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EXECUTIVE SUMMARY

ThisTransmission System Capadtatement(TSChas been mpared by SONI (System Operator
for Northern IrelandLtd.) in accordance with Condition 33 of the Licence to Participate in the
Transmission of Electricity. It describes the status ofNbgthern IrelandNI) transmission sysin
over the seven year period 2011/12 to 2017/18.

INTRODUCTION

This Transmission System Capacity StatemdMSCPH describes the statutory operational
requirements, the existing transmission network, its configuration and its planned development
over the seven year period to 2017/18. Network utilisation is reported under normal operating
conditions. Potential locations for large generation or demand connections are analysed and the
impact of network outages resulting from planned and unplanned outagesnisidered.

This TSCSprovides information on electricity demand forecasts, the transmission network,
generation capacity and interconnection. Sufficient detailed modelling parameters are provided to
facilitate analysis by third parties.

THE TRANSMIE®N SYSTEM

The Mrthern Ireland (NI) TransmissionSystem comprises some 2000 circuit kilometres of RY5
and 110kV overhead lines and cables. The primary purpose is to transport power from generators
to demand centres, or Bulk Supply Points (BSPs).

The NI transmission system is connected electrically to Republic of IrelandRol) transmission
system via a double circuit 27V connection at Tandragee and two 1k@ connections at
Enniskillen and Strabane. It is planned to have a new lkA0®onnectio in place bywinter
2016/17. The NI transmissiosystem is also connected to the Great Britain (GB) transmission
system by the Moyle Interconnector, a 50dW DC link between Ballycronan More and
Auchencrosh in Scotland.

ThisTSC$cludes comprehensivastings of all transmission network data, as well as describing
planned developments into the future. Information is provided in the form of tables, maps and
network diagrams.

FREEZE DATE

The freeze date for data collection in tRiISC®vas31 March 2011. This is the date that all data for
the network files, and associated sequence data for use with short circuit analysis, was collected.
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GENERATION

At the beginning of 2011, son&/60 MW of generation capacity was installed in NI, of whiotd
MW comprised renewable generation connected to the distribution system. Generation planned
to connect over the next seven years is listed a@leS.1below.

GENERATION TYPE MW

THERMAL 0
RENEWABLE 670

Table S.1: Planned Generation Connections by 2017/18

No thermal generation plant is planned to connect to tReéTransmission System over the seven
year period covered by the statement. At the data freeze AES Kilroot holds a formal connection
offer for additional generation capacity; howevdhey have been uable to confirm a
commissioning date for this additional generation.

The Heavy Fuel Oil Directiveasticipated to result in the loss of sont&l0 MW of capacity at
BallylumfordPower Statiorby the end of 2015. Over the seven year period covered by th&CS
168.5 MW of committedrenewable generationvith a further 502 MW of unapproved renewable
generationis expected to connect to in NBy the year 2017/18the total Nl installed capacity will
be circa2850MW.

The implications of these developments are discussedGaations 8and 9, which deal with
transmission network capability.

It should be noted that a government renewable generation target level of 40% is being considered
for the year 2020 in NlIn order forNIto meet this target approximatelg600 MW of installed
renewable generation capacityould be requiredto achieve the 40% target. This represents a
considerable challenge f@dONIto manage, and is discussed in more detaiBiction 4of this

TSCS

DEMAND

Demand forecast projections are based on growth trends seen at BSPs over the last number of
years, as well as economic growth data. T8 dcludes the latest forecasts which have been
calculated after the recent economic slump. The methodology of this forecast is discussed in
Section5. Table S.2below shows the seven year peak demand forecast used throughout 8GS
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YEAR 2011/12 2012/13 | 2013/14 2014/15 2015/16 2016/17 2017/18

DEMAND (MW) 1833 1857 1883 1911 1939 1967 1995

Table S.2: Seven Year Peak Demand Forecast

This TSCHighlights the seven year demand forecast at all B&Pghe time of peak demand in all
seasongwinter, and summemaximum). Thi§SC&lso includes seven year forecasts for the time
of minimum demand (summer minimumlhese forecasts can be seemippendix D

POWER FLOWS

This TSCSrovides power flows for summer minimum conditions, to go along with summer
maximum and winter maximum conditions. Power flows for 2017/18 widximum renewable
generation output have also been included These power flows are included to provide an
indication of normal system flows with high levels of renewable generation.

The major changes in the power flows include:

e The modelling of the 33 kV network between BSPs and planned/exiéling
Farm Power StationS\(FPS)to improve the accuracy of the power flow analysis

e The modelling of BSP loads with seasonal power facaods the calculation of
house loads for the different generator output levels to create accurate demand
scenarios

e The modelling of cluster substatisio connect new WFPSs

FAULT LEVELS

Fault levels have been calculated in accordance with Engineering Recommendation G74, which
itself is based upon International Standard IEC60909. Ti®Provides fault levels at times of
maximum and minimum demanidr 2011/12 and 2017/18. This highlights changes in fault levels
brought about by increased renewable generation renewable and the introduction of the 400 kV
Turleenanc Mid-Cavan tie line with Rol. Fault levels for Winter Max,1202, are shown below in
Figure S.1

The results indicate that a number of substations are approaching, or have exceeded, their rated
short circuit current level, under maximum generation conditions. These issues have been flagged
up to NIE and work is planned to resolve thésies. In the interim risk mitigation measures have
been employed by SONI, pending equipment uprating. In later years, increased renewable
generation and the new 400 kV TurleenaMid-Cavan tidine with Rol raise fault levels further.

The high fault leels at some substations means that all future connections to the NI transmission
system will require careful analysis as plant margins are considerably reduced. Details on fault
levels aran Section 7
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Figure S.1: Fault Levels for Winter Max 2012

TRANSMISSION CAPABILITY

ThisTSC®xamines the capability of the NI transmission system to accommodate a new source of
generation in the year 207118, in addition to the power flows caused by existing and planned
generation.

Sections &nd9 describe indetail the analysis and results involved with the capability studies. For
the purposes of the analyses, generation was dispatched on aslaail basis, as this reflects the
manner of generation dispatch in the SEM. However, for testing capabilityisiingxgeneration
nodes, all generation at that node (existing and planned) was maximised before analysis was
performed.Figure S.2below geographically represents the capability of all nodes atk¥7%map

on the top) and 110kV (map on thebottom) to accept new generation in 20118. At each
substation, the available capacity is indicated. However, where no capacity is available, this is
shown by a red dot, while nodes where there is in excess ofMM0of capacity are represented

with a yellow dot.
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Figure S.2: Generation Opportunities at 275 kV and 110 kV for 2017/18
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OPPORTUNITIES FOR NEW LARGE GENERATIQWVAT 275

The analysis shawthat several 275V nodes could accept a new generator of size ¥
without requiring significant transmission network reinforcement. Other noslesh as Kells and
Magherafeltwould also be capable of connecting a generator of significant size. However, the
analysis also highlighted several areas where there is naciigpthese are the Islandagee area
(Ballylumford and Moyle)Tamnamore an€oolkeeragh.

OPPORTUNITIES FOR SMALLER GENERATIOKNVAT 110

The results indicate that in 2017/18, there is no spare capacity in the Nugdst region of the
country, despite aaumber of unapproved reinforcement schemes at 110 kV level in the area. This

is due to the large amount of existing and planned renewable generation in the area. The results
also showed that this large amount of renewable generation introduced voltaajglisy issues

under certain critical contingencies. The Network Reactive Compensation Schemes planned by NIE
were required to support the voltage in the Noftestern area.

As with the 275V studies, the best opportunities for new generation at X10kvel exist in the
East of the country.

It is important to note that the studies assess nodes individually, and therefore the results are not
cumulative. If a new generator planned to connect at a particular node, the capability of all other
nodes would hen need to be reassessed. It should also be noted that these results are indicative,
and factors such as fault levels and evolving generation and demand profiles would also need to be
taken into account

CONCUSSIONS

The NI transmission system was arally built to a high standard in the 1960s and 1970stil

the recent economic downturnit had experienced four decades of growth, increased
interconnection with GB and Rol, widely distributed renewable generation and the introduction of
the Single Eldricity Market (SEM). SONI is required to operate the transmission system whilst
meeting a wide range of operational demands. The resulting market flows and changing conditions
have increased the thermal capacity issues and caused stability problarhstaitial investment

is now required in the short to medium term to support market mechanisms, meet government
and E.U. renewables targets and prevent thermal and voltage related problems ideintifiled
Transmission System Capacity Statement
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INTRODUCTION

This 2011 Transmission System Capacity Statem€fsCBEhas been prepared by the System
Operator forNorthern IrelandSONL 0 [ G RZ Ay | OO2NRI yOS SAGK [ 2)
G2 tFNIAOALI GS Ay (0 KrbafarnNdpgfaved byatie A@hority2 F 9 SO0 NI

Following the introduction of the $idf S 9f SOGNAOAGE al NJ SG o6{9adv
were modified to reflect the new structure of the electricity supply industry on the island of
Ireland. SONI has a licence obligation to operatepreinate and direct the flow of electricity onto

and over the NI transmission system. On the other hand, NIE has a licence obligation to plan,
develop and maintain the NI transmission system. In doing so, SONI and NIE must comply with
both the Transmission and Distribution System Security and Plantamglé®ds, and the Grid
Code. SONI is required to cooperate and assist the Transmission System Owner, NIE, in meeting it
licence obligations regarding the planning and development of the NI Transmission System. A
Transmission Interface Agreement (TIA) &xibetween the companies which sets otlte
information exchange requirements and timescales to assist each party to rwedicence
obligations. ThiFSC$orms part of the transmission planning process described in Section C of the
TIA. One of the aims of the TIA isfailitate the operation of the NI transmission system in an
efficient, economically cordinated, safe, secure anclrable manner, as paof the Al-Island
TransmissiorNetwork.

An agreement also exists between SONI and EirGrid called the System Operator Agreement (SOA)
EirGrid are the Transmission System Operator (TSO) in Rol. This agreement sets out the ke
principles and arrangemestat the interface between the two companies as TSOs in NI and Rol
respectively. This describes the information exchange and timescales required to enable each TSQ
to meet its licence and Grid Code obligations.-igind system planning is covered irh&dule 4,

which deals with the sharing of information to facilitate the publication of T8£S

The NI transmission network is operated at 2% and 110kV. The primary purpose of the
network is to transport power via overhead lines and cables frome@sors to Bulk Supply Points
(BSPs). The power is then transformed to lower voltages and distributed to customers via the
distribution network.

ThisTSC8escribes the statutory operational requirements, the existing network, its configuration
and its planned development over the seven year period to 2@B. Network utilisation is
reported under normal operating conditions. Potential locations for large generation or demand
connections are analysed and the impact of network outages resulting fromngdh and
unplanned outages is considered.

This TSCSprovides information on electricity demand forecasts, the transmission network,
generation capacity and interconnection. Sufficient detailed modelling parameters are provided to
facilitate analysis byhird parties.

11
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OUTLINE OF STATEMENT

Section 2states the technical requirements of the supply system and the Licence standards which
apply. System reliability, stability and quality of supply are discussed and the impactezsed
renewablegeneraton and interconnection are considered.

Section 3describes the existing transmission network, including connections with the Republic of
Ireland (Rol) and interconnection with Great Britain (GB). An assessment of the existing system
and the impact of fture developments are included in this section.

Section 4describes the existing generation capacity, and provides information on generation
operation.

Section 5provides the network data including demand forecasts and electrical parameters of
network equipment

Sections Gprovides the capacity of the transmission network by use of power flow diagrams for
the years 201/12, 2014/15 and 20%/18.

Section 7analyses the network fault levels. They are calculated for Winter Maximum and Summer
Minimum condtions for the years 201/12 and 20T7/18.

Section 8analyses the capability of the network by means of a matrix study. This examines the
potential locations for large generation connections.

Section 9is a review of the development opportunities that exist for the connection of new
generation and load.

1.1.1 OTHER INFORMATION
Potential users of the transmission system should also be aware of the following main documents:

e The SONGrid Code

e LicenceStandard$- Transmission and Distribution System Security and Planning Standards
e The SONTransmission Connection Charging Methodology Statenfent

e TheStatement of Chargé<or Use of the NIE Transmission and Distribution System

! http://www.soni.ltd.uk/gridcode.asp

“http://www.soni.ltd.uk/searchresults.asp
*http://www.soni.ltd.uk/upload/SEM08-029%20SON 19%20Charging%20%20Statement[1].pdf
* http://www.niegetconnected.co.uk/publications.php
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e TheAll-Island Generation &pacity Statemen2011-202F
e TheSONI Transmission System Performance Rebort

This TSCSdoes not assess the adequacy of generation capacity in NI. This assessment is
undertaken separately and reported in thdl-Island Generation Capacity Stateme2fill -2020
detailed above.

PURPOSE OF STATEMENT
The purpose of thi§SC% to provide:

e Such further information as shall be reasonably necessary to enable any person seeking use
of the transmission system to identify and evaluate the opportunitesilable when
connecting to and making use of the system. This includes information on the status of
transmission capacity and the anticipated future requirements of transmission capacity.

e A commentary prepared by the Transmission System Operator FSORA OF G Ay 3 G
views as to those parts of the transmission most suited to either new generation or new
demand connections, and the capability of the transmission system to transport further
guantities of electricity.

THE SINGLE ELECTRICITY MARKE

On the £' November 2007, a Single Electricity Market (SEM) began operating on the island of
Ireland. The alisland wholesale electricity market allows both NI and Rol to benefit from
increased competition, reduced energy costs and improved relialofisupply than if the markets

had not been combined. It will also encourage the entry of new market participants, both
generators and suppliers.

The NI transmission network is connected to the Rol transmission network by a double circuit 275
kV conneadbn between Tandragee and Louth, and two KhOsingle circuit connections between
Enniskillen and Corraclassy, and Strabane and Letterkenny. With the introduction of the SEM,
these circuits are treated as internal circuits, rather than interconnectiotween the two
transmission systems.

In the SEM generation is dispatched on an-adland basis. As a result, power floare permitted
on the cross border circuits in analysis carried out for TI®&CS Despite this, however, only the
performance of tharansmission system in NI is considered.

> http://www.soni.ltd.uk/newsstory.asp?news_id=99
® http://www.soni.ltd.uk/newsstory.asp?news id=101

13


http://www.soni.ltd.uk/newsstory.asp?news_id=99
http://www.soni.ltd.uk/newsstory.asp?news_id=101

1.4

2011 SONI TransmissBystemCapacity Statement

The SEMis currently constrained by the fact that there is o2 circuit between the NI andRol
Transmission SystesnTheflow of power between the two systemsiust be limited and each
jurisdiction must carryenough reserve to ensure that the systems are sedarehe lossof the
Tandragee to Louth 275 kV double circuit.

A second400 kVtie line between Turleenan and MiQavan was originally expected to be
established in 2012; it has been delayed and is egpected to be complete in Winter 2016/17.

CHANGES SINCE THE LAST STATEMENT

Since the last TSCS, rmmber of policy documentghat impact NI TransmissionSystem
developmenthave ben publishedincludng:

e Whe Strategic Energy Framework (SEF) Q8étilsNIQa 1 Seé Sy SNH& 321
ensuring security of supply, enhancing sustainability and developing our energy
infrastructure. The SEstates that 40% of electricity consumption in NI should come from
renewable sources by the year 2020.

e Whe Offshore Wind and Marine Renewable Energy NI Strategic Environmental
Assessmen(SEA) 200@dentifies the fact thatlthoughoffshore renewables could make
a significant contribution to the 40% targetnshore wind is the most readily available and
currently least costly renewable technology concludeghat within the 2020 timescales,
onshore wind will continue to make the greatest contribution towands renewable
electricity targes.

SONI arecurrently involved in the production of a Onshore Reewable Electricity Action Plan
(OREAP) fdXl. This OREAR currently being developed; an Onshore $Edue to be consulted on
in Uummer 2011.

If governmenttargets areto be realised,increasedrenewablepenetration can be expected on the

NI Transmission Systein next seven yearsThe TSCSstudy files contain Wind Farm Power
Stations \WFPSswhichare expected to connect within theeven year periodovered by thifSCS
Some of the WFPSacluded theTSCSstudy fileshavenot yet receivedapprowal from NIEand the
Utility Regulator (UREGN§ONI believe these generators should be included in analysis to ensure
that representative outcomes are produced which highligbtential future problemson the NI
Transmission System.

The Utility Regulator(lUREGNIhas approved in principleo L 9 Q a L 32ubteévriQy@WVFPS T
connections TheTSCStudy filescontain anumber of cluster substations

! http://www.offshorenergyni.co.uk/EnvironmentalReport.html
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Il RRAGAZ2YFE  YI 22N LINEBn8ndsSidriavestimgrd PlaizilS iRcludeyNetwotk9 Q &
Reactive CompensationSchemesincluded in the study files frorinter 2012/13; the upgrade of

the CoolkeeragiMagherafelt 275 kV double circuit from Winter 2015/16 and the upgrade of the
HannahstownrLisburn 110 kV a@uits from Winter 2016/17 At the time of writingb L 9T{Pas
awaiting approval from the Utility Regulator (UREGNI).

The pdannedNorth-South400kV connectiorbetween Turleenanand Mid-Cavan irRolis now due
to be establishedWinter 2016/17. The previog TSC®vas based on the assumption that this circuit
would be in service from 2012 onwards. As discusseseittion 1.3the delay of this project has
major implications for the Adisland Transmission System.

The Kilroot CCGT is no longer included inTB€Study files in line with thessumptiors of the

2011-2020 All-lsland Generation Capacity Statemetttis issueis discussed in detail iBection
4.1.3

15
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MAIN TECHNICAL REQUIREMENTS OF THE SUPPLY SYSTEM

It is important forpartiesproposing to connect to the transmission system to be aware that there
are technical requirements and standards to which the system is developed and operated.

The development and operation of the transmission system must be managed to provide safe,
secue and economic supplies of electricity at a satisfactory level of quality.

SECURITY AND PLANNING STANDARDS

The transmissionsystem is plannedind operatedin accordance with the document entitled
WENFyaYAdaaAz2y YR S5Aa0Kkyogzi ¥AY {{ié FRE NWRE DO dzMIK |
by the Utility Regulator JREGNI The relevant standards applicable to the NI Transmission System
are described imable G.Iof this document

The ability to supply customers during circuit outages is gowkine the Security and Planning
Standard P2/5, as amended on thii¢h August 1992. The standard is complex but generally
requires that the main transmission system will continue to supply all customers in the event of a
single unexpected event during theter. In other seasons, the system should supply all or a
defined percentage of load for an unexpected event during the maintenance of another circuit.
The standard applies increasing security requirements as the demand increas8sctibm 9of

this TSCSa tower failure at 27%V is considered to be a single event, i.e. the outage of twok¥75
circuits on the same tower. This is to ensure that the system does not suffer catastrophic failure.

The Security and Planning Standards wiest written in the 1970s. In the interveningO years the
Electricity Supplyndustry inNI has undergone major changes with the introduction of the SEM,;
the large penetration of renewable generation and the movement away from a vertically
integrated industry. There isan urgent requirement to review Planning, Operational and
Connection Standards to ensure they meet the requirements of theerexwonmenton thelsland

of Ireland

ELECTRICITY SUPPLY REGULATNONG HERN IRELAND
The two most important technical haracteristics that determine the quality of supply are

frequency and voltage. The Electricity Supply Regulatidis 1991 set out the statutory
obligations in relation to both frequency and voltage.
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2.2.1 FREQUENCY
The declared frequency is 5, and is normallycontrolled within the range 49.Biz to 50.Hz.

Balancing generation and demand maintains the frequency within the above range. -iSienall
system is not synchronously interconnected with the UK and greater European network, and thus
reYtr Aya y WAatlyR a2adsSYyQmT & | NBadzZ 6 GKS f
to fall below 49.5Hz for a few seconds. In such circumstances some system load may be shed
automatically to assist in recovery of the frequency.

The Nland RolTransmission Systesare connected via a 27kV double circuit between Louth and
Tandragee, and twdBower flow controlled2110 kV circuits. These increase the inertia of the
system, reducing the impact of the loss of a large generating unit.inNédlvertheless, the loss of
generation may, in some circumstances, still result in usidsguency load shedding.

SONI has negotiated with Moyle Interconnector .Lathd National Grid Electricity Transmission
(NGET) to use the Moyle interconnector to contract for the provision of spinning reserve. This was
introduced in 20070 provide a reliable source atserve ando complementreservethat had
beenprovided by onventional generationln 2010 themaximumreservethat can beprovidedby

the Moylelnterconnectoris 75 MW, 50 MW of reserve is provided when the frequency falls below
49.6 Hz and a further 25 MW of reserve is provided when the frequency falls beléw29Note

that for imports of power from GByreater than4d25 MWthe reserve available from Moylsill be
reduced The Moyle interconnector alsautomatically reducethe import of power by 50 MW
when theNI systenfrequency exceeds 50.3 Hz

2.2.2 VOLTAGE

The voltage variation permitted by the Electricity Supply Regulatidiis 1991 on the NI
transmission system #10%. The permitted step voltage changes are specified in the Transmission
and Distribution System Security Planning Standards {($IE®). The permitted step voltage
changes are described below:

e For a secured single circuit outage: not greater than 6%.
e For a secured double circuit outage: not greater than 10%.

For both conditions, the 11kV voltagesat BSPs should not drop below 90%
The voltage at any point on the system is determined by the reactive power output of the

generating plant, the tap position of each generdsystem transformer, the electrical
characteristics of the system, the levelsystemload and its power factor

20
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Voltage control is affected by providing automatioltage control on generatos, altering
transformer tap positions and the switching of shunt reactors or capacitors. These operational
measures do not compromise the security standards imposed b$@licence.

GRID CODE REQUIREMENTS

The main technical conditions to be met by users @f $lgstem are outlined in the SOGItid Code.

The Code sets out the principles gavieg SONba NBf | G A2y AKAL) A 0K dza SN
specifiesprocedures for both planning and operation and covers both normal and exceptional
circumstances.

SYSTEM RELIABILITY, STABILITY AND QUALITY

Theoperation of the NI Transmissiotyssem is planned in accordance with the Licence Standards
where particula consideration is given to avoiding potential problems due to forced circuit
outages occurring during a planned circuit outage. The location and connection arrangement of
generatorsis very important in this context.

As well as considering the reliabjliof circuits and load flows following circuit outages (overload
situations), it is necessary to consider the stability of the system. When proposals for new
generation, demand connections or interconnection are being considered, it is necessary to
invedigate both transient stability (the resilience of the system to faults) and dynamic stability (the
resilience of the system to generator trips or circuit switching).

System instability can usually be prevented by the application of enhanced protectibooatrol
systems. Instability can result in the following:

e Loss of synchronism between generators

e Consequential tripping of circuits

e Mismatched pockets of generation and load
e Possible plant damage

e Loss of customer supply

With regard to the relatively small size of ti transmission system, it is also necessary to
consider the adequacy of the response characteristics of generating units.

241 INCREASERENEWABLE GENERATIEBMELS
The connection of generation fromrenewable sources such asbiomass, tidal, hydroand

particularly wind changes theNI generation portfolio. An ever increasingroportion of the
generation hasharacteristics which differ from those of conventional fossil fuel generatS3NI
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face many chadinges to manage the NI transmissigystemin a safe, secure and reliable manner
these challenges includbfferent operating conditions caused by

e The connection of@neration tothe distribution network

e The introduction of new generator technologies

¢ Increasedistances betweesources ofyeneraton and load centres
¢ Increa®d risk of overloads on heavilyaded transmission corridors.

Technical areas requiring investigation include:

a) The energy sourcean beuncertain this uncertaintyimpact on the ramping of thesystem
load andhasimplications forthe requiredplant flexibilityin NI.

b) The provision ofancillary services, including frequency response, by these renewable
technologies will require attention in the future.

c) The reactive poweroltage catrol requirementsof the NI Transmission Systeamder
transient and steady state conditiomeeeds to be understood especialiys conventional
plant isincreasingly becomingdisplaced by WFPSs which contribute less to the reactive
power balance on the Nrdnsmission System.

d) The ability of these renewable technologies to ride through faults is considerably different
from conventional plant. The behaviour of these technologies during and afeault must
be understood so thatheir responsecan be predictd and managedy SONI

e) Theaffect of the reduction of the NTransmissiorSysteminertia on the characteristics of
the system needl to be understood so thatthe dynamic and transient stabilitys
maintained.

f) The thermal limits of the equipment on the NI Transmission System may be exceeded
under High windlow demand)cenarios under maintenantault conditions.SONImust
ensure theNI Transmission System is operated ttee appropriate standardsand that
adequate measuresare in place such as generation constraint mechanisnts safeguard
the system.

SONI & EirGrid have investigated thigove concerns in the Adlsland Facilitation of Renewables
Studied. Further investigations are required to ensure a secure, sustainable power system. The
areas requiring development are frequency response, voltage control, ramping services,
operational policiesSONIs actively working with developers and manufacturerensure WFPSs

are compliant with Grid Code and are fully controllab@operationis required between all
parties involved in renewable generation connections to ensure that levels of connection are
effectively managed so thagovernment targetg€anbe met.

8 http://www.eirgrid.com/renewables/facilitationofenewables/
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SONI isengaged in wind energjorecasting WEPROU to managethe uncertainty of wind
generation More accurate wind forecasfacilitate the adequate @nmitment of thermal planton
the NI Transmission System.

SONI will be proposing modificatiots the Grid Code in relation tpoints a) and d) above. It is
likely that in order to facilitate high penetration of wind powebligations will be required for
WFPSg0 contribute to system inertia (see) above. Section 4.2discusses the increasef
renewable generatiomto the future.

24.2 INTERCONNECTION WITH GREAT BRITAIN
The 500MW HVDC link with Great Britain (GB) is describétkirtion 3

HVDC links have an advantage over alternating cur(&@ interconnection in that separate
control ofvoltage and frequency can be maintained on each system. The power flow can be preset
at a fixed value and in an emergency the link can provide additional support through its very rapid
automatic response to system disturbances.

Where there are faults othe NI transmission system, effects are limited to a brief distortion of the
HVDC 5@z ac synchronous waveform in import mode. The rapid response means that the HVDC
link can have a net stabilising effect on thlkisland system in the event of genei@ loss.

With large imports of power from GB across the HVDGC dimkventional generatiois displacedy
this nonsynchronous source of generation, this:

¢ Reduces thesystem inertiawhichis also reduced by thiecreasedwvind penetration
¢ Increagsthe dynamicreactive support required by thBl Transmission Systerthe HVDC
link does not have dynamic reactive power export capability

The HVDdink can now &port up to 300 MWto GB when the HVDC links flowingfull export
under certaincontingenciesadditionalreactive supporabove those levels already plannedll be
required to ensureNl Transmissiofystem reliability, stability and quality

° http://www.weprog.com
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THENORTHERN IRELANRANSMISSION SYSTEM

This section describgthe topology of theexistingNorthern Ireland(NI) transmission systemnd
the future planned network developments that may occur over the coming ye@iransmission
developments, drge generation and demand connection projeelstend to have long lead in
times. Considegation of future planned network developmentwill give an indication of howhe
configuration of the systerwill change. NIE have supplied SONI the following information:

e ATransmission Investment PI&nIP)

e The Transmission Network Annual Data (TINAD

e PSS/E network filagpresentingthe seven year pgod covered by thiFSCS

e NISequence Datw facilitate Fault Level Analysis for 2011/12 and 2017/18

This informationas of the freeze datdorms the basis othis Transmission System Capacity
Statement(TSCH

THE EXISTING SYSTEM

The Nltransmission system comprises some 2,000 circuit kilometres of K¥7%nd 110 kV
overhead lines and cables. The backbone of the transmission network in NI was originally built to a
high standardk y (i K S Thisdpetwofk a8 been very effective and lasommodatednany

years of load growttlthat was seen iNI u until the recent economic downturn A geographic
layout of the existing trammission system is shown iviap B.1

CONNECTIONS WITH REPUBLIC OF IRELAND
3.2.1 275kV CONNECTIONS

The Nland Republic of Ireland (Rabansmission systems are connectéd a double circuit 27kV
line between Tandragee and Louth, terminated in two paralleled 30UA 275/220 kV
transformers on one circuit, and a 680VA 275/220V transformer on the other.

The physical firm capacity of the Tandragkeuth crossborder circuits is assessed as the
emergency overload rating of one circu@60 MVA summer rating. However, the actuednsfer
capacity of the circuits is limitdaly other technical factors. Some tiese include:

e The possibility of system separation that results frofoeced outage of the circuits
e The risk of voltage instabilitin NI
¢ Thermal overloads in some associated transmission corridors

For certain NorthSouth power transfers; the loss oféfandraged.outh 275 kVcircuits requires
the tripping of thel110 kVStrabaneletterkenny and Enniskille@orraclassyircuits as well as the
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fast runback of the power flowing intdNl on the Moyle HVDC Interconnector to secure the
frequency stability othe NI System.

3.2.2 110kVCONNECTIONS

In addition to the main 27%V double circuit; there are two 11KV connectionshat were
commissioned in March 199%s described below:

o Strabaneletterkenny: singl@é10kV circuit
¢ EnniskillerCorraclassy: singlELOKV circuit

Until 2001 both circuits operate in a standby mode but wereonverted into permanent
connections by the deployment of power flow controllers, rated at M®/. The power flow
controllers are normally adjusteclose to OMW transfer, but can be set to a desired flow to
support either system during abnormaystemoperation. The systems are not considered stable
in the absence of the 278V Tandraged.outh double circuit, and therefore the 1k¥ connections
are automatically removed from service in the absence of both R7%ircuits. In the event of a
severe outage, e.g. Coolkeerajtagherafelt 275kV double circuit, the power flow controllers
allow immediate support from the healthy system, pending maraaitrol action.

3.2.3 FUTURE CONNECTIONS

NIE and EirGrid (the TSO in Rol) are committed to establishing a new\VA@fe between
Turleenan in NI and Mi€avan in Rol. The new circuit will increase the transfer capability between
the two systems, resuhg in highempossible poweflows. The total transfer capacity will be in the
region of BOOMVA and is expected to be commissionedvidpter 2016/17.

3.2.4 CONSTRAINTS

Currently, in the event of the loss of the existing Z&b6 double circuit connectqiNI to Rol, the

two 110kV connections are automatically switched out, to maintain system stability. As a result of
this, system separation occurs. The potential impact of system separation results in constraints
being applied on the amount of power thean be transferred between NI and Rol.

The Total Transfer Capacity (TTC) of the/ZZ®kV double circuittie line is summarised ifable
3.1 below. It should be noted that the amount of power that can be transferred also depends on
the amount of reserg being carried in each jurisdiction.

DIRECTION TOTAL TRANSFER CAPAC

NI¢ Rol 430 MW
Rol¢ NI 380 MW
Table3.1: ExistingConstraints on 275 kV Circuits

28



3.3

2011 SONI TransmissBystemCapacity Statement

Once the new 400 kV tie line comes into operation, a second high capacity path will be provided in
the event of a fault on the existing circuits. The current constraints 275 kV double circuit will be
revised.

The map below ifigure 3.1shows the locatin of the connections with R&l GB

CD

MOYLE

LETTERKENNY INTERCONNECTOR

ABRABANE BALLYCRONAN MORE

TANDRAGEE

CORRACLASSY

Figure 3.1 Existing Cross Border Circuits and Interconnection

INTERCONNECTION WITH GREAT BRITAIN

The Moyle interconnector commenced commercial operation in 2002. It is constructed as a dual
monopole HVDC linkith two coaxial undersea cables from Ballycronan More in Islandmagee, to
Auchencrosh in Ayrshire, Scotland. The link has a physical installed capacityM\50@wever,

this is curtailed due to certain network limitations on both sides of the link.eWergency flow of

up to 75MW is available should the frequency in NI drop below 4&6

The convertor station at Ballycronan More is looped into one of the BV5Ballylumford to
Hannahstown circuitsThe Moyle Interconnector islane Commutated Gwerter (LCC) HVDC link.
The Moylelink isself compensating for reactive powérsses. There are 4 x 59 MVAr capacitor
banks at theBallycronan Moreonverter station with 3 of theecapacitor banks acting as filters.

All interconnector capacity is auatied by SONI in NI on behalf of Moyle Interconnector Limited

(MIL). This capacity is purchased by market participdrts. map above ifigure 3.1shows the
location of the Moyle interconnector.
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Since the lasTSC&e amount of power that is permitted tbe exported from NI to GB across the
Moyle Interconnector has been increased to 300 MW all yéahle 3.2below details the available
capacity of the Moyle interconnector.

DIRECTION SUMMER WINTER
GB- NI 410 MW 450 MW
NI-GB 300 MW 300 MW

Table3.2: ExistingConstraints on the Moyle Interconnector
PLANNED TRANSMISSION SYSTEM PROJECTS

NIE have provided SONI with details of the transmission system projects that are planned to take
place, subject to regulatory approval as part of the overallgraview settlement, over the next
seven years. These planned projects can be classified as either:

¢ Load Related Network Projects
¢ Asset Replacement Projects

e The North South Project

¢ Renewable Integration Projects
e Wind Farm Cluster Projects

The planned transmission system projects must receive capital approval from the NIE Executive
before work can commence. The following sections provide details of the planned works as well
the date the project is included in the TSCS study files.

In orderto create TSCS study files that are as representative as possible of the future Transmission
System unapproved projects have been included using provisional completion dates provided by
NIE at the time of the data freeze.

34.1 LOAD RELATED NETWORK DEFPMENTS

a) TAMNAMORE MAIN 275/110 kV SUBSTOHHASE 1P

Tamnamore, aew 275/110kV injection pointconnecting at 11&V into Dungannon Main
has been establishedamnamore Phase Has NIE Executive approval. A new 275/kY0
single transformersubstation has been established at Tamnamore. The existingk¥75
Magherafelt to Tandragee circuit has been diverted into the substation. A newwR4d
275/110 kV transformer has been connected atfte associated 11&V switchgeahas
been installed. A newl110 kV circuit is to be constructed, to Dungannon 110/83
substation. The 110kV circuit from Tamnamore to Dungannon will be constructed with

Y NIE have undertaken to review the proposal of only turning in one 275 kV circuit based on lifetime economic costs.
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UPAS at 68C rated at 14MVA The network reinforcement first appears in the TSCS study
files insummer2011.

b) HANNAHSTOVBY275/110 K\BTX
A third 240 MVA IBTXs to be installecht HannahstownThe demand at Hannahstown will
require all supplies to be maintained for the maintenance of one 275/110 kV IBTX coinciding
with a forced outage of the other IBTXpproval is in place for the3IBTX at Hannahstowand
the projectfirst appears in the TSCS study filewinter 2011/12.

c) CASTLEREAGH 275/110 K\BTX
Afourth 240 MVA IBTX aCastlereagh is to be installe@ihe level of demand on Castlereagh
requires all supplies to be maintained for the maintenance of one 240/110 kV transformer
O2AYOARAY3 gAGK I F2NOSR 2dzi3S 2F 2yS 27F
transformer at Castlereaghhe projed first appears in theTSCStudy files during winter
2012/13.This fourth IBTX planned to be switched in to manage maintenance outages.

d) BELFAST NORTH MAIN 110/33 kV BSP
A new 110/33 kV substation at Whitla Strégto beestablished This substation will replace
the existing 110/33 kV substation at Power Station We&hkts project is required due to the
deterioration in condition of the substation assets at PSW. The existing Whitla Street site will be
redeveloped for a new 33 kV swfitboard and pair of 90 MVA 110/33 kV transformers. The
existing Donegall to PSW 110 kV feeders will be turned in and connected to the proposed new
110/33 kV transformers, the residual sections of 110kV circuits to PSW will be decommissioned.
This project s NIE approval arfdst appears in th& SCS studytesin winter 2013/14.

e) BALLYLUMFORIEEDEN CARNMONEMO kV CIRCUIT*
The conductor on the BallylumforBderCarnmoney 110 kV circuis to be replaced.
Upgrade is required because the loss of the médostown to Ballylumford / Moyle 275 kV
double circuit tower line results in significant overload of the circuit, also single circuit outages
can also cause the remaining circuit to be overloaded under normal dispatch |#véss.
plannedto reconductor he existing doubleircuit tower line with a Gap conductowhich
will allow the uprating of each circuit to a minimum of 190 MVAhe project will be
AyOf dzZRSR Ay bL9Qa wiheBalylrnfgrdl th Eded portighdNbe IcitclliINE &
is upgraed inthe TSCSiles in winter 2012/13 The Eden to Carnmoney section of the
circuit is upgraded in the TSCS files one year latemten2013/14.

f) AIRPORT ROAD MAIN
A new 110/33 kV substation at Airport Road is todséablished to service the Titani@uarter
and Harbour Estate. A new substation is required because significant demand growth has been
forecast in the Belfast Harbour area due to the Titanic Quarter redevelopment, Bombardier and

*After the data freeze date NIE have notified SONI that Mhkar and Gap conductwiill be rated atl77/181/183 MVA instead
of 190200/210 MVA
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¢))

h)

Belfast Harbour Commissioner proposals. It is planned to construct a new 110/33 kV substation
including 2 x 90 MVA transformers and 33 kV switchboard at Airport Ro@dk\ tables will be

laid from the Dee Street terminal tower direct to the transformer end boxes. It is proposed that
the existing Rosebank to Dee Street tower line will be connected to the 110 kV network at
Rosebank in a tee off arrangement. This t@ike placeafter the Castlereagh to Rosebank 110
1+ OFrofSa INB NBLXIIOSR® ¢KA&a LINRP2SO0G oAff
Airport Roadirst appears in tha SCStudy files during winter 2013/14.

CASTLEREAGH / TANDRAREECTIVE COMPENSATION

Reactive supporat Castlereagh and Tandrageeto be installedThis reactive compensation

is required because the loss of the 275 kV double circuit tower line from Hannahstown to Moyle
/ Ballylumford has the potential to cause avere reduction in voltage at Hannahstown and
Castlereagh (depending on the demand and dispatch scenHris)proposed that theeactive
compensation schemes will kee combination of fixed and dynamic reactive support. In the
TSCS files each substatibastwo fixed 25MVAr capacitors working in conjunction with a
Static Var Compensator (SVC) with a range58fMVAr. These schemes have not yet been
approved andirst appearin the TSCStudy files in winter 2012/13.

NORTH WESREACTIVE COMPENSATION

Reactive support at Coolkeerags to be installed. This reactive support is required because
in the event of the Coolkeeragh CCGT not running and a double circuit outage of the 275 kV
circuits between Coolkeeragh and Magherafelt, the 110 kV TransmissitanSgad the
synchronous compensator GT8 are not capable of supporting the voltage in the North West
at peak load times. Also under certain wind generation conditions there is the potential for
transmission circuit overloads in the North Wesdt. is propose that the reactive
compensation scheme will be combination of fixed and dynamic reactive support. In the
TSCS files there atevo fixed 25MVAr capacitors working in conjunction with a Static Var
Compensator (SVC) with a ranget&0 MVAr.This scheme has not yet been approvébe

North Westreactive compensation schenigst appeas in the TSCStudy files in 2012/13
winter.

HANNAHSTOWN TO LISBURN 110 kV CIRCUITS

The conductoron the Hannahstown to Lisburn A and B single cirasit® ke replaced.
Several credible contingencies cause the above circuits to be overloaded during high
transfers from North to South. With the completion of the 400 kV Netuth
interconnector the Net Transfer Capability is expected to be increased init@ll000

MVA. The rating of the Hannahstown to Lisburn circuits however will restrict that. The
F02@0S LINRPB2SOG Aa AyOf dzZRSR Aty planhed O dhangetthe & d;
conductors to match the cable sections, i.e. a rating 144 MW&project first appears in the
TSCStudy files during Winter 2016/17.
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j)

3.4.2

b)

d)

f)

BALLYLUMFORD SWITCHGEAR

The switchgear at Ballylumfond to be replacedvith new indoor GIS switchboard his will

allow both interbus transformers at Ballylumford to be switched in gsosed to only one
presently, due to fault level concernk.is planned to construct a new switch house. A new
GIS double busbar 40 kA 110 kV switchboard will be installed and the 110 kV circuits diverted
accordingly. The NIE Executive has yet to apprbigeproject. The projedirst appears in the
TSCStudy files duringvinter 2013/14. 1t is assumed that after this work takes place both
Interbus transformes at Ballylumford can be in service.

ASSET REPLACEMBMROJECTS

CASTLEREAGH 275/1108 1

The Interbus transformerIBTX at Castlereaghs to be replaced.The replacement
transformer will have a 60 MVA tertiary windinthe asset replacement first appears in the
study files duringvinter 2013/14.

COOLKEERAGH 275/110 IBTX1

Thelnterbus transformenBTX lat Coolkeeragh is to be replaced with rmnsformerthat
will have a 60 MVA tertiary windin@he asset replacement first appears in (h®8CStudy
files duringwinter 2016/17.

BALLYMENA MAIN MESH
Two 45 MVA transformers at Balhena Mesh are to be replaced by two 90 MVA
transformers which are due to be installed and commissionedibyew2011/12

DONEGALL MAIN (NORTH)

One 60 MVA transformer at Donegal North is to be replaced by one 90 MVA transformer
which is due to be instatl and commissioned byimter 2011/12.Donegall North will then
have two 90 MVA transformers in situ.

CARNMONEY MAIN

One 60 MVA and two 30 MVA transformers at Carnmoney Main will be replaced by two 90
MVA transformers. This asset replacement first appesrshe TSCSiles duringWinter
2012/13.

DONEGALL MAIN (SOUTH)

It is proposedto replace two 60 MVA transformers &onegall Soutlwith two 90 MVA
transformers.The asset replacement first appears in th8CStudy files duringwinter
2015/16.
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¢))

h)

J)

K)

34.3

KNOCHKVIAIN
Two 60 MVA transformers at Knock Main are to be replaced by two 90 MVA transformers
which are planned to be installed and commissioned bytev 2012/13.

CREGAGH MAIN

It is proposedto replace wo 75 MVA transformerat Cregagh Mairwith two 90 MVA
transformers.The asset replacement first appears in th&CStudy files duringwinter
2014/15.

BALLYMENA MAIN (SWITCHBOARD)

It is proposedo replace two 60 MVA transformers at Ballymena Switchboard with two 90
MVA transformers.The asset rplacement first appears in th& SCStudy files during
Winter 2014/15.

ENNISKILLEN MAIN

It is proposed to replace two 45 MVA transformers and one 60 MVA transformer at
Enniskillen Main with two 90 MVA transformers. The asset replacement first appedues in t
TSCS study fileswinter 2013/14.

CASTLEREAGH TO ROSEBANK 110 kV CIRCUITS

It is proposed to replace the two existing cable circwitich will allow the ugating of
each circuit to a minimum of 144 MVAhs asset replacement first appears in ti&SCS
studyfiles duringwinter 2013/14.

COOLKEERAGH MAGHERAFELT 275 kV CIRCUITS

It is proposed to ltange the conductor orthe existing doubleircuit tower line. The
proposed new conductor has yet to be selected but may be RubustBBOAAACThe
works when complete will allow the wpating of each circuit to a minimum of 761 MVA.
The existing cable becomes the restricting element in each circug.asket replacement
first appearan the TSCS study files durinmter 2015/16.

NORTFSOUTH PROJECT

A new 400/275kV substation at Turleenan aral new 400 kV interconnectorbetween
Turleenan andKingscourt, CoCavan(provisionally referred to as MiG@avan)is to be
established The project has in principle Regulatory and NIE Executive approval. It is
planned to construct a 400/27kV substation at Turleenan. The substation will initially be
equipped with two 500MVA transformers with a spare base and switchgear bays for a
third. The Tamnamoréo Tandragee and Magherafalb Tandragee circuits will be looped
into the 275kV double bus. It is also proposed to construct ark80400kV single circuit
tower line from Turleenan to Kingscourt.
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34.4

b)

d)

The new circuit will have a rating of approx 19@¥A. With two transformers in serdc
initially however the interconnector will be rated at 1080VA. All switchgear will have a
fault rating of 40kA.This projectfirst appears in the TSCS study files duvingter 2016/17.
Once this connection is established, the constraints on the agi§tandrageé.outh 275 kV
double circuit (se&ection 3.2.%will be removed.

RENEWABLE INTEGRATION PROJECTS

DUNGANNON TO OMAGH 110 kV CIRGUHASE!!

The remaining lengths of the Dungannon Omagh 110 kV Circuits that were not replaced
during Phase 1 works will be reconductored with INVAR conductor. The cable on circuit B
will also be replaced. Phase 2 works will enable each circuit to have a minimuny ot

190 MVAThis work is due to be completdy winter 2011/12.

OMAGH MAINL0/33 kV TRANSFORMERS

Two 60 MVA transformers at Omagh Main will be replaced by two 90 MVA transformers.
For a transformer outage at Omaghis possible that in the presence of wind, the remaining
60 MVA unit could be significantly overloaded. The two 90 MVA transforarersiue to be
installed and commissioned byinter 2011/12.

KELLS COLERAINE 110 kV CIRCUIT PHASE 1

It is proposed to ugate one side of the existing 110 kV tower line between Terrygowan
and Kells with the INVAR conductor. In terms of the PSS/E network files the resistance,
reactance andsusceptancef the circuit between Kells and Coleraine is altered when this
network reirforcement first appears in the SCStudy files in winter 2012/13.

TAMNAMORE MAIN 275/110 kV SUBSTOAHHASE 2

Phase 2 is the completion of the Tamnamore 275/110 kV project. It is proposed to extend
the existing 275 kV and 110 kV double busbars at Banamne, install a second 275/110 kV
transformer and loop in the Dungann@rumnakelly and Dunganne@reagh 110 kV
circuits.Dungannon Main will be supplied by two raldeacuits from Tamnamore Maiifhe
network reinforcement first appears in the TSCS sfiildg duringwinter 2013/14.

OMAGH TO TAMNAMORE NEW 110 kV CIRCUIT

It is proposed to construca 3 Tamnamore to Omagh 11KV single circuit during 2013,
following on from Tamnamor&hase 2 works where the two Omagh to Dungannon &XYYO
circuits were reconfigured to become two Omagh to Tamnamore circuits 3Fhiscuit will

be approximately 45%m in length on Portal construction and conductored with Zebra
strung for 75°C. The circuit will also be looped in to connect with the psgebFallaghearn

1 After the data freeze date NHave notified SONI that the riag of these circuits will be limited to 150 MVA by the mesh at Dunganiiber the
completion of Tamnamore Phasetese circuits will be rated dt77/181/183 MVA
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WFP&luster substationThe network reinforcement first appears in tie&SCStudy files
duringwinter 2013/14.

f) KELLS COLERAINE 110 kV CIRCUIT PHASE 2*
It is proposed to up ratapproximately 26 knof the 110 kV line between Terrygowand
the loop-in point for the Mid-Antrim WFPS cluster substatioBection 3.9.4. As with Kells
Coleraine Phase 1 it has been assumed that the upgrade will be to Invar conductor, strung
for 200 °C. The phase @vorks when complete will allow the uprating of the circuit
betweens Kells and Midntrim to a minimum of 19MVA This network reinforcement
first appears in th& SCStudy files from winter 2014/15 onwards.

g) OMAGH ENNISKILLEN 110 kV CIRCUITS
It is proposed to ugate both sides of the double circuit tower line to cope with the wind
generation being connected in Co. Fermanagh. The wehien complete will allow the up
rating ofeach circuit to a minimum of 109 MVA. This network reinforcemest &ippears
in the TSCStudy files inwinter 2015/16.

h) COOLKEERAGHMAVADYCOLERAINELO kV CIRCLET
It is proposed to ugate the 110 kV circuitbetween CoolkeeraghL.imavadyand Coleraine
to accommodate the wind farrlusters expected to connect tdvé Limavady Main noddt
has been assumed that the upgrade will be to INVAR conductor, strung fdiC2When
works arecompletethe circuits will be up rated to a minimum of 18@A This network
reinforcement first appears in the study fileswmnter 2015/16.

i) KELLS COLERAINE 110 kV CIRCUIT PHASE 3*
It is proposed to upgate the remaining 20 km sectiasf the 110 kV line between the loep
in point for the MidAntrim WFPS cluster substatiq@ection 3.9.9 and Colerainelt has
been assumed that the upgrade will be to INVAR conductor, strung fot@®hen works
are complete the circuit will be up rated to a minimum of 190IVA This network
reinforcement first appears in th€SCStudy files inwinter 2015/16.

345 WIND FARM CLUSTER PROJECTS

a) KILLYMALLAGHT 110/33 kV CLUSTER
A new 110/33 kV substation is currently under construction, the substation will comprise of
2yS cn a*x! GNIYATFT2NNSNY» ¢KS aA0S Aa I Re2lC
circuit, approximaté/ 10 km south of Coolkeeragh and 16 km north of Strabane Main. The
SEA&GAY3T /22t 1S8SSNIFIK G2 {GNIXolyS w Q OAND
and commissioning are expected to be complete by autumn 2011. Slieve Kirk WFPS will
feed intothe Killymallaght cluster via a 110 kV circuit.

*After the data freeze date NIE have notified SONI that 110 kV Invar and Gap condlidierrated atl77/181/183 MVAinstead
of 190200/210 MVA
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b)

d)

f)

MAGHERAKEEL 110/33 kV CLUSTER*

A new 110/33 kV substation with two 90 MVA transformers is to be constructed. The
cluster substation is to be located approximately 38 km west of Omagh Main. A single 110
kV overhead line circuit will be constructed (AP1 construction) to connect the nestecl

node into the existing 110 kV mesh at Omagh Main. The conductor is likely to be UPAS,
strung for 75°C; this circuit will be limited to a rating of 144 MVA due to cable connection
into the Omagh MainMagherakeel first appears in tHESCStudy filesin summer 2012.

FALLAGHEARN 110/33 kV CLUSTER

It is proposed to construch 110/33 kV substation with one 60 MVA transformer at a site
adjacent to the proposed new 110 kV Omagh to Tamnamd&tei®uit approximately 19
km east of Omagh Main and 38 km we$ Tamnamore Main. The new circuit would be
looped into this new cluster hub. Fallaghearn cluster first appears ifT 8@Study files in
winter 2013/14.

POMEROY 110/33 kV CLUSTER

The proposed establishment of a 110/33 kV substation with one 60 MV/&foaner at a

site adjacent to the existing 110 kV Omagh to Dungannon B circuit (following Tamnamore
Phase 2 works this circuit will be-yel YSR Wh Yl 3K { Qectianl3%yhl Y2 N.
approximately 21 km east of Omagh Main and 18 km west of Tamnamore Niai.
existing circuit will be looped into this new cluster substatieomeroy cluster first appears

in the TSCStudy files in winter 2013/14.

MIDANTRIM 110/33 kV CLUSTER

The construction of a 110/33 kV substation with one 60 MVA transformer at alsge ©

the existing Coleraine to Kells 110 kV circuit, approximately 20 km southeast of Coleraine
Main. The existing circuit will be looped into this new cluster substation via the construction
of two portal 110 kV circuits of 6 km in length each. Thedoetor is assumed to be Invar,
strung for 200°C. This cluster first appears in thi&CStudy files in winter 2014/15.

ALTAHULLION 110/33 kV CLUSTER

A new 110/33 kV substation is to be constructed with one 60 MVA transformer. The
Altahullion Cluster isa be located approximately 13 km southwest of Limavady Main. A
single 110 kV overhead line circuit will be constructed (AP1 construction) to connect the
new cluster hub into the existing 1KY mesh at Limavady Main. The conductor is likely to
be UPAS, aing for 75°C the circuit is limited to a rating of 144 MVA because of cable
connection into Limavady Maifmhis cluster first appears in tHESCStudy files in Winter
2014/15.

*After the data freeze date NIE have notified SONI that 110 kV Invar and Gap condlidierrated atl77/181/183 MVAinstead
of 190200/210 MVA
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SPECIAL PROTECTION SCHEMES

Special protection schemes (SPSs) monitor the network and take automatin actiprotect

system assets when faults occur. For example, SPSs may detect low network voltages, circuit
overloads, or circuit tripping, and protect system assets by automatically reconfiguring the
network, disconnecting demand/generation or changing tlwput of generation.

The design of individual SPSs determines how they effect network operation in specific parts of the
network listed below. The TSO would not view SPSs as satisfactory long term solutions, as they
could have a negative impact on 8% security in the future.

SONI is currently comparing the level of generation that is disconnected via SPS to the reserve
available on conventional thermal plant. There is a limit to the amount of generation that can be
securely connected by utilising®S disconnection.

It is important when investment decisions are taken that complete economic costs are considered;
this analysis should includmsts ofpotential constraints along with the implications on the cost of
energy in the SEM on the Island adlémd.SONI is concerned about the interaction of the SPSs on
the NI Transmission system; it is increasingly difficult to determine the impact of an unexpected
event because of the added operational complexity that SPSs cause on the NI Transmission System

351 110kV CIRCUIT PROTECTION SCHEME: TANEBRGERAKELLY

Under certain 110 kV circuit outage scenarios the Tandragee to Drumnakelly circuits can become
significantly overloaded. To relieve this situation, a special protection scheme has bediednist
automatically reconfigure the network, and in extreme circumstances, disconnect load.

3.5.2 COOLKEERAGH UNBPER.TAGE SCHEME

At heavy load times, when there is insufficient operational generation at Coolkeeragh, the network
in the North West maype subject to low voltage conditions following a forced outage on either:

e The CoolkeeraghMagherafelt 275 kV double circuit
e Both 275/110 kV IBTXs at Coolkeeragh

To relieve this situation, a special protection scheme has been installed to automaghoadlyjoad
in the North West.

353 MOYLE LOW FREQUENCY RESCUE FLOW

If the frequency of the NI system falls below 49.6 Hz, the Moyle interconnector provides a rescue
flow of 50 MW. If the frequency continues to fall, at 49.5 Hz a further 25 MW is @abvids the
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frequency recovers, the rescue flow is stopped once the frequency rises above 49.8 Hz. A reductior
in the import from Scotland is also triggered if the NI system frequency exceeds 50.3 Hz.

3.5.4 MOYLE RUNBACK SCHEME

When power is being expat to Rol via the Nort#south tieline, there would be a surplus of
generation in NI if the tidine was lost. In the event of the loss of the-lilge, there is aunback
schemeto reduce the Moyle import. This scheme depends on both the level of eamsf the
North-South tieline, and the amount of Centrally Dispatched Generation on in NI. At present, the
maximum amount that the Moyle import can be runback by is 300 MW. This scheme also trips the
110 kV Strabantetterkenny and Enniskille@orraclasg circuits.

3.5.5 BALLYLUMFORD GENERATION TRIPPING SCHEME

At times of maximum generation in the Islandmagee area, under certain outage conditions, circuits
exiting the Ballylumford 275 kV node can become overloaded. As a result, a SPS exists a
Ballylumford, whereby either B5S or B6 can be tripped to prevent such overloads.

3.56 NORTH WEST GENERATION CURTAILMENT8CHEME

If generation in the North West is operating at high output at times of low NI demand, and an
outage of the 275 kV double cirit between Coolkeeragh and Magherafelt occurs, the local 110 kV
circuits could overload.

Special protection schemes have been installed to take automatic remedial actions to remove
sustained overloading of the transmission network. Under these caceimstances, the output of

the CCGT at Coolkeeragh will be reduced to 160 Mdkg with the disconnection of Gruig and
Curryfree WFPSs (40 MW). In addition, a special protection scheme monitoring for overloads on
the 110 kV circuits between Omagh andngannon will automatically reduce the output Sfieve
Divena, Hunters Hill, Screggagh and Tappaghan Exten$t®¥&s

2 SONI is particularity concerned with the reliability and use of this SPS. The opefati3PS has caused C30 CCGT
to trip. It is important that adequate reactive support (seection 3.7.) is available in the North West to ensure the NI
Transmission System is secure for the-odration of this SPS.
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TRANSMISSION SYSTEM DATA

Detailed network information is described below, and corresponding data is provided in tables in
Appendix A

36.1 BUSBAR DATA

The data for theyear 2A1/12 is given inTable A.1 The data comprises the node definition,
voltage, active and reactive load.

36.2 CIRCUIT CAPACITIES AND PARAMETERS

The continuous thermal rating of a circuit is the maximum power flow that can be passed through
the circuit on a continuous basis. On overhead lines, the circuit rating ensures that conductor sag
does not infringe statutory clearances and that circuit @d&® is avoided. The thermal rating
varies for each season of the year due to the differing impact of climatic conditions on equipment
performance.

The data for the year 20/12 is given inTable A.2 and comprises of the identification
information, regstance, reactancesusceptanceand seasonal continuous ratings of overhead line
and cable circuits.Table A.3provides the data for changes to the system over the seven year
period covered by thiSFSCS There may be instances where protection systemrattaristics
produce a further limitation.

36.3 TRANSFORMER DATA

BSP, crosborder connections and generator transformer data for the y2at1/12 are provided

in Table A.4 The data comprises of the transformer upper and lower tapping ratiosntineber

of tap steps, resistance, reactance and ratings. The ratings are maximum continuous values and do
not allow for $ort-term enhancement. Table A.Sindicates transformers that will be added over

the seven year period covered by tHiISCS

36.4 INTERBUS TRANSFORMER DATA
Thelnterbustransformer data is displayed ifeble A.6 This comprises the transformer upper and
lower tapping ratios, the number of tap steps, winding resistance/reactance and rating

information. Interbus transformers to be added to the system over the seven year period covered
by thisTSC&re indicatedm Tables A8 andA.9.
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365 3WINDINGENERATORANSFORMER DATA

The Kilroot OCGTs KGT3 and KGT4 are connected to the transmission system via a 3 windin
transformer.Data relating to thigienerator transformer is displayed ifable A.7. This comprise

the transformer upper and lower tapping ratios, the number of tap steps, winding
resistance/reactance and rating information.

366 SHUNDATA

Table A10 indicates the location, voltage level and the magnitude of installed fixed capacitance.
The opeation of this equipment will be variable and dependent on network operating conditions,
configuration etc.Table A.1Zdescribes the location, voltage level and magnitude of installed fixed
reactive support. Capacitance that is to be added to the system over the seven year period
covered by thiFSC$® detailed inTable A.11

36.7 SVCDATA
Table A.12indicates thelocation, voltage level and the upper and lower limits of the Static Var

Compensatiorthat is to be added to the system over the seven year period covered by 8GS
The operation of this equipment will be variable and dependent on network operatingitians
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GENERATION

This section provides details of tlyenerators connected to the transmission system, projections
of future generation connections and details of smaller capacity generators embedded in the
distribution system.

The expected increase renewable generation capacity (predominantly wind) wil &aarge
impact on the operation and planning of tid transmission systerover the nextseven yeas. It
Is important to understand theomposition of theNI generation portfolicas well ashow system
operating characteristics are likely to change ia fferiod covered by thi§SCS

For a detailed generation adequacy analysis, SONI in conjunction with EirGrid have published the
AlkIsland Generation Capacity Statement 2@0R0".

CONVENTIONAENERATION CAPACITY
In NI conventional thermaeneration plant can be spit into two contractual categories:

e Plant contracted to NIE PPB (Contracted Plant)
¢ Independent Power Producers (N@ontracted Plant)

Table C.2%rovides a complete list afontracted andnon-contracted generators connected tdé
NI transmission system.

4.1.1 CONTRACTEDONVENTIONAL GENERATION CAPACITY

Plant contracted to NIE via their Power Procurement Business (PPB) underspireg contracts, or
contracts negotiated thereafter, totalsOD7 MW, measured as output capacityt generator
terminals. Details of capacity and contract information for individual generators can be seen in
Tables C.ZlandC.2.

The contracts contain expiry dates, though the Utility Regulator (UREGNI) may cancel contracts at
earlier cancellation datesOn the 18 of June 201QJREGNI took the decision to end the GUAs for
the coal/oil fired Kilroogeneratingunits KL andK2 after a consultation proce$

The Power Purchasing Agreements (PPA) or Generating Unit Agreemensy ¢Gibh availability,
operating characteristics, payments, metering etc. These Agreements cover matters such as

'3 http://www.soni.Itd.uk/newsstory.asp?news_id=99
' http://www.uregni.gov.uk/uploads/publications/100610_GUA_Cancellation_Decision_Paper Final.pdf
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outage planning, emissions and fuel stocks. PPB pays a Transmission Use of System (TUoS)

SONI.
4.1.2 NONCONTRACTED CONVENTI@GMZNERATION CAPACITY

UREGNhas a duty to promote competition in the generation and supply of electritiig isin line

with the EU IME Directive (concerning common rules for the internal market in electricity
2003/54/EC)whichwas introduced in Jie 2003 Coolkeeragh C30, Kbt K1, K2, KGT3 and KGT4,
the Moyle Interconnector, as well asB5 and B6 at Ballylumfordare all Independent Power
ProducerqIPP$in NL IPPs pay a Transmission Use of System (TUoS) to SONI.

4.1.3 PLANNED CONNECTIONEONVENTIONMENERATION PLANT

AES Kilroostill holdsa formal connection offer for additional generation capacity. At the time of
the data freeze Kilroot have been unable to confirm a commissioning date for this additional
generation. In a change to the previous statement, no thernmelegation plant is planned to
connect to the NI Transmission System overgbeenyears covered by thiESCS

4.1.4 ASSUMED RETIREMENTORVENTIONAENERATION PLANT

In line with the Alisland Generation Capacity Statement 2€200PR0; t has beerassumed by SONI
that Ballylumford units B4, B5 and B6 will be dcommissioned by December 2015his
decommissioning is driven by tlidJHeavy Fuel Oil Directive.

RENEWABLE GENERATION
4.2.1 RENEWABLGENERATIODEVELOPMENT INITIATIVES

NON FOSSIL FUEBLIGATION

There are a number of renewable generation schemes that are contracted withnN&E the Non
Fossil Fuel Obligatiod (NFFQ.) The commissioned schemes are show@ble C.3 Contracts
will expire from between April 2012 and August 2013r the purposes of thiISCSt is assumed
that all the plant will continue to remain available as renewable IPP plant.

NORTHERN IRELAND RENEWABLES OBLIGWROR

Under theRenewables Obligation Order (Northern Ireland) 2Qhére isa legal requirement on all
NI licensed electricity supplierso provide Ofgem (on behalf of theUtility Regulator UREGN)
with evidence that a specified quantity of the electricity suppliedfittal consumerscan be
accounted for by generation from renewable sources.

5 hitp://wvww.detini.gov.uk/deti-energy-index/deti-energysustainable/northern _ireland renewables_obligation .htm
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Renewable electricity generation technologies receive Renewables Obligation Certificates (ROCS)
for the electrical energy they generat8upplierscan then buythese ROCdo fulfil part of their
Renewable Obligation The obligation is set at a level higher than the amount of renewable
generation availablegiving ROCsa value The income renewable generators receive from ROCs
incentiviseghe development of renewable generatidachnologiesn NI.

4.2.2 EXISTING/APPROVEENEWABLE GENERATION

The WFPSschemes that are already connected to the NI network, and schemes approved for
developmentor that are in constructiorat the time of the data freeze, are listed Tlable C.4 In
Autumn 2011 the firsttransmission connecte?/FPSn Nlis due to be connded at 110 kV Slieve

Kirk will have a capacity of 2.6 MW will be connectedt the Killymallaght cluster.

As was discussed fgection 3.8NIE are developin§VFP<lusterswhich consist ofa 110/33 kV
substation in the vicinity of a number aVFPSocations These WFPSgould connectinto the
cluster atthe 33kV level.

Figure 41 shows the locations dfVFPSshat are connectedr underconstrucion at the time of
writing or have had their connection offer accepted. The map indicitesarious 1183 kV Bulk
Supply Point$BSPsand WFP S lusterssubstationghey feed into, up tadhe winter of2017/18.

MW EXISTING WIND FARMS

MW COMMITTED WIND FARMS COLERAINE

/%\45MW

LIMAVADY

%\37.7 MW
LISAGHMORE ,I}\MID ANTRIM
15 MW 20 MW

KILLYMALLAGHT
50.1 MW

STRABANE
4# 27.4 MW 15 MW

CARNMONEY

13.8 MW){}\

4\MAGHERAKEEL
60.6 MW

OMAGH
4}\75.7 MW
20 MW

DUNGANNON
FALLAGHEARN 15 MW
*

ENNISKILLEN

*Slieve Divena 1 transferring from Omagh Summer 2014

Figure 41: Existing and Committed Wind Farms
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4.2.3 UNAPPROVHRENEWABLE GENERATION

The Draft Strategic Energy Framework (SEED 6 NI states that 40% ddlectricity consumption
in NI should come from renewable sources by the year 2020. Currently SONI, aloridjEviind
EirGrid, are planning for this 40% target to be met by the year 2020.40%governmenttarget
translates into approximatelt600 MW of renewable generatiorcapacityin NI. This figure is a
reduction on the figure quoted in the 200BSC%s the NI demandin 2020is now forecast to be
lower. This demand reductiocan be attributed to theeconomic downturn.

If the SER020 targetfor electricity is to be metit is clear that theNl wind generationcapacityin
the year 2017/8 will need to be greater thanthe 542.3 MW of renewable generatiorthat is
connectedor approvedfor connectionat the time of thedata freeze.

In order to ensure that this statement is representative of the future NI transmission system
renewableprojectsthat were notapprovedby NIEat the time ofthe data freeze but are expected

to connect to the NI Transmission System over tiegt seven yearbave been modelled in the
TSCStudy files.Theunapprovedwind generatiorthat hasbeen included in thd SCStudy files ae
detailed inTable 4.1and Appendix C.5

Ny 5 APPROVED CAPA
Ob 0 0 0 014 20 016 20
ALTAHULLION 276 | 27.6 | 27.6
ANTRIM 7 7 7
ENNISKILLEN 3 3 3 23.7
FALLAGHEARN 225 | 225 | 315 | 315
KILLYMALLAGHT 20 20 35 35 35
LARNE 10 10 10 10
LIMAVADY 63 123
MAGHERAKEEL 375 | 375 | 375 | 765 | 76.5 | 885
MID-ANTRIM 18 18 18 18
NEWRY 125 | 125 | 125 | 125 | 125
OMAGH 71.7 | 71.7
POMEROY 47 47 53 53
Totals 0 375 | 70.0 | 150.5( 259.1| 408.8 | 501.5

Table 4.1 Capacity and location of unapproved wind generati@oy year end
It should be noted that NIE have indicated tl&lteve Diven&FPSwill transfer from Omagh to

FallaghearrClusterin 2014. Hgure 42 uses information from the list of wind applications in the
planningservice to demonstratevhererenewablegeneration may be locateith 2020
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Figure 42: Potential Renewable Generation in 2020

It is clear fromHgure 42 that the majority of the reewable connections are in the Northern and
Western regions othe province. This coincides with some of the weakest areas of the existing
transmission networklt can be concluded that for NI to meet renewable targets, improvements
will have to be made tthe transmission network in these areas.

The Renewable Integration Development Project BAD® currently identifying the optimum
reinforcement of the electricity transmission grid in the north and the north west of the island to
cater for expected power output from renewable energy sources

43 NORTHERN IRELAGENERATION MIX

The chart inFigure 43 shows all existingnd planned generation over the next seven year period.
Superimposed onto the chart is the demand predicted for the next seven years. The demand
forecast is described in detail Bection 5.4 The demand forecast scenario taken fr@action 5.4

and usedn Hgure 4.1is the realistic scenario.

16 www.ridp2020.com

49


http://www.ridp2020.com/

44

2011SONI Transmissi@ystemCapacity Statement

Figure 4.3shows a surplus of generation in relation to the demand. However, factors such as
economic dispatch, wind variability, reserve requirements and actual HVDC interconnector flows
are not taken into account.

EXISTING AND PLANNED GENERATION
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Figure 43: Existing and’lanned Generatior2011-2017

The assumedretirement of BallylumfordB4, B5 and B6 in December2015 means thatNI
Generation capacity is reduced by 540 MW for the last two years of sfligig. reduction in
GAS/HFO generation capacity means th&téfMoyle HVDC linkand wind generation are removed
from the stack for examp|éNlwould have a generatiodeficit and would be depending on energy
from Rol to meet the peak demandlhe chart also shows the large increases in wind generation
expected over the next seven ysa

SMALL SCALEMBEDDED GENERATION

4.41 CUSTOMER PRIVATE GENERATION

A number of customers have been reducing energy consumption at times of peak demand by load
shifting or by running private generationSONI has tended to view this generation ram-
permanent due to a number of factors:

e The operation of this plant is not as reliable as conventional contracted plant
e Variable generation costs, e.g. diesel and hire charges
e Variable tariff price signals
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Based on the 20@ 10 winter, generation of ths type is estimated to totadid MW. This is a
reduction compared to previous years, where figures 00 MW were calculated This further
reduction can be attributed to the economic downtuoecurring inNland rising generation costs.

A 22 MW Aggregate@enerating Unit (AGU) is operated by Energia in the SEM. The AGU is made
up of diesel generator sets located arouNdt

4.4.2 COMBINED HEAT AND POWER

There are currently 3 fully dispatchable 3 MW CHP units operated by Contour GldHalimese
units currently participate in the Single Electricity Mark&here is a further 8 MW of CHffant
connected to the NI System; this 8 MW is expected to rise to 19 MW by 3@Nhasconsideed
this increase when forecasting demand groviah the period coveredy thisTSCS

4.43 BIOMASS & BIOGAS

In Nlthere is currently 1 MW of solidio fuelsand 13 MW of landfill gas generation. It is assumed
that by 2020 biomass generation capacity is expected to increase to 2 MW and biogas generation
capacity is predicted to 27 MW.

4.44 SMALESCALE RENEWABLE ENERGY SYSTEMS

The UK Renewable Energyrategy(RES) describes howni April 2007 the Code for Sustainable
Homes came into operation as the national standard for sustainable new build homes. A rating
from 1 to 6 for new homes designed and assessed against the Code is helping developets to buil
more sustainable homes which include, where appropriate, sstale renewable energy systems.

Typically homes built to Code level 3 and above, the current standard for ptfalcgd housing,

have high levels of energy efficiency to reduce the enaepuirement combined with solar
thermal or photo voltaic panels, air or ground source heat pumps as well as biomass boilers.
Implementation of theseenewable energychemes wilaffect the NI demandprofile. The impact

on the NI Demand profile will benonitored into the future as these schemes become more
prevalent

4.45 OFFSHORE WINAND MARINGENERATION

Offshore Renewable Ener@jrategicEnvironmental Assessment (SEA) 280¢as concluded that
between 900MW and 1200MW of electricity could bee@nerated by 2020 from offshore wind and
marine renewables (tidal arrays) in NI watefBhe SEA stated that these levels of-siifore
renewable generation can be accommodateudthout significant adverse effects on the
environment.The SEAhasidentified two mainresource zones for cBhorerenewablegeneration

' hitp://www .decc.gov.uk/en/content/cms/what_we_do/uk_supply/energy mix/renewable/res/res.aspx
'® http://www.offshorenergyni.co.uk/EnvironmentalReport.html
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The Crown Estates are seekingpeessions of interesn September 2011 for thegfit to develop
renewable generation inNI waters. At the time of writing SONI are in contact withese
developers regarding the connection aff-shore renewablgeneration. It is not expected that this
off-shore windor marinegeneration will be connected by the period covered by T#CS

4.45 SMAL SCALE HYDRO

There are currently 3 MW of smaltale hydro generation installed on the waterways of NI. This is
a mature technology however due to the lack of suitable new locations; the -sca# hydro
capacity is not expected to increase in the faeable future.

ELECTRIQEHICLEEEV)

The UK Renewable Energy StratéR¥) has detailed targets for energy consumptiofrhe RESs
aiming to achievehas set a target fol0% of transport energgonsunption from renewable
sources by 2020.

Travel by road is responsible for 70.3% of all energy consumed in the transport sector therefore
offering the largest benefit from decarbonisatio@ne of the emerging technologies in this sector

is the Electric VehiclEV) To meet the 10% target by 20&@ere is likely to be an increase in NI
System Demand in the coming years as a resulEVWtharging.SONI have preliminary studies
ongoing into the operational implications of potential demands on the network caused by EV.

GENERATION OPERATION

The schedulingand dispatch of generation is undertaken on altisland basis to meet the
requirements of theSEM Generators submit bids and technical offer data into the market, until
10:00 hours orthe day before dispatciiday-1). These bids nominatehe output valuewhich the
generator can achieve, and tlgice. The technical offer data contains information such as running
times and outpu limitations etc. All bids and data are collected and submitted to the market system.

Aprogram called Resee Constraiad Unit Commitment (RCUgen creates a generation operation
schedule for the following day. A medtder of generators is establishest tha in the event of a
forcedgenerabr outage, SONI/EirGridknown what unit(sshould economicallie called on tomeet
demand

' http://www.decc.gov.uk/en/content/cms/what_we_do/uk_supply/energy mix/renewable/res/res.aspx

52


http://www.decc.gov.uk/en/content/cms/what_we_do/uk_supply/energy_mix/renewable/res/res.aspx

47

2011SONI Transmissi@ystemCapacity Statement

HARMONISEANCILLARY SERVICES

Ancillary Services are products, other than energy, that are required to ensure the secure
operation of the transmission systerithese serviceform part of the $stem Support Services
(SSS) iNl. Theprovision ofAncillary Services on the Island of Ireland has been harmonised so that
generators in NI and Rol are treated with parity.

These ASagreemens coverdetails of payments andharges associated withesewne and reactive
power provision.

4.7.1 RESERVE

Transmission systems must be able to deal with unexpected losses of generation capacity or
unexpected increases in demand. This is accomplished by maintaining a prudent level of operating
margin. The operang margin is the amount of reserve available (provided by additional
generation or demand reduction measures) above that required to meet the expected power
system demand. The prudent level of operating margin required for the island is set jointly by the
SONI and EirGrid

Critical factors which input into setting that prudent level include the large$téa on the island,
variability in load and generation in the operational timeframe, generation reliability and the
reliability of provision by servicgroviders of reserve. Service providers are contracted to provide
reserve through the AS agreements

Currently in the SEMhe total combined system spinning reservejugement is based on b of

the largest island ufieed. Also NI generating uniturrently must carnat least 50 MW opinning
reservebetween them.The 275/220kV Tandraged.outhtie line enables spinning reserve toe
shared between the NI and Roransmissionystems. The allocation of sharing spinning reserve is
kept under reviewto maintain an optimal economic and secure operation of the combined
systems|In addition to this spinning reserve the Moyle Interconnector can carry up to 73.5 MW of
static reserve depending on the flow of power between GB and NI.

When te 275/220kV Tandraged.outhtie-line is in operation;at leastthree thermal generating
units in NI are dispatched when the tie line is out of service and NHolated from the Rol
Transmission Systena minimum of fourthermal generating unitsare dispatched onhe NI
Transmission Systent required SONI can restore thgeneratiorrload balance by shedding load
via a low frequency selective tripping scheme.

% Harmonised Ancillary Services Policy Decision Paper
http://www.allislandproject.org/en/transmission_decision _documents.aspx?page=2

53


http://www.allislandproject.org/en/transmission_decision_documents.aspx?page=2

2011SONI Transmissi@ystemCapacity Statement

4.7.2 REACTIVE POWER

SONI and EirGrichust maintainvoltage stability on thesland of Ireland;this is achievedby
ensuring thatthere are theappropriate leved of reactive powerreserves(leading and lagging)
availablethroughoutthe Nltransmission systenfsenerators can provide dynamic reactive power
supportto the NI Transmission System

It should be noted thathe Transmission Systewoltagecanalsobe controlledby:
e Altering transformer tap positions

e Switchingin/out shunt reactors or capacitoand
e Infuture, the Network Reactive Compensation Schemescribed irSection 3
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DEMAND

This section of thélransmission System Capacity Statem@&Cdescribes thebase demand
data, upon which the analysis is based. It describes in detail the overall sygpeaofiles, load
duration and the load at individual Bulk Supply Points (BSP). In the final s&xidgign 5.5 BSP
demands are compared to substation firm pe&ities to establish demand connection
opportunities.

SYSTEM MAXIMODMMAND

The System Maximum Demand (SMD) data is based upon totalised data from power stations,
interconnectors, renewable generation and customer private generators. SONI are thaare
temperature and economic activity are factors that can affect demand.

Temperature has been found to have the greatest effect on demand compared with other
meteorological factors. Temperature correction in the form of an Average Cold Spell (AlgSana

IS necessary to remove the demand variation caused by temperature, thus enabling the underlying
demand growth rate to be determined more accurately.

The past two years have been difficult for the NI Economy because of the recession and the
associaté reduction in Public expenditure. It is anticipated that, with the prospect of dwindling
public expenditure in 2011 and the followidgS | @¢@hamic growth will be restricted and this
may lead to a decline in business activity. This resultant reduatidnisiness activity will have an
impact on the SMBorecast®*

This 2@1-2017 TSC$s basedon the SMD forecast data up to and including the 20® winter

period. The 2@9/10 NI systempeak demand was1866 MW. Ths peak demand occurred on
Tuesdayl2" January2010between 17.00 and 17.30hr§able 5.1shows when thesystem peak
demandis adjusted to ACS conditions, the correcpehkdemand was found to b&796 MW

GENERATION TYPE 2009/10

Centrally Dispatched Generating Unitsinterconnectors | 1547 MW
Renewable Generation 275MW
Customer Private Generation 44 MW
System Maximum Demand 1866 MW
ACS Corrected System Maximum Demand 1796 MW

Table 5.1: NI 209/ 10 ACSSystem Maximum Demand

2L M. Smyth: First Trust Bank economic outlook and business review 25.4 December 2010
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This 2009/10 ACS peak demamidl 796 MWis a reduction from the 2008/09CS peakiemand
value of1824 MWreflectingthe downturn in the NI economyrhe 2010/11 ACS peak1796 MW
ties in well with theforecasted2010/11 ACS peakhat wasbased on the 2008/09 data df793

MW.

The generated SMprofile for 2009/10, including renewable generatiors shown in the demand
profile inHgure 5.1 This maximum demand is as a result of coincidental customer usage patterns,

e.g. domestic cooking load and lighting load. The profile does not includdetinand that was
suppressed by customer private generation.

GENERATED PEAK DEMAND PROFILE
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Figure 5.1: Generated Peak Demand Profile fo020L0

5.2 DEMAND PROFILES

The graph below irFigure 5.2shows daily demand profiles of days of maximum and minimum
demand for differentseasons of the yea?009/10 For the purposes of this statement these

seasons defined as

Winter Maximum; the highestNI demand between Decembe2009 and January 2010

inclusive
Autumn Maximun the highestNI demand between Septembel0R9 and November 2009

inclusive
e Summer Maximumthe highestNIdemand between May009 and August 2009 inclusive

e Summer Minimum the lowestNIdemand between Mag009 and August 2009 inclusive
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Note that the winter profiles do not include the demand that was suppressecubiomer private

generation.
DAILY DEMAND PROFILES 2009/10
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Figure 5.2 DailyDemand Profilefor 2009/ 10
521 WINTER

The winter profile is at similar levels to the profiles seen in previous years because of the low
temperatures in the 2009/10 winter. As for the shape of the peofiie nighttime loads during
winter are higher than in summend autumn Between the hours d#6:30 and09:00 there is a
sharp rise to reflect the build up to the working day, before demand flattens out until the evening
time peak.

The time of peak emand forthe winter profiles occurs at 17:30 due to the onset of the lighting
load and the increased domestic téine load. In recent years the difference between the
autumn and winter peaks has narrowed; indeed, on this occasion they are 100MW apart.

522 AUTUMN. SUMMERMAXIMUM

Milder temperatures inautumn 2009 have highlighted the fact théhe NI demandhas fallen in
2009 compared with the previous yearWhen compared with theutumn 2008 theprofile has
dropped fromwinter maximum overnight levelslose to Summer Maximum profile

The summer maximum profile isS & &  tHard$hie quiitn and winter profileswith a reduced
load factor, generally reduced levels of dematdhe tea time peak at (17:3@nd the later onset
of the lighting load, at 21:00.
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5.2.4 SUMMER MINIMUM

The time of summer minimum demand occurred at 06.30an8andaythe 12" of July 200. This

is reflected in the fact that the time of peak demand is around 13:00, due to the increased
lunchtime cookingoad. The summer minimum time period Becomingincreasingly important
from an operationalplanning perspective. At reduced load levelsachieving the minimum
generation capability with the correct mix of generatioandbecome operationally problematic.
This situation is exacerbated dsstributed connectedgenerationpenetration levels increaseIn
2009/10, the demand is around9% of winter peak.

5.3 LOAD DURATION CURVE
Figure 5.3shows the Nload duration curvdor 2009/10. The curveshows the percentage of time

in the yearthat a particular demand value was exceed&dr example, demand exceeded 1000
MW for more than %% of the time.

NI LOAD DURATION CURVE 2009/10
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Figure 5.3Load Duration Curve 2@310

5.4 SYSTEM MAXIMUM DEMAND FORECAST
The graph irFigure5.4 plots the historic system peak demands for the pa3y8ars. The red line

on the graph is a trend line, highlighting the average growth in peak demand overOtlyeaB
period.
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OVERALLSYSTEM HISTORIC MAXIMUM DEMANDS
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Figure 5.4 System Historic Peak Demand Profile

Figure 5.4shows thatbetween 2002/03 and 2007/08 thpeak demand has been above average,
the peak demand plot takes a sharp decline below the trendilin2008/9. The 2009/10 peak is
higher thanthe previous year because of the exceptionathjdctempemturesexperienced irNIin
the winter of 2009/10.

Due to continued economic uncertaintONI have forecast three scenarios, which could happen
over the forthcoming seven year period. These scenarios are detailed briefly below:

e Arealisticscenario, where theconomymakesa slow recovery.

e An optimistic scenario, where the economy recovers more quickly than expected, as a
result of the various stimulus measures being taken by governments. Economic growth
would therefore be quicker than ithe realistic scenario.

e Apessimisticscenario, where thelemand stays constannto 2011, with the earliest signs
of recovery not occurring until 2012 at the earliest.

Table 5.2shows the seven year load forecasts for each of the three scenarios dabatilove. All
three of the load forecasts are corrected for ACS conditidgiigure 5.5plots these thredorecast
scenarios and also shows thestoric ACpeak demands fromwvinter 2000/01 onwards.
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SCENARIO\ 2011/12 2012/13‘ 2013/14 2014/15 2015/16 2016/17 2017/18

REALISTIC | 1833 1857 1883 1911 1939 1967 1995

PESSIMISTI 1799 1809 1824 1845 1866 1888 1909

OPTIMISTI] 1865 1898 1931 1965 1999 2034 2070
Table 5.2: Seven Ye&CSPeak Demand Forecast
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Figure 5.5Three ACS corrected peak demand forecasenarios

Throughout thisTSCSSONI will be using threalisticdemand scenario, as most economists believe
that this is the most likely scenario to occur.

110/3%kV BULK SUPPLY POINT DEMAND

The BSP demand forecasts are provided by NIE and are adjusted to align with the overall system
ACS forecasts. These demand forecasts are based on localised demand trends at individual noda
level. Consideration is given to future block load transfersmfane BSP to another. Tables and
information relating to demand forecasts are containedijppendix D

Thewinter, autumnand summer BSP total installed transformer capacity, substation firm capacity
and predicted demanddn MVA, are given inTables D.1, D.3and D.4 Table D.lpresents the
winter peak demand forecast, in MVA, at each substation, based on a single circuit olttags.

been necessary to use single circuit outage condition as this reflects the most onerous condition
with respect to usef plant capacity.

62



2011 SONI TransmissBystemCapacity Statement

The firm capacity is based on the loss of onégd (or transformer)to the substation, and is the
capability of the remaining circuit. The geographical location and connectivity of the BSPs can be
determined fromMaps B.1landB.2.Table D.lhighlights a number of BSPs where the focapacity

has been, or will beaxceededver the seven year period

Specificallyliese substations are:

Drumnakelly

Eden

Lisaghmore

Strabane
Waringstown

e Knock

e Donegall Main (North)

NIE have provide@ description of how the overloads will be managed, e.g. new transformer
capacity, load transfer et¢these are detailed iAppendix D2.

Table D.2indicates available capacity at each BSP. This table follows onTibia D.1 and is
therefore again bhsed upon the winter peak load, in MVA, under a single circuit outage. The table
is drafted on the basis of not extending load shedding. The purpose of this table is to assist
network users in assessing connection opportunities. It will be necessargrityp aut further
detailed analysis depending on the magnitude and type of load to be connected, to establish if a
connection is viable.

Tables D.3and D 4 present the demand forecash MVAunder single circuit outage conditiomsr
the next seven years féxutumnMaximumand Summer Maximum

In this TSCSresults of aninvestigation intothe risk of thermal overloadtausedby renewable
generationpower flowsat times of low system demanthn be seen ifable D.5 This analysis Isa
been carried out at substations where theae high levels of distribidn connected wind
generationfor 2011, 2014 and 2017

A negative loading infable D.5indicates that the renewable generation is supplying the
distribution connected load at thed® and is supplying power onto the NI Transmission System.

Table D.6gives an indication of the available capacity at the BSPs under Summer Minimum load
conditions with maximum wind generatiohike Table D.2the purpose of this table is to assist
network users in assessing connection opportunitiésble D.6showsthat power flows at the
Aghyoule and Omagh BSPs exceed the substation sating

63






6 TRANSMISSION SYST!
POWER FLOWS







6.1

2011 SONI TransmissBystemCapacity Statement

TRANSMISSION SYSTEM POWER FLOWS

The power flows are represented on schematic diagrams oNtheansmission system, and can be
found in Appendix H. They are the method by which results of load flow analysis are best
displayed. They provide a broad view of the system as it develops over the seven year period and
also display seasonal loading conditions. The power flows are an important guide sgdessiag
system capacity and possible locations for connections.

It is important to stress that the power flows represent system normal conditions. The power
system is designed to cope with the higher thermal loading experienced under abnormal outage
conditions as specified in the Transmission and Distribution Systeecurity and Planning
Standards

INTRODUCTION TO THE POWER FLOWS

The previous sections have described the background to the NI transmission system and the
manner in which it is desmgd and operated. This section of the report deals with the results of
systempower flowstudies for the forthcoming seven year period.

Power flows are provided for the NI transmission ewystfor the years 201/12, 2014/15 and
2017/18. The power flows i$playnetwork voltagedor all system 275, 110 and &¥ busbars, the

flow of active and reactive power on circuits and the active and reactive load at all Bulk Supply
Points (BSP).

The power flows are displayed in schematic diagram formatseri&s of figures idppendix H

In any one year, the power flows on the NI transmission system vary on a seasonal basis, with
varying demand and a changing generation profile. To give an appreciation of the effect of these
different load and generatiortombinations, thisTSCSonsiders three representative seasonal
power flows for each of the years above. The seasons and load conditions are:

¢ Winter maximumload condition(100% of the ACS Winter Peak)
e Summemaximumload condition(77% of the ACS Wint@eak)
e Summer minimum load conditiof29% of the ACS Winter Peak)

The power flow studies represent normal system conditions with no transmissiayenerator
outages as a result of a fault or for maintenance. Some transmission circuitsoamally run

open, for example, to avoid overloads or reduce fault levelghe effect of fault or maintenance
outages is assessed®action 8-W¢ NI yaYA aaAizy {@adSy /FLIoAtAGSe
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The changes to the transmission system used in the power flow models are those projects
described betweergections 3.4 - 3.9. It is important to note that if projects are not completed as
planned, then there may be system security issues, and certain circuits may be overloaded.

Generation dispatchewere prepared on an all islaretonomicbasis, with power flows across the
existing 275V and planned 40RV tie lines maintained within capacity and transfer limitas is
commonoperationalpractice, reactive poweransfers across the tiknes arekept to a minimum.
The 110kV connectionsbetween NI andRol are assumed to run with zero power transfer in line
with current normal operational practices.

The Moyle interconnector is operating throughout the period covered by TISES In line with
what has been observed flowing on Moylerdhghout the last year, the following assumptions
have been used in this section:

SCENARIO POWER FLOW (&B)

WINTER MAX 325MW
SUMMER MAX 317 MW
SUMMER MIN 235MW

Table 6.1: MoyldnterconnectorAssumed Flows

It should be noted thathese assumed flows atdargerthan assumed in previous statements the
implications of the larger Moyle flows particularly for the Summer Minimum condition are
discussed irsection 6.2

In all power flows, from H1 to3 wind is runmg at 30% of instalte capacitythis approximates to
the expected load factor for NI wind generatio®etails on wind farm locations and capacities can
be found inAppendix C.4

Since the previou$SC$he key changes to the transmission systemdel forpower flowsstudies
include:

e Modellingof the 33 kV network betweeBSPsnd plannedexistingWFP&onnections

e Modelling of BSP loadsvith seasonalpower factors This change generally reduces the
reactive power required from the NI Thermal Plant in the power flows whenpeoed to
the previous statement. This change has been validatednalysis SONI has carried out on
BSHmnetering at different times of the year.

e The calculation of house loadsrfthe different generator outputlevelsenables accurate
representation of the system demand conditions in (R@CStudy files.

e The modelling of cluster substations to connect NMFPS

These key changessult in more accuratpower flow conditions and more representative results
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POWERLOWS FOR 2012

The three power flows presented fdine study year2011/12 can be found iMppendix Hand are
as follows:

e Figure H: Summer Maximum, 201
e Figure F2: Summer Minimum, 2011
e Figure K8: Winter Maximum, 201/12

Key projects in the2011/12power flowsinclude:

e TamnamorePhase 1the establishment of a ne®75/110 kV substation

e DungannorOmagh Phsel: upgradeof the DungannorOmagh circuits to thelynamic line
rating valueof 120 MVA folummerand Autumn 2011.

e DungannorOmagh Phas2 The rating of botiDungannorOmaghcircuits are increased to
190/200/210 MVAby Winter 2011/12

e The ¥ Hannahstown IBT¥ included in th&Vinter 2011/12file

The 2011 Summer Minimumpower flow showsan export ofcirca 240 MW tothe Republic of
Ireland (Rol)this is @& increase fronthe 27 MW export observedn the Tandrageé.outh 275 kV
double circuitin the Summer Minimum power flow fromthe previous statementThisincreased
North-South flowcan be attributed to

e Higher minimum generationlevel of the 3 NI thermal machineslue to AESKilroot
increasing the minimum stable generation level of K1 antbkOMW (generated}
e The increasedssumedoower flow fromGreat Britain (GB)n the Moyleinterconnector

As with the previous statemerat Summer Minimum load condition®ower flows can be seen on
the Coolkeeragho Magherafelt 275V double circuitSmilar flows can b@bservedonthe 110 kV
KellsColeraine and Dunganne@dmaghcircuits These power flows from the NorthWest are a

resultof the generationin the NorthWest regionexceedinghe local demand

The 2011/12Winter Maximum poweiflow shows anmport of roughly 1 MW from Rol This is
due toabout 1000 MW ohew high merit orderCCGT plant operaiy in RoJ coupled with theNI
wind generation displang older, less efficient plant in NI.

“http://www.uregni.gov.uk/uploads/publications/100610_GUA_Cancellation_Decision_Paper_Final.pdf
*After the data freeze date NIE have notified SONL the0 kV Invar and Gap conductaill be rated at177/181/183 MVA
instead of 19(r00/210 MVA
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POWER FLOWS FOR42131
The three power flows presented for 24/15 can be found irAppendixH and are as follows:

FigureH4: Summer Maximum, 2@1
Figure Fb: Summer Minimum, 204
Figure Hb: Winter Maximum, 204/15

By winter 2014/15 NI wind generation capacity has increased from winter 2011/12 levels of 398
MW to 685 MW. Three significant, unapproved projecgse included in the 2014/15 SCStudy
filesto accommodatehis increas in wind generation capacitin brief, these are:

e TamnamorePhase 2completion of the275/110 kVsubstation

e (onstruction of a3 110 k\circuit betweenOmaghand Tamnamore

¢ Introduction ofReactive Compensation Schena¢astlereagh, Tandragee and
Cwlkeeragh

The completion of Tamnamore substation resultsan operational requirement to run the
Drumnakelly to Tamnamore 11 circuitsopen. This operational change driven by the need to
ensure the powerflows, createdby wind generationin the North Westare transferredup oo the
275 kV transmission network at the Tamnamore node.

By winter 2014/15 there is 685 MW dl wind generationcapacityin the study filesThis wind
generation is made up of approveahd unapprovedaonnections The ungproved wind generation
Oty 68 aS8SSy Y2RSttSR i WEEQ 3ISySNI G2ZNEOD

NI wind generation is modelled in power factor control mode with a target power factor of 0.98.
This WFPS control regime results in an increased reactive power demand on the NI Transmission
System in 2014/15 compared to 2011/1Zhe Network Reactive Compensation Schemes
(described irSection 3.4.4located atCastlereagh, Coolkeeragh and Tandragaeially supply ths
increased reactive poweload. These schemeseduce the reactive powerldws that would
otherwise be seen flowingcross theNl TransmissionyStemfrom generation sources in the East.

It can be seen that iwinter 2014/15 the reactive compensation schemes are supplying 125 MVAr

to the NI Transmission System.

The 110/33 kVwind clustersubstations(see Section 4.2.2 can be seen in th€014/15 network
diagrans. The MidAntrim, Pomeroy and Fallaghearmiustersare connected intcexisting110 kV
circuits Magherakeel and Altahullionlustersare connected by singl&l0 kVlinesto Omagh and
Limavady respectively.
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POWER FLOWS FOR721&1
The three power flows presented for 2018 can be found irAppendixH and are as follows:

Figure H: Summer Maximum, 201
FigureH8: Summer Minimum, 2017
Figure F: Winter Maximum2017/18

The most significant chande the NI Transmission Systenyl2017is the introduction of the new
Turleenanc Mid-Cavan400 kV tie line with Rol This 400 kV line andssociated 400/27%V
substation at Turleenars due to be establisheid winter 2016/17.

ThePhase 2 plant at Ballylumford Power Station B% and B6 are no longassumed to be in use
from December 2018lue to EU legislation on emissioi$ie CCGT at Kilrotitat was included in
the previousTSC8as not been included in these power flow studassdiscussed iBection 4.1.3

At times of minimum demand in NI, there is a need for at least thgererating unitsto be
dispatched at all times (segsction 4.7). It has been suggested thattter the establishmentf the
Turleenang Mid-Cavan 400 kV tie lingéhis rule can be relaxed to a minimum of twenerating
units. Detailed analysis has still to be completedverify this In thisTSCSthe summer minimum
case in 207 has still been dispatchedith three machines. System studies have shown that these
machines must include a Coolkeeragh machine and a Kilroot matchimaintain voltage stability

In all2017/18 power flowcases, circulating power flows can be seen on the connections with Rol.
As was the case in the previollSCPower is generally imported on the 400 kV line and exported
on the 275 kV line details can be seeMable 6.2below.

Tandrages; Turleenang Mid-  Net North South

Scenario

Louth 275kV Cavan 400 kV Flow
SummemMinimum 2017 -240 MW 137 MW -103 MW
Summer Maximum 2017 -94 MW 133 MW 39 MW
Winter Maximum 2017/18 -105 MW 162 MW 57 MW

Table 6.22017/18 Net North-South Power Flove™

When the WFPSs are dispatched at 3fi#put; transmission loadings remain within circuit ratings.
Under certain contingencies, overloads can be seen; this is investigaiedtion 8- Transmission
System Capability.

2 A Negative flow indicates an export from NI to Rol
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POWER FLOWS FOR72BWITH MAXIMUM WIND

This section of the report haseen included @ highlight the effects of significant wind generation
on the NI transmission systerm summer2017,951.1 MW of winctapacityis connectedo the NI
Transmission Systerthis figure increases to 102 MW by winter 2017/18 In all caseshte wind
generators are operatingt 100% active power output ipower factorcontrol mode with a target
p.f. of 0.98leading

The three power flows presented for the maximum wind studies in72D8 can be found in
AppendixHand are as follows:

Figure HO: Summer Maximum, 201
Figure H1: Summer Minimum, 201
Figure H2: Winter Maximum, 207/18

To accommodate this windunder the Summer Minimum loading conditionshe Moyle
Interconnector flow has been reduced from the assumptions stated irable 6.1. In Summer
Minimum power flow, Moyle is exporting 150 MW to GBhere is a net flow of 588 MW to Rol in
the summer minimum power flow.

The large amount of windenerationin NI, particularly in the Northern and Western regions of the
country, drives significant flows of power from the NorthhWest to the East details of these
increased power flows can be seenliable 6.3

KEY NETWORK FLOWS (MW) |

SCENARIO Coolkeeragh- Omagh* - Mid-Antrim -
Magherafelt275kV Tamnamorel10kV Kells110kV
SummerMinimum 30% Wind 240 110 29
Summer Minimum 100 % Win( 480 255 88

Table 6.3: IncreasinBower Flows from theNorth-West

The increased wind output also reduces the voltagi@odes with high levels of wind generation

For example the Omagh 110 kV bus voltage in is 1.038 p.u. in poweH#8ovith 30% wind this
Omagh bus voltage falls to 1.010 p.u. when wind output is increased to 100 % in summer minimum
power flowH11

The power flows withmaximum windshow large reactive power flowsfrom the transmission
systemonto the distribution systemThese power flows increase tleetive and reactive power

* power flows on the Omagh/Pomeroy/Fallaghearn to Tamnamore 110 kV circuits netted together
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losses on the NI transmission systemamatically. There is an extra 100 MVAr of reactive power
losses in théd11power flow compared with théi8 power flow that has a 30% wind dispatch.

SONI has notified NIE (the Transmission Owner) of concerns regarding voltage controltaael
stability in these high wind scenarios. It is hoped that any future Transmigsi@stment Plans
and cluster proposals address these issues.

As is discussed ifection 4.2.3 ambitious renewable generation targetse being set for NI;

investigation intohow this extra generatiorcan be connected and accommodated is currently
underinvestigationby SONI, NIE arklrGrid
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TRANSMISSION SYSTEM FAULT LEVELS

This section presents a summary of the results of the fault level analysis carried out & the
transmission system.Appendix Econtains a detailed description of the fault level calculation
methodology, the generation dispatches and the detailed resditee purpose of this analysis is to
identify fault levels at individual transmission nodes, and to compare these with the relevant
equipment ratings. As generation sources are connected to the network, fault levels rise. Thus,
this section provides a die to potential network users of where equipment ratings are
approaching their rated limits.

INTRODUCTION TO FAULT LEVEL RESULTS

Threephase and singiphase to earth fault levels have been calculated for the following years and
seasons, on an akland transmission network model:

e Winter Max 201/12
e Summer Min 201
e Winter Max 20%/18
e Summer Min 201

Only the NI transmission nodes are published in this Statement, though the analysis is based on an
all-island model as both the NI and Rol systembaaihtribute to fault levels in either jurisdiction.

Winter peak and summer minimum demarstenarioshave been studied, as they should be
indicative of the full range of anticipated fault levels. Two years have been considered for study;
2011/12 highligtts issues with the current network, while 2018 considers a future network with
additional expected 40KV interconnection and generation levels etc.

In this section summarof the resultswill be presented ad consideration is given tthe areas
where specific issues arise and need to be addressed by NIE, the asset owner.

WINTER RESULTS

The generation dispatches used for the fault level analysis can be fouAdpeandix E During

times of winter maximum demand, any generator nasghtched has still been modelled as
remaining connected to the transmission system, albeit at MW level of generation. This
ensures that the most onerous short circuit current is calculated for all nodes on the NI
transmission system, as all generata@re contributing to the fault level. Renewable generation
has been dispatched at 10% to enable all larger conventional plant to be dispatched, while still
ensuring there is contribution to the fault level from renewable generation sources.
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The maps irFigures7.1 and 7.2 summarise the results of the fault level analysis carried out for
Winter Maximum 201/12 and Winter Maximum 204/18. Substations where the fault level
exceeds 80% of the rating are highlightedy&ilow and substations where 90% of thiating is
exceeded are highlighted mrange Substations where the fault level rating is exceeded are shown
in red.

The 80% and 90% of fault level rating values should act as a trigger for further detailed analysis by
NIE, as althouglshort circuit dutes at a node could be approachitige rating of the installed
switchgear, the switchgear may still not be overstressed for one or more of the following reasons:

e The topology of the substation is such that the switchgear is not subjected to the full fault
current from all of the infeeds connected to that node.

e Temporary risk mitigation measures could be in place, such as reconfiguration of the
network or generation redispatch, to maintain fault levels at acceptable limits

e Modifications to switchgear, e.g.puating of equipment, are already in hand that will
remove the overstressing in the near future.

Results for Winter Maximum fault level studies for both 202 and 2017/18 are discussed in
Sections 7.3and 7.4

7.3 WINTER 2012 RESULTS

O >80%
}. Q© >90%
@ >100%

Figure7.1: Winter Max 2011/1 2 Fault Levels
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The map inFigure 7.1 indicates that a significant number of 1KY transmission nodes in NI
experience short circuit currents in excess of 80% of their rated capablligBallylumford 110
kV nodeexperienca fault levek in excess of 100% it rated capability. Table 7.1below provides
a list of all nodes where the fault level is approaching or has exceeded the rating.

% OF RATING NODE kv
>100 BALLYLUMFOR 110

Table7.1: 2011/12 Nodes Approaching or Exceeding Rating

Thesenodesare spreadgeographicallyacross NIfrom Dungannonin the West, toKnockin the
East of the province.

Where NIE have plans in place to uprate equipment they are discuss&tions 7.3.1]and 7.3.2
below. At the time of publishing, this is the best information available to SONI. In the interim risk
mitigation measuresuch as circuit reconfiguratidmvebeen employed by SONI.

7.3.1SUBSTATIONS WHERE THE RATINGEBEASEXCEEDED

BALLYLUMFORD 1KN)

The fault levels at the 11&V node for both thregphase and singlphase faults exceed the
substation ratings. This occurs under maximum generation dondiand under normal network
conditions when both of the 275/11&V interbus transformers (IBTXs) are in service. The
substation is programmed to be replaced with a new kVOGIS switchboard, with wodue to be
completed byWinter 2013/14. In theinterim, SONI manages this risk by operating with one IBTX
out of service, which reduces the fault level below the equipment rating. In some instances,
reconfiguration of the 11&V network around Ballylumford is also used to manage fault levels.

7.3.2SUBSTATIONS WHERE THE FAULT LEVEL ISSWIDHRINHE RATING
CASTLEREAGH 1K\

The rating of Castlereagh 110 kV substation is limited bydiseonnectors which have a certified
rating of 262 kA. With all available generation in service, the faulelef 2617 kA iswithin 5% of
the disconnector rating. The 11/ substation is presently being rebuilt with the disconnectors
scheduled for replacement with 40 kA equipment within the next three years.
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KELLS 11RV

The fault level at Kells 11KV node is approaching the substation rating, being within 3% of the
rated value.The refurbishment of the Kells 110 kV sultista is due to be completed by Wter
2016/17.After the refurbishment work is complete theubstationequipment will be rated for 40
KA.

7.3.3WINTER 2011/CONCLUSIONS

This analysis indicates that fault levels are particularly high at a number of nodes geographically
spread across Nis detailed infable 7.1 Any potential generation connections will require careful
and detailed &ult level analysis to determine the impact on 2KY and 110kV plant and
equipment ratings across the NI transmission network. Plans are in place at Ballylumford,
Castlereagh, and Kells tmprove thesubstation ratings

7.4 WINTER 20M8 RESULTS

O >80%
QO >90%
. > 100%

Figure 7.3: Winter Max 20%/18 Fault Levels
As can be seen fromigure 7.3 by 20%/18 there will betwo substations which experience higher

fault levels than their rated capabilityTable 7.2below provides a list of all nodes where the fault
level is approaching or has exceeded the rating.
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% OF RATING‘ NODE kv
>100 BALLYLUMFOR 110
CASTLEREAG 110

Table7.2: 20177/18 Nodes Approaching or Exceeding Rating

Most of these nodes are located in the East of the country, around the main generation sources
and load centres, and are explained in more detail beMiliere NIE have plans in place to uprate
equipment they are disessed inSection 7.4.1below. At the time of publishing, this is the best

information available to SONI.

7.4.1 SUBSTATIONS WHERE THE RATING HAS BEEN EXCEEDED

BALLYLUMFORD 1K\

Tables BB and E7 show thatthe fault levels at Ballylumford 110/ nodein 2011/12 and 201/18

are very similar. This is because, despite the loss of short circuit current contributionB4®%
and B6, which are assumed to be decommissioned, there are increased contributions from the

wind generation. WhilstTable E7 details the present rating, it is planned that, by 2Qlthe
switchgear will be replaced with 4\ equipment.

CASTLEREAGH 1K\

The addition of a fourth IBTX at Castlereagh would increase the short circuit current for a single
RA & k& satng Dall odtJIBNEs arg iyf 3

phase fault well above th@ dzo a G I G A 2y Q&

service. It is proposeldowever;that only three out of the four IBTXs will be in service at any point
in time, in effect, allowing the existing IBTXs to be taken out of sewitteout a reduction in
transformer capacity. Despite this, the fault level at Castlereagh still exceeds the rating of the

disconnectors; however, it is planned that, by Z0the disconnectors will have been replaced.

7.4.2 SUBSTATIONS WHERE THE FRAENEL IS WITHIN 5% OF THE RATING

COOLKEERAGH K\

Fault levels at Coolkeeragh 18U substatiomow exceed95% of the substation assigned ratiby
2017/18 This is mainly a result of additional wind generation connected to the Nd&ist and as
a resut of the new 400 kV TurleenanMid-Cavan tie line. It is important that NIE address these

concerns as the 95% tolerance limit is exceeded in 2017/18.
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KB_LLS110kV

Fault levels aKells110 kV substation exceed9%o of the substation assigned ratiby 2017/18
Kells 110 kV substation is to be refurbished, with work due to be completed by winter 2016/17.
The substation equipment will then have a rating of 40 kKA.

STRABANHE10kV

At Strabane high fault levels are seen at the 18U substation for aisgle-phase fault, where the
fault level isnow at more than 96% of the rating.This is mainly a result of additional wind
generation connected to the NorttWest and as a result of the new 400 kV Turleegaid-Cavan

tie line. It is important that NIE adess these concerns as the 95% tolerance limit is exceeded in
2017/18.

7.4.3 WINTER 2017/C®NCLUSIONS

As expected, fault levels have generally risen by72I8, due to factors including demand growth,
increased wind and the new 4 tie line with the Rol. However, with the decommissioning of
B4,B5 and B6 at Ballylumford, the fault levels at the R¥5substatios in the Eashave dropped

by circa 5%.

NIE have in place plans to uprate equipment at Ballylumford, Castleraadiells by 207/18, as
equipment margins are reduce®ONI are particularly concerned that the 5% tolerance limits are
exceeded at Coolkeeragh and Strabane 110 kV substaffmisntial generation connections will
require careful aalysis to determine thempact an the NI transmission system.

SUMMER MINIMUM RESULTS

As expected the summer minimum fault level results showAppendix 4.2 and E4.4show no
substation ratings are exceededhe simmer minimumfault levelanalysisfacilitates connection
studies to the network for protection settings. These results are indicative and care should be
taken as lower fault levels may be experienced under certain network configuragapscircuits

out for maintenance. Additionally, detailed stedi may be required to accurately determine
minimum fault levels under these conditions.
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TRANSMISSION SYSTEM CAPABILITY

This section of thelransmission System Capacity Statem@@CEpresents the results of the
2017/18transmission system capability analysis. This enables potential users to assess those parts
of the system which can accommodate new generation connections and the ability of the
transmission system to transport additional electrical power. Using the resh#scapability of

each transmission node on the system to connect generation is shown.

This section contains a high level presentation and analysis of the results. A detailed description of
the assumptions and methodology used in the analgsisvell as tabularised resultein be found
in Appendix F

The basis of the transmission systenpahility analysis is the incremental increase of generation at
transmission nodg the NI Transmission Systenthen tested for a number of contingencies.

The results of the 275/110/38V capability studiegor the year 2017/18are presented in the
following section The NI Transmission System is tested for three scenarios; the new generation
added to the nodes is absorbed by increasing either:

e The existing NI load
e The Rol load or
e The load in Great Britain (GB)

Transmission system capability isglayed geographically iAgures 8.1 to 8.3. More detailed
maps and schematics containing full substation names etc. can be fouAgpendix B The
maximum generation that can be accepted at each node is the minimum transfer capability of the
3 scenals.

Theresultspresented in this section and kppendix Fare indicative and are based on steady state
analysis. Detailed studies considering dynamic stability, fault level analyses etc. are necessary prior
to a connection offer being issued.

TRANSMISSION SYSTEM CAPABRBESULTS
8.1.1 RESULTS AT 2K9

Figure 8.1 displaysthe results for the analysis at 275 kV nodes, for the year 2017/18.nTdype
shows the capability for power transfers on the transmission system for the connection of new
generation at &75 kV node. It should be noted that these results are based on individual studies
of each node, and do not assess the cumulative effect of ttditian of new generation to the
transmission system.
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a @ O MW OF CAPACITY

(O >400MW OF CAPACITY

Figure 8.1Transmission System Capabilities at 275 kV
Detailed 275 k\¢apability results can be found TableF4. TableF5 provides information on the
constraints and contingemesthat limit the capability at each 275 kV station.
8.1.2 RESULTS AT 1&0 AND 3RV

This section looks at the ability of the 1KV stations to accept the connection of smaller
renewable generation particularity WFRPSSor thisTSCXall 110kV stations on the NI transmission
system were examined for the year 2017/18.

The resilts are displayed irFigure 8.2. Since renewable generation in NI is predominantly

connected at 33XV level, an analysis of all 8 nodes at Bulk Supply Points (§S&hd WHPS
cluster substations are also included. These results are displayeglire8.3.
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Figure 82 Transmission System Capabilities E10kV

It must be stressed that these results assess the ability to connect generation at each individual
110/33 kVnode. It is only assessing the capability of the local network and assets. These results
do not assess the cumulative effect on the interconnectedstdhd transmission system or the
operational limitations that may limit the total amount akw generdéion connected to the system

at any time.

Detailed 110 and 33 kV capability results can be fountainlesF.6 and F8. AlsoTaldesF.7and
F.9provide information on the constraints and contingaesthat limit the capability at each 110
kVand33 kV sation respectively

Any new generation connections would require further detailed connection studies, taking into

consideration all other existing and planned generation connections, to determine the cumulative
impact on the alisland transmission sysie
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Figure 83 Transmission System Capabilities28 kV
8.2 DISCUSSION OF RESULTS

SATURAIDN OF THE NORTH WEST

The most striking feature of this ye@rtransmission system capabilitgsults isthat the North-
West of the Provence is saturateaind unable to accommodatehe connection of further
generation. The predominant power flowdriving this saturatiorare from Coleraine, Coolkeeragh
and Omagh in the NorthVest to Kells, Magherafelt and Tamnamore in the E&sese congested
corridors can b ®en inHgure 84.

For 2017 summer minimum conditionsith circa 950 MW of wind connected to the NI
Transmission Systenthe CoolkeeragiMagherafelt 275 k\Mlouble circuitcontingency results in

the overload of the Pomeroy to Tamnamat&0 kVcircuit andboth of the Tamnamore 275/110 kV
TransformersThese overloads are seen despite the fact that the CoolkeeragiBRck Scheme is
modelled(seeAppendix F.2.50r details)

By Winter 2017/18 over 1000 MW of wind is connected in the N@vist of theprovince. For the
loss of the Coolkeeraghklagherafelt 275 kV double circuit the NostNest must be evacuated via
the OmaghTamnamore and Colerairgells 110 kV network corridors. It is clear that 1000 W
wind generation cannot be accommodated without jmareinforcement beyond the network
developments described iSection 3.4 Specificallyadditional 275 kV circuits are required into the
North-West.
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Figure 84: Network power flows driven by high wind levels

An implication of this limiting constrains ithatthe addition of generatiorat nodesto the North
andWest of this constraint will exacerbate the overloads causBddes in thisNorth-Westegion
FNB YIFN]J SR gA0K (GKS OmRBendbRr Q Ay GKS NBadzZ Ga

Without major reinforcement of the Transmission System in the NUvist,there will have to be
significant constrains applied to wind generatioriowards the latter yearscovered bythis

statement.The costs of theseonstraints willhaveto be consideredlong with theimplications on
the cost of energy in the SEM on tlsand of Ireland.

8.2.1 RESULTS AT 2K9
BELFAST (CASTLEREAGH AND HANNAHSTOWN)

The 2009T SC&lentified that the capacity of the Hannahstown and Castlereagh 275 kV nodes was
limited by the overload of theHannahstowALisburn110 kV circuitsinder certain contingencies
Theplanned upgrade of these 110 kV circudestailedNIEs TIP anieh Section 3of this statement

has increased the capability of Castlereagh and Hannahstown 275 kV substatioresisThew

over 400 MW of generation capacity at thesgbostations

TAMNAMORE

There is no generation capacity available at the Tamnamore 275 kV node. The critical caytinge
is the nm-t of the TamnamoreMagherafelt and Tamnamof€&urleenan 275 kV circuits. Under this
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