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Abstract instance, the development of on-shore wind teclgylo
has generally moved gradually from such small scale
In considering the grid connection of ocean energ¥mbedded generation plant to the large wind fams i
devices, and in particular, the connection of largeyperation today, and is now steadily moving towards
offshore arrays, there are a number of technicdl anthe dep|oyment of very |arge scale offshore wind
non-technical challenges that need to addressed Rjeneration. This development curve has been relgtiv
wave energy device developers. As device developegpntinuous (in terms of gradual increase in typical
approach pre-commercial operation, grid connectiomower output) and by means of this approach, much
factors will become increasingly significant in bot yajuable experience in the grid integration of wind
technical and financial terms. In this paper someower has been steadily gained, both from the
generally applicable technical and non-technicaljewpoint of developers and grid operators.
challenges are examined. A grid connection costing Clearly, grid integrated WECs do not lend
case study in the Irish context is performed as ghemselves to such a development path. The actual
practical indicator of these issues. development of the devices themselves should fatbw
the recommended scaling protocol [1], however,estal
Keywords wave energy, grid connection, cost study, WECs are usually not grid connected due to the cost
generators. associated with the grid connection itself, whiohuld
render redundant the entire philosophy of the wave
energy development protocol, although there isqash
an argument for the deployment of temporary grid

Nomenclature

UPS = Uninterruptible Power Supply connections for scaled WECs that are tested at sea,
WEC = Wave Energky Converter above a certain power level.
CB = Circuit Breaker At the prototype stage, the grid connection of full
CT = Current Transducer . . o

- scale or pre-commercial scale devices is likelyo&o
VT = Voltage Transducer funded b . defined
SCADA= Supervisory Control and Data Acquisition unae y governme_nt agencies, at predefined test
SG = Synchronous Generator sites, as |s_the case in Ireland, thg UK, I?or.tuagmi
DFIG = Doubly Fed Induction Generator Spain. In this regard, developers will remain fieky
PMG = Permanent Magnet Generator shielded from the technical and cost implicatioris o
SCIG = Squirrel Cage Induction Generator grid connection However, once wave energy
LCTA = Least Cost Technically Acceptable developers move to commercial operation, they will
PCC = Point of Common Coupling immediately be faced with this very significant
THVD = Total Harmonic Voltage Distortion

1 Introduction

The integration of ocean wave energy converter§
into a national electricity grid represents a digantly
different challenge to the integration of most othe
renewable technologies such as on-shore wind, sol§
photovoltaic, biomass, hydroelectricity etc. Apfam
fundamental
particularities of the different
themselves, there exists a divide in terms of &iétha
and economics of scale. Most of the aforementione
technologies readily lend themselves to local small
scale and even domestic embedded generation. F

the

distinctions in
energy
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terms of
resources!

challenge.

Some of the more important aspects of this chafleng
are outlined in this paper. These are subdivided in
rid-side challenges, and generator-side challenges

where the latter represent the implications on geoe

selection and design that are a direct result ad gr
Pnnection requirements. A costing case study is
carried out to illustrate the effect on developmeogts

of these factors. It is anticipated that, initiallwave
power device arrays will be connected to the
distribution network. This effectively limits rated

gower outputs to 10-20MW for a wave farm, and it is

on such a size of system that the case study is
?rformed. Larger farms will require direct conneat
0 the transmission grid.



2 Grid-Side Challenges wave generator to the grid is depicted. A shallow
charging regime would mean the developer must pay
It may be considered that obstacles or challenge®r the items marked in red, to the left of the rgho
related to the electricity grid infrastructure amet the  connection point, and some or all of the items radrk
responsibility of ocean energy device developetss T in blue up to the point of connection to the exigti
is however only partially true. While it is incumiieon grid. For a deep charging regime, any upgrade redui
national grid operators to strategically developith to the existing network transformers, breakers, and
infrastructure, and to plan for the likely locatiar power lines, due to the presence of the new gemerat
future large-scale generation, they are under raiBp  would have to be covered by the developer.
obligation to do so. Furthermore, depending ongtin Deep charging is marginally prevalent within the EU
connection charging regime in operation within the[2] despite the stated preference of EU policy enak
jurisdiction, the device developer may have to cave for shallow charging regimes for the encouragensént
significant proportion of the costs associated veitty  renewable energy generation. However, this sitnati
required infrastructural upgrades to the elecyicit does appear to be changing with more countries
network resulting from the connection of the NeWrecently migrating to shallow charging regimes. pee

generation plant. charging is usually coupled with a significant degof
_ _ negotiation between the developer and the network
Charging Regimes operator, in order to determine the exact costs of

ar<éonnection. This negotiation process has been asen
generally known as ‘deep’ charging and ‘shallow PUtting the network operator in a position of syin

charging. Under a shallow charging regime, theanOI along W|th'a._lack Qf transparency, has put
developer is required to pay for the cost of a”developers at a significant disadvantage.
engineering works up to the point of the grid
connection itself. This charge usually includes the’SeOf System Charges
connection assets, i.e. substation and associat@gpart from specific connection charges many network
equipment and may include any extensions requed foperators apply Use of System (UoS) charges [20 3]
the grid, between the existing network and thegenerators for the bulk transmission of the geeerat
connection point. In cases where the grid operatognergy to the load centres. Often, the cost ofesyst
covers the costs of any network extensions, theneg upgrades and reinforcements are recouped via these
is termed ‘super shallow’. charges, particularly in shallow charging regimes.
Within a deep charging regime, extra costsRecouping the costs in this manner shares them
associated with upgrades and reinforcement of thgetween all generators. The UoS charges can be
existing network due to the connection of the extrgocation dependent if there are particularly high
generation must also be covered by the developefeinforcement costs or transmission losses assakciat
Some countries offer a ‘semi-shallow’ regime whereb with a given region. UoS charging policy varies elid
the developer pays only a proportion of the networlacross the EU, with a significant proportion of
upgrade costs, based on the proportion of the powgbuntries that do not apply them at all. In theases,
produced by the developer to the total power flowthe costs of reinforcing and maintaining the eleityr

through the elements that must be upgraded. network are borne by the electricity end user.
An illustration of the connection charge concepts i

provided in Figure 1, where the connection of a new

Q MV HV Extension

The two main connection charge approaches

|
D (T —(OT
Q Breakers
Offshore Generator Subsea Connection Existing
Farm Cable Substation Grid
Shallow Deep

Figure 1: lllustration of connection charging setup

specifically outlined as shallow charges, with the

generator being liable only for ‘connection assedsd
The connection charging regime in Ireland is mixednot for ‘system assets’ [4]. Connection assets are

Connection charges to the transmission system adgefined as those assets, which are installed to enable

Chargesin thelrish context
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the transfer of the Maximum Export Capacity (MEE) o renewable source. Hence, power electronics frequenc
the Maximum Import Capacity (MIC) of the User’'s converters are typically employed either in theorot
facility, to or from, as appropriate, the Transniiss circuit — in the case of doubly fed induction gexters
System for the term of the Connection Agreement i(DFIG) — or in the stator circuit, in which caseeth
accordance with the Grid Code and Transmission andienerator machine is typically a permanent magnet
Distribution System Security and Planning Standard§PMG) or separately excited, synchronous generator
and those assets which are installed as a resuthef (SG), or a squirrel cage induction generator (SCIG)
User's effect on fault current levels on the traission  The advantage of the DFIG configuration is that the
system at the transmission node to which the Usemting of the power converter is usually limited2%%-
connects, but does not include any assets instated 40% of the generator power rating, thus savingast ¢
any location other than the transmission node tictvh and efficiency. The tradeoffs between the various
the User connect44]. Charges are calculated based ongenerator options in terms of environmental
the Least Cost Technically Acceptable (LCTA) methodconsiderations, energy efficiency, cost and reliigbi

[4, 5], and reflect the cost of constructing, ifistg, have been examined in [6]. In this paper, the arike
and maintaining the connection assets. This methoof grid connection requirements on the generator
determines the cost based on the cheapest commectichoice is considered.

arrangement that would satisfy the appropriate grid

code requirements. If the system operator decides Distribution and Grid Code Requirements

actually build the connection on an alternativeteou
the charge applied to the generator will remainhat
LCTA level, unless the generator specifically resjaea
more costly alternative, and this request is gante
These charges do include any decommissioning cos
associated with modification of the existing
transmission network in order to incorporate thevne
generation equipment.

Connection charges to the Irish distribution networ = o .
are handled in a similar fashion, although a chasge migrate to the transmission network. The Grid C[8]e

applied for those reinforcement works on theWiII then _become the appropriate  regulatory
distribution network that are required to enable th document.at|on.. I .

generator to export maximum capacity [5]. This is The lrish .d|str|bu't|or? network nominal voltage
essentially a deep connection charge for distidouti levels are defined as indicatedTisble 1

The Distribution Code [7] is a scheme of regulagion
and requirements, both technical and non-technical,
which is applicable to electricity generators whose

uipment is connected to the distribution netwdirls
ikely that in the short to medium term, the distrtion
network will be the likely point of connection farave
energy generators. As power levels and wave farm
scale increases into the future, connection poiills

network connections. Low Voltage (LV) 400V

Transmission UoS charges in Ireland are location- Medium Voltage (MV) 10KV
linked, and are also based on maximum export cgpaci 20kV
[3]. This situation is not favourable to ocean epyer High Voltage (HV) 38kV
developers since the remote location of most ocean 110kV

energy particularly off the north-west coast ielikto . _
incur a significant location-based UoS charge. Table 1: Distribution Network nominal voltage levels.

Likewise, charging on the basis of maximum capacity The Distribution Code sets regulatory limits on the
is unfavourable to renewable energy sources inrgéne technical performance of generators connected eo th
due to their low capacity factor when compared withhetwork. These are outlined in the following seusio

traditional generation sources. and their potential impact on the selection andgies
of an appropriate generator and associated power
3 Generator-SideChalIenges electronics (if required) and control system are

discussed. The general Distribution Code requirgsnen

The selection of a generator type for wave energys well as those specific to wind turbine genesatme
converters (WECs) is an issue that involves severghyen into account, under the assumption that the

tradeoffs. These include cost, environmental f&tor yoquirements for wave energy generators will be
generation efficiency, reliability, as well as grid somewhat similar to those that have been develtped
connection  suitability. For most WECs, with the ying energy. The Grid Code requirements are broadly
exception of direct-drive linear motion devicese th gjmijar to the Distribution Code requirements and i

generator will typically be a rotating electricaboine 5t they overlap for the higher power connections.
which is either directly grid-connected or conndcte

through a power electronics converter. The vask|icker

majority of traditional fossil fuel based generatigant

consists of grid-connected synchronous generatbrs. The flicker emission limits at the Point of Common
similar manner to other renewable energy technekgi Coupling (PCC) are set to the following values:
however, this choice is not usually desirable. Tgfiy, *  Short Term Flicker Severity,g=0.35

some level of generator speed variation is requined « Long Term Flicker Severity, P=0.35

order to optimise power take-off and matching te th
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as defined by the flicker standard EN 61000-3-7 [9]Reactive Power Requirements
The flicker requirements are important in the cgnhtd
the generator control system. Wave energy is by it
nature pulsating, and while the pulsation frequesici

tend to be significantly lower than those wherek#ir is that the power factor measured at the PCC be

limits are most stringent, the amplitudes can bey ve between 0.92 and 0.95 for active power outputs

large. Thus, care must be taken to ensure that the 0 0 . . )
flicker emission limits are not breached. This hagaetween 65% and 100% rated. This requirement is

implications for the generator control system,tasay relatively loose and would allow most generatoretyp

) ) . to be utilized. However, for larger generators

involve some power smoothing to reduce the pulsatio . ' ; ’
amplitudes. Power smoothing generally involves som glrw:eocrtetg tLOe iigfétﬁgtw'\g\rllisgkxi dréo;,:\ir ;t;ct:,?glcbus
mechanical or electrical energy storage in the ggoe owér capability is re uired An exan? le of this

system. This imposes the requirement for some aria P P y d ' P

speed control capability and/or power eIectronicsrequlrement is illustrated in Figure 2, for Type B

. X generator connections, i.e. generators with rategep
converters with electrical energy storage. output >5MW and connection to a dedicated MV/38kV

power station. Moreover, for these larger genesator
some level of voltage regulation is required which

The limits on Total Harmonic Voltage Distortion imposes a requirement on the generator system for
(THVD) at the connection point are listed in TaBle controllable reactive power output.

For relatively low power generators and farms
?<5MW) and/or those connected to loaded bus bars or
distribution lines, the only reactive power requient

Voltage Distortion

Voltage L evel Total Harmonic Voltage
Distortion (%)

Active Power
110%

LV 2.5
MV 2.0 7§ eEr %
38kV 15 % = %
Table 2: Voltage Distortion Limits. // 70 \\

These limits are important in the context of any

power electronics controllers being used in the ¥y

generator system. Power converters are non-linear bi

devices, which inject harmonic currents into the #

network. The magnitude of these harmonic currents 2

must be limited in order to avoid exceeding the THV 1

limits, particularly in relatively high impedance 0% 085 08 085 1 035 o8 035 0%
distribution networks. Power converters typically Leading Power Factor Lagging
incorporate grid-side filters in order to reducee th

harmonic currents injected to the grid to acceptabl Figure 2: Reactive Power requirements for Type B
levels, however if the grid connection is weak and a generators.

high impedance, the THVD may exceed the required

limits and further filtering may be required. Fault Ride-Through Requirements

The requirement to remain connected to the grid
during network faults is a requirement that is now

The maximum allowed voltage levels at the PCC ar@eing imposed on wind turbine farms >5MW, and there
outlined in Table 3. is no reason to believe that the situation will &gy
different for wave farms. For such turbines conedct

Maximum Voltage L evels

Nomlr;a:tglo\coltage MaX|m121r5ng://0Itage to _the M\(/38kV network, the voltage-time profile_
200V 240V during which the generator must stay connected is
illustrated in Figure 3. Moreover during the vokadjp,
10kv 11.3kV the generator is required to provide active powepuat
20kV 22.5kV in proportion to the retained voltage, and also to
38kv 43.8kV maximize the reactive current output to the disititm
110kV 120kv network, within the limits of the generator. Thide-

Table 3: Maximum voltage levels at connection point  through capability requirement has a significanpact

. . _on the generator selection.
The pulsating nature of wave energy and its high

peak to average power characteristics can result in
significant voltage variations at the PCC, unlessias
power smoothing is implemented. This again suggests
the requirement for some variable speed control
capability and/or power electronics converters with
electrical energy storage
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also published material indicating the potential
unsuitability of the doubly fed induction generafor
Gag,  TRutide ThiongtiCapabiity af Wind Generation offshore wave energy devices due to its maintenance
requirements [6].

In summary, assuming a farm power output of
>5MW, it would appear that generator options that
include a full power electronics conversion integfa
between the generator and the network are the most
suited to the wave energy converter under

20%
80%

18% - : consideration, as a result of the following
1 e i . = considerations:
R T W « The requirement for variable speed control in

order to optimize power take-off, reduce flicker,
smooth output power, and provide active power

Figure 3: Fault ride-through capability for windhines

>5MW connected to the MV/38kV distribution network control as required by the distribution code.
* The requirement for controllable reactive power
Active Power Control Requirements output and voltage regulation
* The requirement for reliable fault ride-through

For generator farms with outputs >5MW, the ability operation
to control the active power output, both in resgotts These issues are summarised in Table 4.
grid frequency changes and in response to on-kte s
points from the system operator, is required. Moeep | Generator Type | Grid Connection |ssues

the rate of change of power must also be contrglab | Direct grid- Cannot provide reactive power
within the limits of the renewable energy source 1af coupled SCIG control, fault ride-through, of
change. It is also specified that the power controkt voltage regulation. A very limited
be carried out by proportional variation of powetput speed control range is possible for
in individual generating units, rather than switghiin flicker reduction and grid power
and out of individual units. smoothing.

These requirements place constraints on theDirect grid- Can provide reactive power
generator control system rather than on the specifi coupled SG control, voltage regulation and
generator technology itself. For instance, cordiué fault ride-through. No speed
blow-off or bypass valves to reduce power output, 0 variability, so power smoothing
aerodynamic/hydraulic power control through prime for flicker and voltage distortion
mover speed changes, are likely to be necessary. control is not possible.

DFIG with rotor | A reasonable speed control range
Implication of Distribution/Grid Code power electronics| is available for power smoothing
Requirementsfor Generator Selection and Control and flicker reduction. A limiteg

amount of reactive power control
and ride-through is possible.

SG/PMG/SCIG | A wide speed control range
with stator power | available for power smoothin
electronics and flicker reduction. Voltagg
regulations, significant reactiv
power control and fault ride
through are available. Powg
electronics trip current levels ma
result in early disconnection when
feeding a heavy fault.

If it is assumed that the proposed wave farms wil
operate at total power levels greater than 5MWn the
the reactive power and fault ride-through requiretae
described previously effectively eliminate the
possibility of utilising fixed-speed direct gridgpled
generators. The direct grid-coupled self-excited
induction generator cannot provide reactive poveer t
the grid, nor can it maintain its magnetizatiorotigh a
sustained voltage dip, without an external reactive
power and voltage support mechanism, such as & Staf
VAR Compensator. However, the likely requirement
for wide ranging speed control in order to optimize Table 4: Generator Issues
power take-off and provide means for active power
control, further militates against this option. &iise, Dynamic M odels
although the direct grid-coupled SG can provide
reactive power and fault ride-through, it has neesp

D PTQ

D
-

<

The developer is also required under the grid codes

o : o : . : to supply the transmission operator with dynamic
variability, which militates against this choiceifn the .
y g Imodels of the WEC generation plant, to be

oint of view of energy efficiency and mechanica X . S ;
P 9y y incorporated into dynamic grid simulations for the

robustness. The fault ride-through performancehef t . .
DFIG has come under considerable scrutiny, du¢sto jpurposes of stability and disturbance assessmédvet. T
' gurrent simulation package in use by the majority o

prevalence in wind turbine generators. It has beeli. , .
shown to be significantly more sensitive to gridifa grid operators is PSS./E from S_|emens PTI. The
development of dynamic models is a complex and

than those generator options with a full power
electronics conversion interface [10]. The authes h
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difficult process, and is made more so by the multigroups of 5, with each group being connected to a

dimensional responses of wave energy devices. central floating substation. This scheme is illatgd in
Figure 6. The actual implementation of the conmecti
4 Grid Connection Case Study mechanism is not considered here, but is simply

assumed to be possible. In similar manner to wind

A case study of typical costings faced by a dewvalop turbine plant, each WEC is assumed to contain an
in respect of the generator equipment and gridV/MV transformer and associated switchgear. The
connection has been carried out and is detailelisn  cabling between WECs and the floating substation is
section. This case study assumes a 20MW wave farfen considered to be dynamic (flexible) MV cable,
connected to the Irish distribution network at #age  which is not required to be buried, due to the ki
level of 38kV. This is considered to be a represtreé  presence of trawlers or anchors within the bouredari
study for early commercial wave farm developmentpf the wave farm. A floating substation is proposed
and also represents the upper end of power lekely |  since it is likely to be more cost effective thafixed
to be distribution connected. The location of thee  structure at 60-90m water depths, and since a deabe
study is placed at the wave energy test site offonnection device is highly non-standard, and mesui
Belmullet [11], Co. Mayo, along the north-west significant diver involvement with the associateslth
coastline of Ireland. Bathymetry studies have bee@and safety issues and costs. The cable to shdrbené
carried out at this location, so it is possiblegemerate static 38kV rated cable, which will require rock
a reasonably accurate estimate of subsea cablgoloca protection over 1km of its length [11], and will be
and length. The test site location is illustratedrigure  buried where the seabed permits.

4 within the red line boundaries. Interconnected

WECs

O—/— -1
O O\gd 0o

Floating SS To Shor

O0Oo0O00
OO0 000

Figure 6: Wave Farm Layout

Offshore Electrical Equipment

Apart from the electrical equipment on board each
The electrical network layout in the region is WEC, consisting mainly of generator, power
ilustrated in Figure 5. The power lines in the CONversion, control and safety equipment, transéorm
immediate area are chiefly MV lines with a 38kV and switchgear, the main offshore electrical eqeipim
connection point available in Belmullet town. Ttigs is located on the floating substation. This wilhsst of
shown in the left-hand plot. The right-hand drawingtW0 1OMVA MV/38kV step-up transformers with
only illustrates the local MV distribution lines.h@ associated busbars, disconnect switches, conngctors
nearest 110kV station, Bellacorick, is about 30kemf @nd protection circuit breakers. An LV tapping, DC
Belmullet (the first black substation connectedtiie ~ SUPPly and some level of UPS backup are also litely

38kV line in the left-hand plot). be required.

38kV .
nV\\

Onshore Electrical Equipment

The onshore equipment is projected to be located in
a new substation at the nearest point possiblalitec
landfall. It will consist of the following items:

» 38KV busbar

« 38kV switchgear (CBs, CTs, VTs, Disconnects)

« Metering equipment

Figure 5: Electrical network layout in Belmullet are + Control room with SCADA controller and
satellite communications unit
Projected Wave Farm Layout » Small LV house supply transformer and DC UPS

) It is estimated that a 200mx50m plot will be addqua
The projected wave farm layout assumes 20 wavgy this size of substation, including access aakipg
energy devices rated at IMVA each, spaceqygjjities. This will mark the limit point of the
approximately 500m apart in an array of 4 deep &and developer connection assets.

across. The area of the farm is thus approximately
3kmx3km. The devices are connected together in
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Network Upgrade Equipment provided by the Irish Commissioner for Energy
Regulation (CER) for new generators in 2009 [12].
table lay cost estimates have been sourced from ABB
estimates, and from [13] and [11]. Generator and on
board equipment costs have been derived from [id] a

In this particular case study, the network operato
will be required to install approximately 9km ofwe
38kV line from the onshore substation connectioimipo

to the nearest 38kV connection in Belmullet towhisT [15] with 2002 costs escalated to 2009 levels usireg

:2 gziucr;%dt;obZel%%e!rh!e!aCd lgr;zeilngnt?ﬁecog\?vlé?:; tOProducer Price Index for the appropriate equipment
. S P *XP [ypes, as provided by [16]. Land costs and civifkgo
requirement. The substation in Belmullet contains &

; . .— costings have been estimated from average cumisht |
single 5SMVA 38kV/MV/LV transformer [11], so it is . . . =
Iikeglly that an extra 38kV cubicle will be[ re]‘quirédr prices and have been validated against similairsst

the incoming connection, with its own switchgeahneT Erﬂthe Wave Hub development in South West England

existing 38kV line from Belmullet to Bellacorricls ia Since the grid connection point is on the distiit

100SCA rated overhead line. It is likely that thige . .
will also have to be upgraded to 150AAAC, since thenetwork, the charging methodology will be deep, and

. i . ; . so the developer will be exposed to all of the ost
predicted regional winter peak MVA in 2012 is oBly . . ; . ; : .
10MVA. Hence, in off-peak times, when the wave farmoutlmed in this section, including the cost of aiimg

is generating at full capacity, the 38KV line mavé the existing 38kV line between Belmullet and
t0 export close to the full 20MVA. Bellacorrick. The results of this case study are

illustrated in Table 5. A further breakdown of thasts
Costing M ethodology is provided in Table 6.

The majority of the grid connection equipment
costings have been taken from the standard costings

Item Details Quantity | Units [ Cost
On-board Equipment
Generator SG 20,000 kW €1,048,592
Power Converter Full Power Elec 20,000 kw €2,319,063
Controller 20 unit €1,433,136
LV Switchgear 20 unit €208,709
LV/MV Transformer 20,000 kw €760,693
MV Switchgear 20 unit €237,160
Offshore Electrical Equipment
Device to Floating Substation Cable Supply only, MV dynamic cable, 175 km €2,100,000
3 core
38kV subsea cable Supply only, static cable, 3 core 8.7 km €1,131,348
Cable laying basic/trenched Assume main cable is trenched 25.2 km €4,571,157
and interdevice dynamic cables
basic lay
Cable laying rock protected 1 km €961,538
Floating Substation Construction and Estimate 1 unit €500,000
Deployment
Floating Substation Switchgear 2x 10 MVA trafos MV/38kV, +2 x 2 unit €1,252,980
MV cubicle incorporating
protection
Onshore Equipment
Cable Landfall Civils Assume substation 500-1000m from beach, approx €25,000
1month civils
Shoreline Substation Land Purchase 100mx50m Plot 5,000 m’ €20,000
Shoreline Substation Construction Fencing, switchyard, Car Park, Estimate €130,000
Metering/SCADA building.
Shoreline Substation Switchgear 38KkV cubicle incorporating protection, disconnects, €159,590
and civils
Shoreline Substation Metering €59,110
Shoreline Substation SCADA/Control Assume Satellite unit and UPS 1 unit €58,060

required. DSO costs used
although TSO RTU required at
this power level
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Overhead Cable to Belmullet 38kV overhead 150AAAC 9 km €814,419
New equipment in Belmullet 38KV cubicle in Belmullet SS 1 unit €159,590
substation
Uprating of 38kV overhead line to Upgrade this line from 100sq to 30 km €1,357,365
Bellacorrick 150sg. Assume 50% costs as
new poles not required.
On-board equipment 31 % of €6,007,353
total
Grid Connection equipment 69 % of €13,300,157
total
Grand Total €19,307,511
Table 5: Costing case study results
Breakdown of equipment Cost % of total
On-board electrical equipment €6,007,353 31
Off-shore cable supply €3,231,348 17
Off-shore cable laying €5,532,695 29
Off-shore grid connect equipment (excl cable) €2,980 9
On-shore grid connect equipment (excl line) £€586,35 3
On-shore overhead line €2,171,784 11

Table 6: Breakdown of electrical equipment costs

It is evident that the grid connection equipmentsurprisingly, makes up the largest portion. Theaot
represents a substantial cost outlay, and in fakesi of the deep charge regime is evident in the very
up approximately two-thirds of the entire electrica significant cost proportion also associated witke th

equipment costs.

5 Conclusions

upgrade of the onshore overhead line.
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specifically linked to the grid connection regime.

The grid connection regime has a very direct impacRefer ences
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proportion of the onshore grid extension work oerev
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dependent UoS charges can have a potential negative
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budget. Of this, the offshore cable laying, not
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