; fire fighting systems earthing
transformers; LVAC systems.

The 132kV AIS Switchgear was b arranged in a
three corner mesh topology with two 132kV section
circuit breakers. The 132kV export system will
comprise two 10Km cable circuits and associated
optical filbe pilot and communication cables. The
cable route will comprise substantial sections of cable

Loscar is a small three turbine installation in |ajd in the public highway and sections laid through
Yorkshire south of Sheffield. Kedvale were contacted fgrest tracks.

by the developer to provide assistance in facilitating

factory acceptance test on protection and control ~ Connection to the 400KV transmission system was to
panels and relay setting files together witte factory be established by means of a new doubls bar, air
acceptance test and inspection and test plan insulated switchgear substation be constructed at
associateda large distribution transformer used to Rhigos. The substation woulgrovide substarial

Loscar

effect the connection to the DNO. reinforcement to the Western Power Distribution
132kV transmission network and this portion of
Pen Y Cymoedd 6Regul at edd wor k i s out si de

connection scope,which was to comprisea single
end bay comprising 400kV AIS bus bar selector
disconnectors, live tank circuit breakers, Code Of
Practice 1 high accuracy metering, two 240MVA
400/132kV Auto transformers associat&dOkV HV
isolators and 132kVsecondary dead tank circuit
breakersand associated isolatars

Pen Y Cymoedds a 300MW on shore wind farm to
be built in South Wales at the top of the vallegsar
to Merther Tydfil The area is extensively forested
and is at significant height above sea level.

The initial scheme design foresaw the installation
some 80 to 100 wird turbines dependet on wind
turbine selection and planning criterion. An extensive
33kV inter array distribution system wilie installed
so as tobring the exported power to an extensive
132/33kV substationperceived to comprisesome
three 132/33kV120MVAgrid transformers three
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RENEWABLE ENERGY (Wind)

Kedvale Consultants provided full Electrical Design
support to ABB for the projectin order to tender
the works to the developerResponsibilities included
specifying switchgear, transformers, and protection
and control apparatus.

Substantial value engineering was undertaken to
rationalize cost and maintain system availability.
Kedvale redefined the plant apparent pawatings

of the two 400/132kV supergrid auto transformers to
be installed at Rhigos 400kV substation from the
National Grid standard preferred rating of 240MVA
to 150MVA. This enabled a similar rationalization of
transformers to be expedited at the Pen Gymoedd
132/33kV substation, where three 120MVA units
were replaced with two 150MVA units.

Following the rationalization of the grid transformer
numbersKedvale were able to reduce the number of
132kV circuit breakers to be installed @en Y
Cymoedd from seven to three by appropriate
enhancement to the protection design. This
refinement of the design brought about substantial
cost savings through a much reduced 132kV
switchyard footprint which greatly benefited the civil
engineering cost. Further spaceavings where
realized by means of the use of composite Gas
Insulated Switchgear for outside application.

Further construction cost savings where realized by
means of the use of distributed préfacated relay
rooms for the 40kV System protection apparatus

Kedvale scope of works entailed:

1 Specification of 132/33kV QMVA Grid
transformers

1 Specification of 33kV switchboard

1 Specification of 400,132 & 33kV system

protection.

Specification of Earthing Transformers

Specification of Reactive Compensation plant

auxiliary transformers

Specification of Neutral Earthing Resistors

Specification of 400V switchgear

Specification of standby generator plant.

Specification of 33kV Cables

Specification of principal 600/1000V cables.

Specification of DC systems.

Specification of ancillary apparatus for 33kV

AIS bulk Passive reactive compensation.

=a =
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During the construction phase of the project the
developer Vattenfall, approached Kedvale Consultants
to provide design and project management support.
Kedvale assistedith a review of progress and design
assurance in respect of protection, dynamic reactive
compensation, LVAC provisions as well as reviewing
calculations for system studies and grid code
compliance.

Scarweather Sands

Scarweather Sands was a round one offshgroject
located off of the South Wales cost adjacent to the
steel plant at Port Talbot. Kedvale Consultants acting
on behalf of EDF Energy first prepared all project-pre
qualificationsto enable EDF to participate in the
tender process.

Kedvale then fly participated in the second phase by
preparing designs and providing full tender cost build
up for a 132/33kV substation as 3kM of 132kV trident
overhead line.

Upon receipt of the tenders the project sponsors
concluded that the project was not viable dte the
perceived high cost of the wind turbines prevailing at
the time.
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RENEWABLE ENERGY (Wind)

Walney Extension 400/220kV
Substation

Acting on behalf of Danish Oil and Natural Gas
(DONG) Kedvale Consultants provided technical
assistance in the procurement of 400kV & 220kV C
type power filters and associated AIS banking
connections, together with the managingf
protection, control and civil engineering interfaces,
for the 660MW extension to an existing wind farm in
Morecambe Bay Lancashire. Kedvale also liaised with
National Grid in respect of the provision of
unlicensed (ie not regulated by OFGEM) 400kV gas
insulated switchgear bays.

The project consisted of :

1 Prousion of a 400kV connection, consisting
of a double bus bar switchroom using gas
insulated switchgear and line turn in facilities,
pictured above.

1 400kV Cable connection between NGC &
Client substation.

1 Banking compound for 400/220kV Supergrid
Transformer, 400kV type C 60MVAr filter
and shunt reactor.

1 220kV cable connection from SGT to single

bus indoor 220kV  Gas insulated
switchboard.

1 Two 220kV 115250MVAr variable Shunt
Reactors

Two 220kV 100MVAr filters
Two 220/22kV DRC Couplingransformers.
Two 220KV import cable circuits.

Two dynamic reactive compensators rated
at+140MVAr.

= =4 =4 =4

The 400/220kV substation site was challenging as it
was to be hilt on marsh ground and substantial deep
soil remediation was required necessitating the
driving of over 2000 piles.

Largeconcrete in situ concrete bunded areas were
constructed for the containment of oil filled apparatus
together with blast wallsso as to accommodate
Supergrid transformers and shunt reactors
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RENEWABLE ENERGY (Wind)
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Filter compounds were built to accommodate the
discrete components forming the filters.

A
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The filter elements are connected in star and
comprise a main capacitéyank connected in a bridge .
circuit with an out of balance detector connected [scwm
across the parallel elements so as to determine
whether integral fuses have ruptured. An auxiliary - o=
capacitor is connected in series with an inductor r.n
which act as a tuned circu#t resistor is connected in !
parallel and allows measurement of the higher order
harmonics which is attenuated by the tuned circuit. A
surge arrestor is provided to protect the resistor
units. In this instance two parallel resistors were
furnished so as to idsipate the appropriate power
level.
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The filter is provided with a main overall differential ' %
protection scheme which include 400kV hairpin CTs R,

on the line side of the filter and neutral CTs provided R

near the earthed star point. - e

-y
wes
e
o
wore
FLTER1

Each of the three parall@aths through the filter, the
tuned circuit and two parallel resistors is equipped
with current transformers. This provides thermal
protection to the resistor and reactors and also
detects resistor open circuit conditions.
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RENEWABLE ENERGY (Wind)

Galloper Offshore Windfarm

Galloper is a 300MW windfarm of the coast of
Suffolk. It is connected toa 132kV Substation
adpcent to the existing National & substation at
Liestonwhich is close to the Sizewell Nuclear power
station.There will be two 132kV export cable circuits

running from the onshore substation to an offshore
platform substation.

The offshore platform Substation comprises:

1 Two incoming 132kV GIS Circuit breaker

1 Two 150MVA 132/33/33kV  ONAN/OFAF
Grid Transformers

1 Two 33kV GIS Switchboards

1 Two 33kV Earthing Transformers

T Two 33/0.4kV Earthing and Auxiliary
Transformers

1 Two Neutral Earthing Resistors

I 110v DC OFTO Battery and Charger
systems

1 110V DC Windfarm Battery and Charger
systems

1 OFTO SCADA Systems

1 Windfarm SCADA Systems

1 Emergency Shutdown Systems.
1 Anemometry Apparatus

1 Marine Navigation Apparatus

1 20kVA UPS

1 400V Switchboard

1 400V 200kV Standby Generator
1 Protection Suite

1 Air Handling and conditioning plant
1 Fire Suppression equipment

1 Crew room/Control Room.

Kedvale Consultants were tasked with managing the
design process for the offshore platform substation to
ensure that designs are consistent hvitthe
employe®d requirements, project specifications
natioral and international specifications

All design output undertaken by the Engineer,
Procure & Construct contractor (EPC) was formally
submitted through a commercial documentation
control system and the results of the design
assurance scrutiny was formallycorded in a review

template.
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All non-conformances were recorded and subject to
detailed analysis to ensure safety, efficiency, and
operability were not compromised. Where nen
conformances were deemed acceptable a formal
Design Derogation instrument wageated giving a
full engineering rational behind the decision.

All such material was collatedép | aced in a oDat a
Roomé in a manner prescribed by Ofgem so as to
allow the Offshore Transmission Operator auction to

Figure233D Model of Substation Topside
take place.

Figure24132kV GIS Undergoing Factory Acceptance Testing
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Figure2533kV Switchboard Undergoing Factory Acceptance Test
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Figure2Galloper Offshore Hub 132/33kV Substation Platform CAD 3D
Model
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