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Introduction to Chapter 7

GB Transmission System described the existing and planned transmission network in terms of its components and structure. This chapter
describes the performance of the existing and planned transmission network in terms of:

(i) circuit capacities;

(i) system power flows;

(iii) grid supply point loadings;

(iv) short circuit currents (single phase and three phase); and
(v) system and zonal power losses.

The reader is reminded that, as explained in Scope on the GB transmission system, the 'SYS background' does not necessarily contain all
transmission reinforcement schemes which may in the event be required for compliance with the Licence Standard. GB Transmission System
Capability identifies only those reinforcement schemes judged to be necessary to ensure that the transmission system is compliant for the SYS
background (see Table 8.2 ). Additional reinforcements to those in Table 8.2 may in the event also be required.

It is useful at this point to explain, in simple terms, the difference between circuit capacity, loading and boundary capability.

The capacity or rating of a circuit is the maximum loading which may be permitted to flow on that circuit under specific conditions (e.g. ambient/
seasonal temperature).

The loading on a circuit is the actual or forecast power flow on that circuit resulting from a given set of conditions (e.g. the demand level and the
generating plant used in meeting the demand).

The capability of a boundary is the maximum transfer across the boundary that can be tolerated for the particular background of demand and
generation under consideration without breaching security criteria. This means that following ‘secured events’ such as fault outages of
transmission circulits, there are, inter alia, no overloaded items of transmission equipment or unacceptable voltages, and all demand is supplied
(save as permitted by specific demand connection criteria). The precise criteria are defined in Licence Standard, which is more fully referred to
as the GB Security and Quality of Supply Standard (GB SQSS). Compliance with the standard is a condition of the Transmission Licence.

Circuit capacities and loadings are reported in this chapter. Boundary capabilities are reported in GB Transmission System Capability.

Again, as with the previous chapter, many of the figures discussed in this chapter have been included in the Figures and only referenced in the
text.

Circuit Capacities

Table B.2.1a for SHETL, Table B.2.1b for SPT and Table B.2.1c for NGET show, inter alia, the post fault continuous ratings (in MVA) of all the
circuits of the main interconnected GB transmission system for each season of the year.

Bases of Power Flow Analyses

Overview
The power flows presented in this chapter are based on the SYS background and the Planned Transfer Condition.
The SYS background includes:

(a) the customer based forecast unrestricted ACS Peak GB Demand on the GB transmission System, which is given in Table 2.1 (essentially
row 3);

(b) generation selected from a ranking order based on the existing and proposed new generation for which an appropriate Bilateral Agreement
is in place. This generation is presented and discussed in Chapter 3. The techniques for selecting which generation is used to meet the demand
are described below; and

(c) the existing transmission network and those planned future transmission developments which have been technically and financially
sanctioned by the relevant Transmission Licensee. This is described in Chapter 6.
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The demand forecasts used in the power flow analyses include transmission losses ACS Peak GB Demand . For the purpose of illustrating the

general power flows throughout the system, these losses are effectively apportioned uniformly across Grid Supply Points through the application
of the correction factor described in Customer Demand Data. However, where greater accuracy is required for determining the need for local

transmission reinforcements, we would more accurately calculate the losses particular to that local zone.

The forecast unrestricted ACS Peak GB Demand given in Table 2.1 is presented on several bases and it is clearly important that the
appropriate basis is selected for use in power flow analyses. The demand stream given in row 3 of Table 2.1 treats exports from Scotland to
Northern Ireland across the Moyle interconnection have been treated as demand and is also net of station demand. This latter point recognises
that the value of power station TEC is used for power system analyses. TEC is net of any auxiliary demand supplied through the station
transformers (station demand) and, consequently, the ACS Peak Demand used is also net of station demand.

Please note, however, that for the presentational purposes of the generation ranking order of operation given in Table 7.1, which is presented

and discussed later in this chapter, exports across the Moyle interconnector have been treated as negative generation. This is compatible with
the demand stream given in line 5 of Table 2.1, which also is net of station demand.

For illustrative purposes, a useful reference system condition on which to base studies is the Planned Transfer Condition. The Planned Transfer
Condition is defined in the Licence Standard. The following paragraphs outline how the techniques for modelling the Planned Transfer, which
are set out in the Licence Standard, have been applied for the purposes of this Statement.

Modelling of the Planned Transfer Condition

Appendix C of the Licence Standard sets out how the Planned Transfer Condition should be modelled. For this purpose, two techniques are
described, namely: the Ranking Order Technique (to be applied when the plant margin exceeds 20%); and the Straight Scaling Technique (to
be applied when the plant margin is 20% or less).

It should be noted, however, that the License Standard definition of Plant Margin differs from the definition given in Chapter 5, which is used for
the more general purposes of this Statement.

The Licence Standard (i.e. the GB Transmission System “Security and Quality of Supply Standard”) definition of Plant Margin is:

"The amount by which the total installed capacity of directly connected Power Stations and embedded Large Power Stations exceeds the net
amount of the ACS Peak Demand minus the total imports from External Systems. This is often expressed as a percentage (e.g. 20%) or as a
decimal fraction (e.g. 0.2) of the net amount of the ACS Peak Demand minus the total imports from External Systems".

The basic difference between the two definitions lies in the fact that, the Licence Standard definition treats imports as negative demand but the
SYS definition, used in Chapter 5, treats imports as generation. Whilst the Plant Margin in MW terms remains the same, in percentage terms the
SYS margins are lower than would be the case using the Licence Standard definition. Please note that, whilst the wording of the SYS definition
of Plant Margin does not mention exports to External Systems, it is implicit that such exports should be treated as positive demand.

The overall process for modelling the planned transfer may be regarded as being made up of the following three parts, the first two of which
concern the ranking order technique and the third is obviously concerned with the straight scaling technique. The three parts are:

. Ranking the relevant generating units in order of their relative likelihood of operation at peak;
. Identifying which plant is most likely to be contributing towards meeting the peak demand; and finally
. Applying the straight scaling technique.

Ranking Plant in Order of Likelihood of Operation at Peak

This part of the process can be further subdivided into:

. treatment of imports and exports across External Interconnections;
. ordering (i.e. placing the generating units into a ranking order of likely operation); and
. limiting the output attributed to each unit in the ranking order such that station TEC is not exceeded.

External Interconnections:

Table 3.12 of Generation sets out the notional import and export capabilities across the External Interconnections at the time of our ACS Peak

Demand. For the purpose of evaluating plant margins, import capabilities across External Interconnections are treated as generation and
exports are treated as demand. This is explained in Plant Margin.

However, when ranking generating plant in order of likelihood of operation at peak, the level of imports and exports across External
Interconnections is subject to special treatment. That treatment recognizes that, notwithstanding the export capability (as expressed in Table

3.12), the expected actual level of exports and imports is, itself, a function of the prevailing plant/demand balance.

In brief, the methodology employed is to first calculate the margin of installed generation over demand without imports or exports across the
Cross Channel Link or the Netherlands Interconnector for the peak of each year. The resultant margin is then used to determine an assumed
level of imports or exports across these two Interconnectors for the peak of each year. For margins up to and including a nominal 25%, the full
import capability is assumed. For margins of 45% or over, the full export capability is assumed. For margins between 25% and 45% a linear
reduction in exports/increase in imports is assumed such that, at a margin of 35%, there are no imports or exports across the Cross Channel
Link or the Netherlands Interconnector.

Throughout this methodology full export to Northern Ireland and Eire is assumed and this is represented as negative generation in the
generation ranking order of operation presented in Table 7.1. This approach differs from the methodology used to evaluate Plant Margins
which, amongst other things, treats imports as positive generation and exports as positive demand in accordance with the definition of Plant
Margin.

A particular result of the application of the above methodology is that, for the purpose of ranking plant in order of likelihood of operation at peak,
there may be exports (rather than imports based on nominal capabilities) to France and the Netherlands at peak, the level of which would be a
function of the prevailing plant/demand balance.
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Ordering:

A list is compiled of all relevant generating units in the "SYS Background". The level of imports and/or exports across External Interconnections
as derived from application of the methodology outlined in the previous section, are added to the list.

The term Transmission Entry Capacity (TEC) is defined and used solely on a power station basis and does not exist on a generating unit basis.
In view of this, each generating unit on the list is attributed with the appropriate Registered Capacity (RC) and each power station is attributed
with the appropriate TEC, correct as at the "data freeze date".

All generating units, imports and/or exports are then arranged in order of their perceived likelihood of operation at the time of the ACS Peak GB
Demand. For existing generation, this is achieved by inspection of the unit operation experienced over previous winter periods, which are taken
as being from the beginning of December to the end of January. In general, if the unit operated at the daily peak it is attribute a score of "1"
whether operated at full or part load. If the unit did not operate it is attributed a score of "0". Scores for each unit are then aggregated to give the
"probability of running" for each unit. A high probability of running would mean that the relevant unit is ranked as having a high likelihood of
operation over the coming winter peaks and vice versa.

However, the above represents a general rule and, rather than strict adherence, the rule is applied in a pragmatic way. That is, the results of its
application are tempered by judgement based market intelligence. Accordingly, a particular plant with a low score may be moved up the ranking
if market intelligence suggests this to be the more likely outcome or vice versa.

Future plant is ranked according to plant type. Future plant is likely to achieve a relatively high ranking given that it likely to be modern and
efficient unless the particular plant is designed to operate at base load only.

Limiting Aggregate Unit Output to Station TEC:

Ordering the generating units, as described above, may result in generating units at the same power station being placed in widely differing
positions in the ranking order. The aggregate of the unit RCs at each power station is then limited to the station TEC. This is achieved by
progressively accumulating the unit RC of each station in the ranking order and comparing the aggregate with the relevant station TEC. If and
when the cumulative RC equals or exceeds station TEC, then the RC of subsequent, as yet unselected, units at that station are set to zero. This
goes some way towards emulating whole set modelling. In cases where the aggregate of the unit RC at a station needs to be reduced by less
than a whole set, that reduction is spread proportionately across all selected units at the station (i.e. units higher in the ranking order) unless a
reduction in a GT unit can accommodate the difference between aggregated RC and TEC. At this point in the process, all plant has an assumed
100% availability.

The resultant ranking order of generation operation, with each power station output limited to the appropriate TEC, is given in Table 7.1.

As a point of interest, Figure 7.1(a ), Figure 7.1(b ), Figure 7.1(c ) and Figure 7.1(d ) indicate how generation was actually used to meet
demand on each of the four days referred to in Figure 2.2 of Chapter 2. These are the winter maximum (Tuesday, 06/01/09), typical winter
(Thursday, 04/12/08), typical summer (Thursday, 19/06/08) and summer minimum (Sunday, 20/07/08) respectively.

Figure 7.1(a)
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Figure 7.1(b)
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Flgure 7.1 (b} - Typical Winter Demand: Thursday 04 Dec 2008
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Figure 7.1 {d} - Minimum Summer Demand: Sunday 20 Jul 2008
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The same information is given in pie chart form in Figure 7.2(a ), Figure 7.2(b ), Figure 7.2(c ) and Figure 7.2(d).

Figure 7.2(a)
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Figure 7.2 {a) - Tatal Energy Supplied over Day of Maximum Winter Demand: Tuesday 06 Jan 2008
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Figure 7.2(b)
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Flgure 7.2 (1) - Tatal Energy Supplied aver Day of Typical Winter Demand: Thursdsy 04 Dee 2008

mhucksar

oCoal

Hias

almpors

Ol & QCET

B Fumped Sorage
b

0 \Wired

Figure 7.2(c)

Click to load a larger version of Figure7.2(c) image

Figure 7.2 {2) » Takal Energy Supplied aver Day of Typieal Summer Demand: Thursday 19 Jus 2008
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Figure 7.2 [d) - Tokal Energy Supplicd over Day of Minimum Summer Demand: Sunday 20 Jul 2008
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Identification of Contributory and Non - Contributory Plant

This part of the process is concerned with identifying that generating plant which is most likely to operate at the time of system peak in a climate
where plant margins exceed 20%.

For analysing the performance of the transmission system at the time of winter peak, the load factor over the winter peak period becomes
relevant. Experience shows that this is in the region of 90% and 36% for conventional and wind based generation respectively. These figures
translate into assumed winter peak availabilities of 100% and 40% for conventional and wind based generation capacity respectively.

Accordingly, in establishing which plant, in the ranking order of Table 7.1, is to be regarded in this Statement as contributory and which is to be
regarded non-contributory, the cumulative system generation capacity to be compared with demand in the calculation of plant margin has been
taken as 100% of the capacity of each conventional generator and 40% of that of each wind farm.

The lower ranking plant in the ranking order is then progressively removed and treated as non-contributory, until a Plant Margin of just 20% is
achieved. It is worth reiterating that the Plant Margin referred to is as defined for the purpose of the Licence Standard.

The result of the above ranking order technique, which is used only if the plant margin exceeds 20%, is a list of contributory plant, with unit
outputs, which sum to equal 120% of (unrestricted "ACS Peak GB Demand" less Station Demand). The full capacities of all the contributory
generation is used as the initial basis for system studies.

Application of the Straight Scaling Technique

The straight scaling technique is applied when the plant margin, as defined in the Licence Standard, is equal to or less than (although still
positive) 20%. Accordingly, the straight scaling technique is applied following application of the ranking order technique or otherwise straight
away when the plant margin is already 20% or less.

The straight scaling technique, which is set out in the Licence Standard, involves the application of scaling factors ‘A’ and ‘S’. The ‘A factors’
relate to the expected availability of each generating plant type at the time of the peak. The 'S factors’ relate to the ratio between the system
demand to be met and the total generation capacity available. Under the technique, the generation output, for study purposes, of all contributory
plant is calculated for the ‘planned transfer condition’ by applying ‘A" and 'S’ scaling factors to their capacities such that the aggregate effective
generation of all contributory plant is equal to the forecast peak demand plus transmission losses less imports from external systems.

In recognition of their different characteristics and use, specific values of the ‘A factors’, which relate to expected generating plant availability,
defined in the Licence Standard may be used for thermal, hydro and wind generation. The values are chosen in order that the ‘required transfer
capability’ , which is simply the sum of the ‘planned transfer’ and the appropriate ‘interconnection allowance’, will represent approximately the
same percentile of the actual distribution of power transfers at time of peak demand whether the background includes wind or hydro generation
or not. In the power system analyses, which underlie the power flows and capabilities presented in this Statement, the following values were
used: 100% for thermal; 100% for hydro; and 72% for wind.

Imports from External Systems are not subject to scaling. According to the Licence Standard definition of Plant Margin, imports from External
Systems are deducted from the demand to be met and Exports to External Systems form part of the demand to be met.

Overview of Main Power Flows at Peak
Power flows on the SHETL network for each of the seven years from 2009/10 to 2015/16 are illustrated in the following series of figures: Figure
C.1.1; Figure C.1.2 ; Figure C.1.3 ; Figure C.1.4 ; Figure C.1.5 ; Figure C.1.6 ; and Figure C.1.7.

Power flows on the SPT network for each of the seven years from 2009/10 to 2015/16 are illustrated in the following series of figures: Figure
C.2.1; Figure C.2.2 ; Figure C.2.3; Figure C.2.4 ; Figure C.2.5; Figure C.2.6 and Figure C.2.7.

Power flows on the NGET network for each of the seven years from 2009/10 to 2015/16 are illustrated in the following series of figures: Figure
C.3.1; Figure C.3.2 ; Figure C.3.3 ; Figure C.3.4 ; Figure C.3.5 ; Figure C.3.6 and Figure C.3.7.

While the complex power flow program used computes nodal voltage, phase angles and both real and reactive power flows on the system only
the real (MW) power flows have been displayed on the figures, both for ease of presentation and for clarity.

The requirements placed on the transmission system depend on the size and geographical/ system location of generation and demand.

SYS Boundaries and SYS Study Zones introduced the 17 SYS boundaries which are used for the purpose of illustrating system performance,
illustrating the need or otherwise for transmission system reinforcement and for describing opportunities. These boundaries encompass the 17
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SYS Study Zones.

Table 7.2 and Table 7.3 summarise the Planned Transfers, under the SYS background, for each of the 17 SYS Study Zones and across each
of the 17 SYS boundaries respectively. Please note that, unlike the generation ranking order of Table 7.1 which treats the exports from Scotland
to Northern Ireland across the Moyle interconnector as negative generation, Table 7.2 and Table 7.3 treat such exports as demand, which is in
line with Table 2.1 of Electricity Demand.

There is a slight difference in the values of summated demand, which appear towards the foot of Table 7.2 compared with the demand forecast
of row 3 of Table 2.1 . This is due to the fact that the system losses included in the forecasts of Table 2.1 reflect estimates made at the time of
formulating the forecasts whereas Tables 7.2 and 7.3 (and the power flow analyses presented in this chapter) include calculated system losses
derived from the system analyses.

In general terms, the disposition of demand and generation across the GB transmission system is such that much of the generation capacity is
located in or towards the northern parts of the system while much of the demand is located in the southern parts of the system. As a
consequence, the resultant power broadly flows from the northern parts to the southern parts of the system, particularly at times of the GB
system peak.

The capacity of transmission contracted generation is set to rise by some 26.2GW over the period 2009/10 to 2015/16 (Table 3.5 refers).
Amongst other things, Generation Disposition described the disposition of this future plant. In broad terms 4.9GW will be located in Scotland,
7.6GW in the north of England and 2.2GW in the midlands with the remaining 11.5GW south of the midlands to south boundary. However, these
figures do not include the prospective growth of embedded generation; particularly in wind farms. This receives some consideration in
Embedded and Renewable Generation.

The year on year fluctuations in planned transfer, displayed in Table 7.2 and Table 7.3, are not only a function of changes in demand and
installed generation disposition, but also of the changing contributory plant disposition. Generation Disposition reports that, the forecast
disposition of contributory generation and ACS demand across the system is such that, against the SYS background, the high power transfers
at times of peak demand from the, northern parts of the system to the southern parts, are expected to persist.

Under the ‘SYS background’ the export from Scotland into England (i.e. across Boundary 6) displays a more or less steady increase over the
period. In general the ‘North to South’ boundaries display a similar trend, which is partly a product of the northern location of much of contracted
renewable energy developments. Small perturbations reflect the changing ‘in merit’ generating plant.

The Thames Estuary boundary transfer appears relatively small, however this is due to much of the local generation supplying the continental
export. In the case of continental import, the local generation and import combine to give a significant export out of the Thames estuary.

Figure 7.3 and Figure 7.4 illustrate the broad power flow pattern for 2009/10 and 2015/16 respectively. The capability of the GB transmission
system to transport these levels of power transfer across system boundaries is the subject of Transmission System Capability. Amongst other

things, that chapter explains that in considering boundary transfers and capabilities and the possible need for additional reinforcement it is
important to take account of the requirements of the planning criteria in the Licence Standard. In particular, planning criteria relating to the main
interconnected transmission system require that a margin for security (i.e. the interconnection allowance) should be allowed for.

Figure 7.3

Click to load a larger version of Figure7.3 image
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The outturn power flows at the peak of any year may differ from those given in Table 7.2, Table 7.3, Figure 7.3, Figure 7.4, and the series of
figures included in Appendix C for a number of reasons. These include:

the generation capacity and location may easily differ due to the decommissioning of plant, the addition of new plant, transmission contracted
plant not being constructed, the non availability of particular generating units and of course a different ranking order of operation being used;

the demand level and disposition may differ from that forecast. The level may easily differ by £+ 1GW (x 2%) due to the temperature on the day
of peak differing from that of Average Cold Spell;

the unplanned (fault) outage of transmission circuits. A number of supergrid circuits may be out of service at any given time due to fault
breakdown. Power flows in the neighbourhood of such circuit outages may be markedly affected; and

the planned outage of transmission circuits for urgent maintenance, although such outages are more likely to be arranged for the summer
months when demand and circuit loadings are lower.

There are clearly a great many variables, which will influence the outturn power flow. However, whilst the power flows displayed in the various
tables and figures of this chapter may not be experienced in practice, they are nevertheless indicative of the flows to be expected under the
SYS background. Power flows, transmission capabilities and the possible need for further transmission reinforcement based on our current view
of a more likely outturn than the SYS background are discussed in GB Transmission System Capability.

Off-Peak Power Flows

At off-peak times less generation capacity is needed to meet the reduced demand and only the higher plant in the ranking order is used within
the limits of system constraints. Thus the power flows around the system and circuit loadings not only change as a result of the lower demand
levels but also because of the changes in the contributory generation disposition.

Transmission circuit thermal ratings reduce outside the winter period and, in addition, the system may become depleted due to transmission
circuits and generation units being taken out of service for planned maintenance and other reasons. Maintenance practices on our system
generally results in a boundary made up of about eight circuits being continuously depleted by one or other of its circuits between the months of
April and October.

The net result is that both circuit loadings and boundary capabilities will vary at off-peak times according to prevailing conditions. They may be
either higher or lower relative to the peak period. In view of the many variables associated with the real-time operation of the system, it is not a
worthwhile exercise to present a rigorous analysis of possible future off-peak power flows and capabilities in this Statement.

In the real time phase of operation the system is managed such that it complies with the operational criteria in our Licence Standard. In applying
this standard, which is aimed at ensuring the required level of security and quality of supply, prevailing conditions are taken into account. Power
transfers around the system are managed such that, amongst other things, circuit loadings would remain within their rating and boundary
transfers within their capability and no unacceptable conditions will arise even with specified circuit fault outages on top of any maintenance
outages.

Grid Supply Point Loading

It was explained in Demand on the Grid Supply Points that Grid Supply Points (GSPs) are the points of connection between the GB
transmission system, distribution networks, Large power stations and other Non-Embedded Customers where we deliver electricity.
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The loading on a GSP is the demand on the lower voltage (LV) side less the output of any Large power station connected to the LV side or
embedded within the distribution system fed from that point. An allowance for the output from embedded Medium and Small power stations is
already included in the users' demand estimates as explained in Customer Demand Data.

For the SYS background, the GSP net loading is the difference between the flows into and out of that GSP. Such power flows are shown in the
series of power flow figures included in Appendix C. This GSP loading is net of any generation at that point. A more direct and detailed
indication of GSP loading at maximum demand is given in the series of tables presented in Appendix E.

It was also explained in Customer Demand Data that, for infrastructure planning, the demand at the time of the GB system peak is used.
These forecasts of demand at the time of system peak underlie the customer based demand forecast of Table 2.1 and the series of power flow
figures included in Appendix C. For GSP planning, the demand at the GSP peak is more appropriate. This demand is used, together with
appropriate allowances for embedded Large power stations, in the application of the criteria for design of demand connections in the Licence
Standard.

Short Circuit Currents

Engineering Recommendation G74 defines a computer based method for the calculation of short circuit currents and has been registered under
the Restrictive Trade Practices Act (1976) by the Energy Networks Association (ENA), formerly the Electricity Association, and the associated
Statutory Instrument has been signed to this effect.

Three phase to earth and single phase to earth short circuit current analyses have been conducted by each Transmission Licensee (SHETL,
SPT and NGET), in respect of their own Transmission Areas, in accordance with ER G74. The series of tables presented in Appendix D, list the
results of these analyses. To assist the reader in understanding the results, the next section of this chapter explains some of the salient points
relating to the short circuit calculations including assumptions made and terminology used.

Tables B.6a to B.6c list the types of circuit breakers currently found at SHETL, SPT and NGET substations respectively together with their
ratings (the NGET ratings are given for 400kV and 275kV voltage levels only). From this list it can be seen that several substations have a
mixture of circuit breakers installed and this results in a range of ratings for those substations. Generally the substation infrastructure will have a
similar rating to the associated circuit breaker.

The listed ratings should be regarded as indicative and therefore used as a general guide only. Should a customer require more detailed
information relating to a specific site he may contact us as described in Further Information.

Furthermore, although the short circuit duties at a node may at times exceed the rating of the installed switchgear, the switchgear may still not
be overstressed for one or more of the following reasons:

. 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.
This is the case for feeder/transformer circuit breakers and mesh circuit breakers under normal operating conditions;

. switchgear is only subjected to excessive fault current when sections of busbar are unselected. This is the case for busbar coupler/section
circuit breakers. On these occasions the substation can usually be temporarily re-switched or segregated to reduce the fault level; or

. re-certification of switchgear or modifications to its system is already in hand that will remove the overstressing.

Finally, please also note that, as explained in Network Parameters, substation running arrangements are subject to variation. The running

arrangements used for determining the short circuit currents presented in Appendix D may, in some cases, differ slightly from those presented
elsewhere in this Statement.

Engineering Recommendation G74

International Standard IEC909, "Short-Circuit Current Calculation In Three Phase AC Systems" was issued in 1988 and has subsequently been
published as British Standard BS7639. When IEC909 was issued the Electricity Supply Industry had no standard method or uniform
methodology for fault level calculation. The hand calculation methodology detailed in IEC909 was considered conservative for the UK supply
system and it was believed that its application could lead to excessive investment. In consideration of this potential excessive investment, an
industry wide working group was established in 1990 to define "good industry practice" for the calculation of short circuit currents.

The resulting document, Engineering Recommendation G74 (ER G74), defines a computer based method for calculation of short circuit currents
which is more accurate than the methodology detailed in IEC909 and, as a consequence, potential capital investment is more accurately
identified. As previously mentioned, ER G74 has been registered under the Restrictive Trade Practices Act (1976) by the ENA and the
associated Statutory Instrument has been signed to this effect.

Short Circuit Current Calculation

Sophisticated computer programs are used for the purpose of conducting short circuit current analyses. Each analysis is based on an initial
condition from an AC load flow and is carried out in accordance with ER G74. The broad calculation methodology is summarised in the following
paragraphs.

When assessing the duties associated with busbars, bus section/coupler circuit breakers and elements of mesh infrastructure, it is assumed that
all connected circuits contribute to the fault. When assessing the duties associated with individual feeder/transformer circuits it is assumed that
the fault occurs on the circuit side of the circuit breaker with the remote ends of the circuit open. These represent the most onerous conditions.

Short-circuit currents are calculated using a full representation of the GB transmission network. Directly connected and Large embedded
generating units are also discretely represented with their electrical parameters based on data provided by the owner of the generating unit.
Other Network Operators' networks are represented by network equivalents at the interface between the GB transmission system and the
Network Operator's network. For example, a DNO network connected to a 132kV busbar supplied by SGTs will usually be represented by a
single network equivalent in the positive phase sequence (PPS) and zero phase sequence (ZPS) networks. The use of network equivalents
allows short-circuit currents in the GB transmission system to be calculated with acceptable accuracy and provides a good indication of the
magnitude of the short-circuit currents at interface substations. Short-circuit currents quoted in Tables D.1 to D.12 for interface substations are
not, however, suitable for specifying short-circuit requirements for new switchgear at the interface substations. These will need to be agreed
between the relevant Transmission Licensee and the Network Operator on a site specific basis.
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Short Circuit Current Terminology

The short circuit current is made up of an AC component with a relatively slow decay rate as shown in Figure 7.5 and a DC component with a
faster decay rate as shown in Figure 7.6 . These combine into the waveform shown in Figure 7.7 . The waveform in Figure 7.7 represents
worst case asymmetry and as such will be infrequently realised in practice.

Figure 7.5
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The DC component decays exponentially according to a time constant which is a function of the X/R ratio. This is the ratio of reactances to
resistances in the current paths feeding the fault. High X/R ratios mean that the DC component decays more slowly.

DC Component

The DC component of the peak make and peak break short-circuit currents are calculated from two equivalent system X/R ratios. An initial X/R
ratio is used to calculate the peak make current, and a break X/R ratio is used to calculate the peak break current. Calculation of the initial and
break X/R ratios is undertaken in accordance with IEC 60909-0 (2001-07) Method C (also known as the equivalent frequency method). We
consider the equivalent frequency method to be the most appropriate general purpose method for calculating DC short-circuit currents in the GB
transmission network.

The DC component of short-circuit current is calculated on the basis that full asymmetry occurs on the faulted phase for a single phase to earth
fault or on one of the phases for a three phase to earth fault.

Making Duties

The making duty on bus section/bus coupler breakers is that imposed when they are used to energise an unselected section of busbar which is
either faulted or earthed for maintenance. Substation infrastructure such as busbars, supporting structures, flexible connections, conductors,
current transformers, wall bushings and disconnectors must also be capable of withstanding this duty.
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The making duty on individual circuits is that imposed when they are used to energise a circuit which is either faulted or earthed for
maintenance. This encompasses the persistent fault condition associated with Delayed Auto-Reclose (DAR) operation.

Breaking Duties

Bus section/coupler breakers are required to break the fault current associated with infeeds from all connected circuits if a fault occurs on an
uncommitted section of busbar. Circuit breakers associated with a feeder/transformer or a mesh corner are required to break the fault current on
the basis that the circuit breaker is the last circuit breaker to open clearing the fault.

Circuit breakers associated with faulted circuits are required to interrupt fault current in order to safeguard system stability, prevent damage to
plant and maintain security and quality of supply.

Initial Peak Current

In Figure 7.7, both the AC and DC components are decaying and the first peak will be the largest and occurs at about 10ms after the fault
occurrence. This is the short circuit current that circuit breakers must be able to close onto in the event that they are used to energise a fault,
hence this duty is known as the Peak Make. However, this name is slightly misleading because this peak also occurs during spontaneous faults.
All equipment in the fault current path will be subjected to the Peak Make duty during faults and should therefore be rated to withstand this
current. The Peak Make duty is an instantaneous value.

Figure 7.7
Click to load a larger version of Figure7.7 image
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RMS Break Current

This is the RMS value of the AC component of the short circuit current at the time the circuit breaker contacts separate (see Figure 7.5), and
does not include the effect of the DC component of the short circuit current.

DC Break Current

This is the value of the DC component of the short-circuit current at the time the circuit breaker contacts separate (see Figure 7.6).

Peak Break

As both the AC and DC components are decaying, the first peak after contact separation will be the largest during the arcing period. This is the
highest instantaneous short circuit current that the circuit breaker has to extinguish, hence this duty is known as the Peak Break. This duty will
be considerably higher than the RMS Break because, like the Peak Make duty, it is an instantaneous value (therefore multiplied by the square-
root of 2) and also includes the DC component.

Choice of Break Time

The RMS Break and Peak Break will of course be dependent on the break time. The slower the protection, the later the break time and the more
the AC and DC components will have decayed. For the purposes of this Statement a uniform break time of 50ms has been applied at all sites.
For the majority of our circuit breakers, this is a fair or pessimistic assumption. In this context it should be noted that the break time of 50ms is
the time to the first major peak in the arcing period, rather than the time to arc extinction.

Data Requirements

Generator Infeed Data

All generating units of directly connected Large power stations are individually modelled together with the associated generator transformers.
Units are represented in terms of their Positive Phase Sequence (PPS) sub transient and transient reactances (submitted under the provision of
Grid Code), as well as the DC stator resistances and Negative Phase Sequence (NPS) reactances (neither of these data items are submitted
under the Grid Code but the stator resistance value is currently derived or assumed from historic records and the NPS reactance is calculated
as the average of the relevant PPS sub transient reactances ((Xy" + X4")/2). Fault level studies for planning purposes are carried out under
maximum plant conditions (i.e. with all Large power stations included whether contributory or not) to simulate the most onerous possible
scenario for a future generation pattern.

Auxiliary System Infeed Data
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The induction motor fault infeed from the station board is modelled at the busbar associated with the station transformer connection. Where
sufficient information is not available, it has been assumed that Auxiliary Gas Turbines are connected to the station boards as well as to the
main generating units in order to simulate the most onerous condition. Where the X/R Ratio has not been provided, a value of 10 has been
assumed.

Where the information is available, the fault infeed from the unit board, due to induction motors and auxiliary gas turbines, is modelled as an
adjustment to the main genset substransient reactance. A more detailed model of the power station system may have to be used to assess fault
levels when station and unit boards are interconnected.

GSP Infeed Data

Infeed data for induction motors and synchronous machines at GSPs is submitted by Users under the provision of the Grid Code. Infeeds from
induction motors and synchronous machines are modelled as equivalent lumped impedances at the GSP.

Where the information is not available, 1IMVA of fault infeed per MVA of substation demand, with an X/R ratio of 2.76 is assumed for all
induction motors in the absence of more detailed data. This is in line with the requirements of ER G74.

Where more detailed fault level studies are required at 132kV or below, the associated system should be modelled in detail down to individual
Bulk Supply Points (BSP's). Induction motor infeeds should then be modelled at these BSP busbars.

LV System Modelling

Where interconnections exist between GSP’s, these equivalents take the form of PPS impedances between those GSP’s. The ZPS networks
take the form of minimum ZPS values modelled as shunts at the GSP busbars.

Where interconnections to other GSP’s do not exist, the equivalents take the form of equivalent LV susceptances modelled as shunts at the
GSP busbar. The ZPS networks are modelled as shunt minimum ZPS values at the GSP busbars.

The values of PPS impedances between GSP’s shunt LV susceptances and shunt ZPS minimum impedances are as submitted by the Users
under the provision of the Grid Code.

Power Losses

The following information on system power losses and zonal power losses is indicative only and is included to provide an insight into the level
and type of power loss which may be expected around the system at the time of system ACS peak and against the SYS background only. At
other times and/or against other backgrounds different levels of power loss may arise.

System Power Losses

An estimate of the level of system power loss occurring at the time of the ACS Peak GB Demand for the years 2009/10 to 2015/16 against the
SYS background is given in Table 7.4. The losses shown are those incurred on the system between the power station generating unit and the

grid supply points and are made up of:

. 'Variable' (I2R) transmission heating losses in the overhead lines, underground cables and other equipment on our transmission system but
excluding grid supply transformers at the GSPs;

. 'Fixed' losses made up of corona losses on outdoor transmission equipment and iron losses in transformers;
. 'Variable' (12R) heating losses (copper losses) in grid supply transformers at the GSPs; and
. 'Variable' (12R) heating losses (copper losses) in generator transformers.

It is stressed that the losses shown in Table 7.4 are indicative only. They correspond to the time of ACS Peak Demand and have been

evaluated against the 'SYS background'. The 'fixed' losses, like the 'variable' losses, can also vary to a certain extent. Accordingly, the exact
losses on the day can vary for a number of reasons including:

. the outturn demand and/or in-merit generation pattern being different resulting in changed power flows and consequential changes to the
variable losses which are a function of the square of the power flow (I12R); and

. weather conditions being more or less adverse than forecast. For example if ‘heavy rain' or ‘wet snow' prevails across Great Britain then the so
called 'fixed' losses (e.g. corona) could be some 100MW or more higher.

Total system power losses are shown in line 5 of Table 7.4 and these have also been expressed as a percentage (line 7) of the forecast ACS
peak demand stream given in row 3 of Table 2.1 less station demand and less transmission losses (line 6). The demand forecast given in Table
2.1 reflects the demand seen at the metering points at the power stations and accordingly includes both transmission and distribution system
losses. As some metering is on the high voltage side of the generator transformers and some on the low voltage side, generator transformer
copper losses are only partially taken into account.

Please note that there is a slight difference between the value of forecast ACS peak demand including losses given in Table 7.4 (i.e. row 5 plus
row 6) and that given in row 3 of Table 2.1 . This is due to the fact that the system losses included in the forecasts of Table 2.1 reflect estimates
made at the time of formulating the forecasts whereas Table 7.4 includes calculated system losses derived from system analyses.

The transmission heating losses (line 1) are a function of the power flow pattern around the system and the reduction in 2009/10 is due to the
commissioning of new plant in the south which ‘backs off’ the north to south flows.

Fixed losses (line 2) are fairly constant over the period. Please note that values provided for fixed losses are estimated based on reasonable
growth from last year’s values. Grid Supply transformer heating losses (line 3) display a modest increase over the period in step with the growth
in forecast ACS Peak Demand (line 6). Generator Transformers heating losses (line 4) display a modest increase over the period.

Less significant perturbations, perhaps not obvious in the results displayed in the table, are caused by a number of factors including: increased
transmission capacity (through reinforcement rather than reprofiling) which reduces transmission heating losses; or embedded large power
stations closing, decommissioning or otherwise becoming non-contributory which can increase grid supply transformer heating losses.
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Relative to the system power losses reported in the 2008 GB SYS, there is a small decrease in total losses. This is also reflected in the
corresponding decrease in transmission heating losses, which are the dominant component of system power losses. This reduction is due to the
commissioning of new plant in the south, which ‘backs off’ the north to south flows.

Zonal Power Losses

Amongst other things, the commissioning and operation of a new power station will have an effect on transmission losses and this will be a
function of its system location and the prevailing power flows at the time.

Clearly, if a new power station were to be located in the north, and this were to displace the operation of southern generation, then the north to
south power flows would increase, transmission losses would increase and some of the output of the new station would, in effect, be 'lost' to the
system. However, if the new power station were to be located in the south and this displaced northern generation, the converse would be true;
north to south power flows would decrease, system losses would decrease and the relative net effect would be as if a larger station had been
installed. Table 7.5 demonstrates this by showing the relative effect on transmission losses of locating 100MW of new generating plant in each

zone consecutively. For this purpose, the 17 SYS Study Zones introduced in SYS Boundaries and SYS Study Zones have been used.

Please note, however, that the power flows presented in this Statement are based around a winter peak demand case using an average plant
availability which tends to give rise to a general north to south power transfer. At other times of the year, when plant availability and market
conditions may modify the generation patterns, zonal losses can change dramatically. For example, if Scotland becomes an importing area
during the summer period then siting generation in Scotland is likely to have a beneficial effect on GB transmission losses.

The analysis was carried out against the SYS background for the 2009/10 winter peak. The installation of new generation was represented by a
100MW reduction in demand spread across the nodes within the relevant zone. The computer program used in the analysis requires that the
total generation matches total demand (including losses) and scales generation capacity accordingly. The studies were arranged such that the
effective 100MW of new generation was compensated for by a slight reduction in the output of all other generation in the study. That is no plant
was displaced from operating. This was repeated for each of the 17 zones and the change in losses, relative to a reference case where no
100MW of new generation was introduced, was calculated.

Table 7.5 is based on the calculations conducted as described above and lists the effectiveness of placing 100MW of additional generation in
each zone. The effectiveness has been expressed in percentage terms. For example, an effectiveness of 92% means that for generation
increase of 100MW in the zone in question, 92MW would meet demand, while 8MW would be lost to increased losses. The effectiveness
expressed in percentage terms provides an indication of the effectiveness of the installation of levels of generation greater than 2700MW.

The change in losses is, of course, due to the overall increase or decrease in transfers across the GB transmission system rather than due to a
local change in the zone in which the additional generation is located. The absolute values of effectiveness should not be relied upon, given the
simplicity of the underlying studies. However, arranging the zones in order of effectiveness, as in Table 7.5, does provide a useful, and
reasonably robust, indicator of the relative merits of locating generation in each of the 17 SYS Study Zones across the system on the basis of
optimising (i.e. minimising) overall transmission system losses.

Table 7.5 shows that a small increase in generation in the zones north of zone 5 has an effectiveness of less than 90% in meeting demand
across the system at the time of winter peak. In contrast to this, a small increase in generation in the South West (zone 17) has an effectiveness
of 111% in meeting demand by virtue of reducing transmission power losses. Whilst these results are very broad brush and absolute
percentages should not be relied upon, the relative order is considered reasonably robust. Please note that the generation effectiveness in
zones 1 to 6 is likely to be understated due to the non-compliance of Boundary 6.

Finally, whilst the results may hold for the addition of 100MW of new generation, it does not follow that they would hold for say 1000MW of new
generation. The aim of the above exercise was to provide an insight into the general effect of generation location on the overall GB transmission
losses. The capacity of L00MW of new generation was selected as, in itself, it has a relatively small system impact. The choice of a larger
capacity (say 1000MW) would be more likely to incur heavy local loading of transmission circuits creating increased local transmission losses.
Depending on the location, this may increase or decrease the overall GB system losses. It is also more likely that a generator of this size would
require network reinforcement to ensure compliance with the Licence Standard. Consequently, it would not be appropriate to calculate zonal
losses until that reinforcement had been included in the study. The effect of a smaller generator capacity (say 1MW) would not be seen.
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Figure 7.1 (a) - Maximum Winter Demand: Tuesday 06 Jan 2009

50000 1

50000 1

40000 Wind
Hydro
> B Fumped Storage
= 30000 O Qil & OCGT
Imports
W Gas
20000 H Coal
Muclear
10000 ~
O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
i L] i L] L) L] L) i L) i i i i L] i L] L) L] L) i L) i i i
o2 92 2 2 2 2 2 2 o 2 c 0 9 0 2 o o o o o o o O
L] — i o7 = L o] = oo i = L] o = L - oo o i — L9 B v
i L] i L] L) L] L) i L) i _— - - - - — — — - - L] i i i
Time

http://www.nationalgrid.com/uk/sys_09/chap7/images/fig7-1a.gif28/05/2009 15:51:17



http://www.nationalgrid.com/uk/sys_09/chap7/images/fig7-1b.gif

Figure 7.1 (b) - Typical Winter Demand: Thursday 04 Dec 2008
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Figure 7.1 (c) - Typical Summer Demand: Thursday 19 Jun 2008
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Figure 7.1 (d) - Minimum Summer Demand: Sunday 20 Jul 2008
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Figure 7.2 (a) - Total Energy Supplied over Day of Maximum Winter Demand: Tuesday 06 Jan 2009
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Figure 7.2 (b) - Total Energy Supplied over Day of Typical Winter Demand: Thursday 04 Dec 2008
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Figure 7.2 (c) - Total Energy Supplied over Day of Typical Summer Demand: Thursday 19 Jun 2008
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Figure 7.2 (d) - Total Energy Supplied over Day of Minimum Summer Demand: Sunday 20 Jul 2008
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Figure 7.3 - ACS Power Flow Pattern for 2009/10

250 LUFPFPER MORTH

S 206k
NORTHERM

IRELAND

19653 1353273 E7

45h5

444

FRANCE

http://www.nationalgrid.com/uk/sys_09/chap7/images/fig7-3.gif (1 of 2)28/05/2009 15:53:26



http://www.nationalgrid.com/uk/sys_09/chap7/images/fig7-4.gif

Figure 7.4 - ACS Power Flow Pattern for 2015/16
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Figure 7.5 - AC Component of Short Circuit Current

N

Break

Short
Circuit

WA NAAN

Current
(k&)

Protection
Tirne

Contact
Separation

http://www.nationalgrid.com/uk/sys_09/chap7/images/fig7-5.gif28/05/2009 15:53:28

Brea
Time

Fault
Clearance

UL



http://www.national grid.com/uk/sys_09/chap7/images/fig7-6.gif

Figure 7.6 - DC Component of Shart Circuit Current
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Figure 7.7 - Resultant Short Circuit Current
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SY S 2009 Data Download Report - Table 7.1 - GB Generation Ranking Order

“ Data download as CSV | Click to close window

Table 7.1 - GB Generation Ranking Order

A A A A A A A A A A
Rank BM Unit ID Station 2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16
L L L L L L L L L L
1 IFABipole 1Pole 1 = -118 = -497 = -497 = -497 = -497 = -497  -497
2 IFABipole 1 Pole 2  -118 = -497 = -497 = -497 = -497 = -497 = -497
3 IFABipole 2 Pole 1 -118 = -497 = -497 = -497 = -497 = -497  -497
4 IFABipole 2 Pole 2 -118 = -497 = -497 = -497 = -497 = -497 = -497
5 |r’1\i§tr2§2iggtsor 0  -1200 -1200 -1200 @ -1200 @ -1200 = -1200
6 Moyle 250 = -250 @ -250 = -250 @ -250 = -250 = -250
7 InteEraCztr']\:]\’ee;;r . 0 0 250  -250 @ -250 @ -250 @ -250
8 Imsracztr;mecstgr , 0 o  -188 @ -188 -187 @ -188 = -188
9 | HUNB-7 Hunterston 544 544 544 544 | 544 544 544
10  HUNB-8 Hunterston 544 544 = 544 544 | 544 544 544
11 = DAMC-1 Damhead Creek 805 805 = 805 805 = 805 805 = 805
12 = DIDCB6 Didcot B 775 775 775 775 | 775 775 775
13 KEAD-1 Keadby 735 735 735 735 735 735 735
14 LBAR-1 Little Barford 665 665 = 665 665 = 665 665 = 665
15 ROCK-1 Rocksavage 810 810 810 810 @ 810 810 810
16 = SCCL-1 Saltend 367 = 367 367 = 367 366 = 367 367
17 SCCL-2 Saltend 367 367 367 367 = 366 = 367 367
18 SCCL-3 Saltend 367 367 367 367 = 366 = 367 367
19  SEAB-1 Seabank 1 812 812 812 812 812 812 812
20 = SPLN-1 Spalding 880 880 880 880 = 880 880 = 880
21 SUTB-1 Sutton Bridge A 800 800 800 = 800 = 800 800 = 800
22 Exxon MossMorran 16 16 16 16 16 16 16

23 DERW-1 Willington (Derwent) 228 228 228 228 228 228 228
24 HUMR-1 Immingham Stage 1 719 719 719 719 719 719 719

25 SHOT-1 Shotton 210 210 210 210 210 210 210
Stoneywood Mills
26 (Wiggins Teape 12 12 12 12 12 12 12
Stoneywood)
27 DRAXX-4 Drax 648 648 648 648 648 648 648
28 RATS-4 Ratcliffe-on-Soar 500 500 500 500 500 500 500
29  WBUPS-2 West Burton A 503 503 503 503 503 503 503
30 Flotta Terminal 10 10 10 10 10 10 10
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244 CNQPS-3
245  RATS-1
246  COCK-3
247 COTPS-3

248

249
250

251

252

253

254

255

256
257
258
259

260

261

262
263
264
265
266

267 BETHW-1
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275 CASS-2

Ben Tharsuinn Wind, E

- Table 7.1 - GB Generation Ranking Order

Connah's Quay 345
Ratcliffe-on-Soar 500
Cockenzie 3 276
Cottam 505
Bristol Channel 0
Offshore Windfarm
London Array Stage 1
London Array Stage 2
Humber Gateway 0
Stage 1
Humber Gateway 0
Stage 2
Heysham Offshore 0
Wind
Greater Gabbard 500
Offshore Windfarm
Thanet Offshore
Windfarm 300
Sheringham Shoal 0
Gwynt Y Mor Stage 1 0
Gwynt Y Mor Stage 2 0
Gwynt Y Mor Stage 3 0
Docking Shoal 0
Windfarm
Lincs Offshore 0
Windfarm

Race Bank Windfarm 0
Llanbrynmair South 0
Carnedd Wen 0
Mid Wales West 0
Pen Y Comoedd 0

Ross 29
Black Law 134
Glens_ of Foudland 26
Wind (SRO)
Hadyard Hill 117
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Tees Renewable 0
Energy Plant
Port Talbot 0
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Cassley 8
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316 CORB-1 Corby 401 401 401 401 401 401 401
317 DIDC4 Didcot A 527 527 527 527 527 527 527
318 FERR-4 Ferrybridge C 491 491 491 491 491 491 491
319 KINO-4 Kingsnorth 485 485 485 485 485 485 485
320 DIDC1 Didcot A 527 527 527 527 527 527 527
321 ALCN-1 Alcan Lynemouth 420 420 420 420 420 420 420
322 ABTH9 Aberthaw B 547 547 547 547 547 547 547
323  IRNPS-2 Ironbridge B 482 482 482 482 482 482 482
324 ABTHS8 Aberthaw B 547 547 547 547 547 547 547
325 CRUA-2 Cruachan 120 120 120 120 120 120 120
326 FERR-3 Ferrybridge C 491 491 491 491 491 491 491
327 PETEM1 Peterborough 405 405 405 405 405 405 405
328 CNQPS-2 Connah's Quay 345 345 345 345 345 345 345
329 ABTH7 Aberthaw B 547 547 547 547 547 547 547
330 FIDL-4 Fiddlers Ferry 506 506 506 506 506 506 506
331 USKM-15 Uskmouth 121 121 121 121 121 121 121
332 DINO-4 Dinorwig 274 274 274 274 274 274 274
333 FIDL-2 Fiddlers Ferry 485 485 485 485 485 485 485
334 FIFE-1 Fife Energy 123 123 123 123 123 123 123
335 DINO-6 Dinorwig 274 274 274 274 274 274 274
336 FOYE-1 Foyers 150 150 150 150 150 150 150
337 | KLYN-A-1 Kings Lynn 340 340 340 340 340 340 340
338 CRUA-3 Cruachan 100 100 100 100 100 100 100
339 KILNS-1 Killingholme 2 665 665 665 665 665 665 665
340 CDCL-1 CDCL 395 395 395 395 395 395 395
341 FIDL-1 Fiddlers Ferry 485 485 485 485 485 485 485
342 SHOS-1 Shoreham 420 420 420 420 420 420 420
343 CRUA-4 Cruachan 100 100 100 100 100 100 100
344 DINO-3 Dinorwig 274 274 274 274 274 274 274
345 DRAXX-1 Drax 648 648 648 648 648 648 648
346 GRAI-4 Grain 650 650 650 650 650 650 650
347 GRAI-1 Grain 650 650 650 650 650 650 650
348 BAGE-2 Baglan Bay 32 32 32 32 32 32 32
349 BARKB2 Barking 606 606 606 606 605 606 606
350 DIDCB5 Didcot B 775 775 775 775 775 775 775
351 MEDP-1 Medway 700 700 700 700 700 700 700
352 BAGE-1 Baglan Bay 520 520 520 520 520 520 520
353 DINO-2 Dinorwig 274 274 274 274 274 274 274
354 FOYE-2 Foyers 150 150 150 150 150 150 150
355 LITTD1 Littlebrook D 570 570 570 570 570 570 570
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396 TILB8G Tilbury B 13 13 13 13 13
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SY S 2009 Data Download Report - Table 7.2 - SY'S Study Zones, Studied Zonal Generation, Demand and Transfer (MW)

“ Data download as CSV | Click to close window

Table 7.2 - SYS Study Zones, Studied Zonal
Generation, Demand and Transfer (MW)

A A A A A A A A A A
Zone  Zone Name Quantity 2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16
¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥
North West Effective
71 (SHETL) Generation 961 = 954 = 942 = 792 = 1075 = 1437 = 1434
North West
71 (SHETL) Demand 506 512 = 516 @ 523 = 529 = 536 = 543
North West
Z1 (SHETL) Planned Transfer 455 442 426 269 546 901 891
72 | North (SHETL) Effective 1271 1262 1244 1269 = 1306 = 1468 = 1464
Generation
72 North (SHETL) Demand 583 593 600 @ 605 @ 610 @ 615 = 622
Z2  North (SHETL) @ Planned Transfer 688 669 644 664 696 853 842
73 Sloy Effective 258 322 318 = 317 = 315 311 = 311
Generation
Z3 Sloy Demand 66 67 65 66 67 68 69
Z3 Sloy Planned Transfer 192 255 253 251 248 243 242
Z4 = South (SHETL) Effective 356 = 473 467 = 465 = 485 538 554
Generation
Z4  South (SHETL) Demand 543 = 537 544 = 550 @ 556 = 562 = 568
Z4  South (SHETL) @ Planned Transfer -187 -64 =77 -85 -71 -24 -14
Z5 = North (SPT) Effective 2388 2408 2353 2169 2182 @ 2075 = 2089
Generation
Z5 = North (SPT) Demand 1188 1190 1175 1157 1158 = 1186 = 1183
Z5 North (SPT) Planned Transfer 1200 1218 1178 1013 1024 889 906
76 = South (SPT) Effective 3581 = 4072 = 4637 4905 = 4973 = 4949 = 4952
Generation
76 South (SPT) Demand 3026 3035 3053 3047 = 3058 3074 3066
Z6 = South (SPT)  Planned Transfer =~ 555 = 1037 = 1584 = 1858 = 1915 @ 1875 1886
77~ North &NE Effective 2867 2826 = 2773 3801 3780 5723 5724
England Generation
77~ NOMth&NE Demand 2798 = 2786 @ 2795 2855 = 2890 @ 3063 @ 3127
England
77~ North&NE Planned Transfer = 68 40 22 | 945 | 890 @ 2660 @ 2597
England
78 Yorkshire Effective 11505 10825 11618 11027 10971 10371 10378
Generation
78 Yorkshire Demand 5004 5643 5869 @ 6072 @ 6114 = 6190 = 6207
Z8 Yorkshire Planned Transfer 5602 5182 5749 4955 4857 4180 4171
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Z9

Z9

Z9

Z10

Z10
Z10

Z11

Z11
Z11

Z12

Z12
Z12

Z13

Z13

Z13

Z14

Z14
Z14

Z15

Z15
Z15

Z16

Z16
Z16

17

Z17

Z17

All

NW England &
N Wales

NW England &
N Wales

NW England &
N Wales

Trent

Trent

Trent
Midlands

Midlands
Midlands

Anglia & Bucks

Anglia & Bucks
Anglia & Bucks

S Wales &
Central England

S Wales &
Central England

S Wales &
Central England

London

London

London
Thames Estuary

Thames Estuary

Thames Estuary
Central S Coast

Central S Coast
Central S Coast

South West
England

South West
England

South West
England

Total

Effective
Generation

Demand

Planned Transfer
Effective
Generation
Demand
Planned Transfer

Effective
Generation

Demand
Planned Transfer

Effective
Generation

Demand
Planned Transfer
Effective
Generation

Demand

Planned Transfer
Effective
Generation
Demand
Planned Transfer

Effective
Generation

Demand
Planned Transfer

Effective
Generation

Demand
Planned Transfer
Effective
Generation

Demand

Planned Transfer

Effective
Generation

8188

7370

819

6048

719
5329

3427

7008
-3580

3904

5729
-1825

5940

4907

1033

1242

10029
-8787

4425

2021
2404

1210

4294
-3084

1773

2655

-882

8156

7420

736

6665

762
5903

3379

7132
-3752

4179

5822
-1643

7816

5020

2796

1224

10331
-9107

2483

2107
376

1192

4352
-3160

1747

2676

-929

7132

7816

-684

6227

759
5467

4360

7201
-2841

4385

5749
-1365

7571

5015

2556

1201

10482
-9281

2960

2108
851

837

4337
-3500

1714

2654

-939

59344 59986 60739

7591

7776

-186

6191

769
5422

4334

7263
-2928

4091

5795
-1704

7814

5052

2762

1195

10738
-9542

2937

2139
798

833

4357
-3525

1704

2670

-966

61435

6376

7809

-1432

6158

757
5402

4313

7306
-2993

5373

5862
-488

7592

5101

2491

1557

10833
-9275

2905

2160
745

828

4388
-3560

1696

2690

-994

61887
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7874

-1628

6032

778
5254

3854

7364
-3510

4953

5917
-964

6598

5119

1480

1525

10756
-9232

3003

2172
832

811

4412
-3601

2496

2703

-208

62390

6250

7858

-1607

6038

784
5253

4250

7398
-3147

4957

5959
-1002

6603

5136

1467

1526

11062
-9536

3006

2140
866

812

4415
-3604

2497

2709

-211

62846
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All Total Demand 59344 59986 60739 61435 61887 62390 62846
All Total Planned Transfer 0 0 0 0 0 0 0

. Copyright © 2009 National Grid
. Terms & conditions

. Privacy policy

http://www.national grid.com/uk/sys_09/dddownl oaddisplay.asp?chap=true& sp=sys Table7_2 (3 of 3)28/05/2009 15:51:22


http://www.nationalgrid.com/uk/sys_09/default.asp?action=copyright.htm
http://www.nationalgrid.com/corporate/legal/privacy.htm

SY S 2009 Data Download Report - Table 7.3 - Studied Boundary Generation, Demand and Transfer (MW)

“ Data download as CSV | Click to close window

Table 7.3 - Studied Boundary Generation,

1
Boundary

¥

Bl

Bl

Bl

B2

B2

B2

B3
B3

B3

B4
B4

B4

B5

BS5

BS5

B6
B6

B6

B7

B7

Demand and Transfer (MW)

F
Boundary

NAme
¥

SHETL North
West

SHETL North
West

SHETL North
West

SHETL North -
South

SHETL North -
South

SHETL North -
South

Sloy
Sloy

Sloy

SHETL - SPT
SHETL - SPT
SHETL - SPT

SPT North -
South

SPT North -
South

SPT North -
South

SPT - NGET
SPT - NGET

SPT - NGET

Upper North

Upper North

1
Quantity
¥

Effective
Generation

Demand
Planned
Transfer
Effective
Generation
Demand
Planned
Transfer

Effective
Generation

Demand

Planned
Transfer

Effective
Generation

Demand

Planned
Transfer

Effective
Generation
Demand
Planned
Transfer

Effective
Generation

Demand

Planned
Transfer

Effective
Generation

Demand

F F F F F F F
2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16
¥ ¥ ¥ ¥ ¥ ¥ ¥
961 954 942 792 1075 1437 1437
506 512 516 523 529 536 536
455 442 426 269 546 901 901
2232 2216 2186 2061 2381 2905 2905
1089 1105 1116 1128 1139 1151 1151
1143 1111 1070 933 1242 1754 1754
258 322 318 317 315 311 311
66 67 65 66 67 68 68
192 255 253 251 248 243 243
2846 3011 2971 2843 3181 3754 3754
1698 1709 1725 1744 1762 1781 1781
1148 1302 1246 1099 1419 1973 1973
5234 5419 5324 5012 5363 5829 5829
2886 2899 2900 2901 2920 2967 2967
2348 2520 2424 2112 2443 2862 2862
8815 9491 9961 9917 10336 10778 10778
5912 5934 5953 5948 5978 6041 6041
2903 3557 4008 3970 4358 4737 4737
11682 12317 12734 13718 14116 16501 16501
8711 8720 8748 8803 8867 9104 9104
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North -
Midlands

North -
Midlands

North -
Midlands

Midlands -
South (Export)

Midlands -
South (Export)

Midlands -
South (Export)

Midlands -
South (Import)

Midlands -
South (Import)

Midlands -
South (Import)
South Coast
South Coast
South Coast
North East &

Yorkshire

North East &
Yorkshire

North East &
Yorkshire
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SY S 2009 Data Download Report - Table 7.3 - Studied Boundary Generation, Demand and Transfer (MW)

B14 London Planned 8787  -9107  -9281 @ -9542 = -9275 = -9232
Transfer
B15 Thames Effective 4425 = 2483 2960 @ 2937 @ 2905 = 3003
Estuary Generation
B15 Thames Demand 2021 2107 2108 @ 2139 @ 2160 @ 2172
Estuary
B15 Thames Planned 2404 376 = 851 @ 798 = 745 = 832
Estuary Transfer
North East, Effective
B16 Trent & \ 29235 29808 30579 30936 31245 32903
. Generation
Yorkshire
North East,
B16 Trent & Demand 15333 15126 15376 15644 15738 16072
Yorkshire
North East,
Planned
B16 Trent & 13902 14682 15202 15292 15507 16831
. Transfer
Yorkshire
B17  West Midlands Crective 3427 3379 4360 @ 4334 4313 3854
Generation
B17  West Midlands Demand 7008 = 7132 7201 @ 7263 = 7306 @ 7364
B17  West Midlands Planned 3580  -3752 -2841 -2928 -2993 = -3510
Transfer
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SY S 2009 Data Download Report - Table 7.4 - System Power Losses at Peak

“ Data download as CSV | Click to close window

Table 7.4 - System Power Losses at Peak

rF rF rF rF rF rF rF rF
Category 2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16
L J L J L J L J L J L J L J L J
Transmission Heating Losses excluding
GSP Transformers (MW) 760 912.5 884.3 930.2 915.8 1090.1 1106.8
Fixed Losses (MW) 273 276 276 276 282 284 285
GSP Transformer Heating Losses (MW) 103.2 1084 1127 1188 121.2 1293 1345
Generator Tra”Sf(ol\;lr\';‘VG;r HeatingLosses ' 1534 ' 111 1082 1374 1332 1358 1358
Total Losses 1239.6 1407.9 1381.2 1462.4 1452.2 1639.2 1662.1
ACS Peak Demand (MW) excluding 58145.6 58774 59512.1 60194.4 60637.2 61129.9 61577
Losses and Station Demand
Total Losses as percentage of Demand 2.1 2.4 2.3 2.4 2.4 2.7 2.7

. Copyright © 2009 National Grid
. Terms & conditions
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SY S 2009 Data Download Report - Table 7.5 - Effectiveness of Marginal Generation due to Transmission Losses

ﬂ’ Data download as CSV | Click to close window

Table 7.5 - Effectiveness of
Marginal Generation due to
Transmission Losses

rF
Zone Number

¥
Z1

z2
Z3
Z4
Z5
Z6
z7
Z8
Z9
Z10
Z11
Z12
Z13
Z14
Z15
Z16
Z17

. Copyright © 2009 National Grid
. Terms & conditions

. Privacy policy

rF
Zone Name

¥
North West (SHETL)

North (SHETL)
South (SHETL)
Sloy (SHETL)
North (SPT)
South (SPT)
North & NE England
Yorkshire
NW England & N Wales
Trent
Midlands
Anglia & Bucks
S Wales & Central England
London
Thames Estuary
Central S Coast
South West England

F F
Licensee Effectiveness(%)

¥ ¥
SHETL <90
SHETL <90
SHETL <90
SHETL <90

SPT 90.9

SPT 93.8
NGET 98.1
NGET 100.3
NGET 100.6
NGET 100.4
NGET 106.2
NGET 106
NGET 108.3
NGET 109
NGET 109.7
NGET 111.2
NGET 110.8
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Introduction to Chapter 8

This chapter describes the capability of the GB transmission system to transport power at the time of the system ACS peak. The power system
analyses underlying many of the results discussed in this chapter have been conducted on the basis of the deterministic SYS background. The
deterministic SYS background comprises the customer based demand forecasts of Electricity Demand, the existing and future transmission
contracted generation of Generation and the existing and planned transmission network described in GB Transmission System. It should be
noted that calculated system capabilities are a function of the generation, demand and transmission background against which they are
assessed. Accordingly, the computed capabilities reported in this chapter are those which would arise should the SYS background be realised
at the time of system peak. At other times and/or against other backgrounds different transmission capabilities may arise.

As explained in previous chapters, there is uncertainty associated with the demand forecasts and with future generation developments. Thus, it
should be recognised that the SYS background does not necessarily represent the most likely outcome, nor should it be regarded as a 'forecast'
of the outcome. Uncertainties in demand and generation developments will affect future power transfers, transmission system capabilities, the
need or otherwise for transmission system reinforcements and the opportunities for making new or further use of the transmission system.

In view of this, the transfers and capabilities arising from the deterministic SYS background have been presented against the backdrop of a
range of probabilistic transfers. These probabilistic transfers reflect, in part, our current views on a range of criteria, which influence the likely
future outcome given the various generation and demand uncertainties. This presentation is intended to provide a more meaningful view of
future transfers, promote a better appreciation of the future uncertainty we face in planning the system and enable the reader to make more
informed judgements on the opportunities for making new or further use of the transmission system.

The chapter also identifies those reinforcements which could be required, in addition to the planned reinforcements presented in GB
Transmission System, to achieve compliance with the Licence Standard on the basis of the SYS background. These additional reinforcements
are subject to variation and should be regarded as indicative only.

In addition, a new section has been incorporated that refers to the work undertaken by the ENSG (Electricity Networks Strategy Group) in
analysing what reinforcements would be required to meet the UK environmental targets, but in particular the electricity share of the renewable
2020 target.

The probabilistic range of transfers, which are presented in this chapter, have been derived using a National Grid program called the Generation
Uncertainty Model (GUM). To provide a greater understanding of the probabilistic results presented and how they should be interpreted, the
chapter includes a high level description of GUM.

System Boundaries

An understanding of the capability of the GB transmission system to transport power leads to an understanding of the ability of the GB
transmission system to accommodate further generation and demand in different zones across the system. When considering the capability of
the system, it is useful to consider the limits on the bulk transfer of power across certain system boundaries.

Accordingly, this chapter reports on a number of key boundary capabilities and, for this purpose, the 17 SYS boundaries described in SYS
Boundaries and SYS Study Zones and shown in Figure A.1.6. These boundaries are also shown in Figure A.2.3 for SHETL, Figure A.3.3 for
SPT and Figure A.4.3 for NGET. These 17 boundaries have historically reflected some of the main weaknesses on the interconnected system.

Such weaknesses can lead to the need to restrict power flows across the system; possibly through the potentially uneconomic constrained
operation of generating plant. Alternatively, transmission weaknesses may be removed through some form of transmission reinforcement.
Although the most critical boundaries may not now be precisely the same as those studied, the 17 boundaries which have been used remain
relevant for illustrating system trends and limitations.

Consideration of the range of possible future transfers across each of the 17 boundaries enables us to describe the type of reinforcement
schemes, which may be required in order to ensure continued compliance with the Licence Standard.

Boundary Capabilities and Required Capabilities

Two types of system limitation, relating to the transfer of power across a boundary, have been considered. The first relates to thermal capability
and the second to voltage capability. The boundary capabilities have been evaluated for the time of the system winter peak demand of 2009/10,
2011/12, 2013/14 and 2015/16 and are on the basis of the SYS background. These capabilities will, of course, potentially change at off-peak
times but, as explained in Off-Peak Power Flows, in the ‘real time’ operational time-phase, the system is managed such that it complies at all

times with operational criteria of the Licence Standard.
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As mentioned above, the Licence Standard defines certain unacceptable conditions, which shall not occur as a result of specific secured events.
The unacceptable conditions referred to include:

. loss of supply capacity (except as permitted by specific demand connection criteria);
. unacceptable overloading of any primary transmission equipment;

. unacceptable voltage conditions or insufficient voltage performance margins; and

. system instability.

For example, in the case of planning the development of the Main Interconnected Transmission System, a boundary in which a single circuit is
out of service due to a fault, must be capable of transferring the Planned Transfer (as defined in the Licence Standard) plus an allowance (also
specified in the Licence Standard) to take account of non-average conditions (e.g. relating to power station availability, weather and demand)
without any of the above unacceptable conditions arising. The allowance, referred to, is calculated by an empirical method described in the
Licence Standard and is called the "Interconnection Allowance".

Similarly, the Licence Standard also requires that a boundary, in which two circuits are out of service (i.e. N-2 or N-D as appropriate), must be
able to transfer the Planned Transfer plus half the calculated Interconnection Allowance without any unacceptable conditions arising.

Accordingly, the boundary thermal capability is the power flow that can be transferred across the boundary without causing any unacceptable
conditions following the outage of two circuits (i.e. N-2 or N-D) as defined in the Licence Standard. The overall boundary capability is the lower
of the thermal (MW) and voltage capabilities. Known stability limitations are also reported in the Boundary Commentary section which is
presented later in this chapter. The required capability is simply the Planned Transfer plus half the Interconnection Allowance.

Please note, however, that application of the Interconnection Allowance (or part thereof) relates only to those boundaries, which divide the
system into two contiguous parts, the smaller of which contains more than 1500MW of demand. In the case of the boundaries, which have been
defined for the NGET and SPT systems, this is always the case. However, for a number of boundaries in the SHETL system (namely:
boundaries B1, B2 and B3), this is not the case and, in these instances, the required capability quoted is simply the Planned Transfer.

The boundary capabilities reported in this chapter give an indication of the maximum boundary transfer that can be supported without
contravening any of the above unacceptable conditions following a secured event. A boundary capability that is less than the required capability
indicates a need for transmission reinforcement. A boundary capability that is greater than the required capability shows only that the security
criteria are satisfied for the particular transfer conditions and background studied.

While not identical (particularly for voltage control and fault levels), in terms of flows on the system, the withdrawal of generation will have a
broadly similar effect to the addition of demand and vice versa. The amount by which a boundary capability exceeds the required capability
gives an indication of the approximate extent of ‘spare’ transfer capacity on that boundary. However, this does not necessarily mean that an
equivalent volume of additional generation on the exporting side of the boundary (or an equivalent volume of additional demand on the
importing side) can be readily accommodated. This can be due to a number of reasons including:

. there may be a need for 'local' reinforcements not directly related to the boundary;

. as additional generation or demand is connected to the system, the background against which both the required capability and boundary
capability are assessed changes; and

. the security criteria must be satisfied for all system boundaries indicated by the Licence Standard, i.e. while a particular connection may satisfy
conditions for one boundary, it may fail to do so for another.

The nature of a boundary capability can be illustrated by separately establishing the voltage capability and the thermal capability. The way in
which voltage or thermal considerations might be the limiting factor in different years is illustrated in Figure 8.1. The voltage capability is shown
as a blue line (this may arise either because of unacceptable voltage conditions or insufficient voltage performance margin, whichever limit
arises first), and the thermal capability as a green line. The net boundary capability is shown by the red line.

Figure 8.1

Click to load a larger version of Figure8.1 image
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Deterministic Transfers
The power flows presented in this chapter are based on the deterministic SYS background. There is inherent uncertainty associated with the
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assumptions underlying any deterministic background. For example demand and generation may, in the event, deviate from any of the
deterministic assumptions underlying the background. Uncertainty must also therefore be attributed to both the resultant deterministic power
flows and any consequent perceived need for transmission reinforcement. The SYS background is no exception and, while it has been selected
as the most reasonable deterministic background for the purposes of Chapter 7, it should not be assumed that it represents the most likely
future outcome.

For ease of explanation, the boundary commentaries presented later in this chapter include a series of figures (Figure 8.B1 , Figure 8.B2,
Figure 8.B3, Figure 8.B4, Figure 8.B5, Figure 8.B6 , Figure 8.B7 , Figure 8.B8, Figure 8.B9, Figure 8.B10, Figure 8.B11, Figure 8.
B12, Figure 8.B13, Figure 8.B14 , Figure 8.B15, Figure 8.B16 and Figure 8.B17). Amongst other things, each of these figures shows the

planned transfer, the required capability and the actual calculated capability for the relevant boundary. These values are all calculated on the
basis of the deterministic SYS background and, in view of this, they are often referred to as the "SYS Transfer", the "SYS Required Transfer"
and the "SYS Capability" respectively.

As specified by the Licence Standard, for a particular generation and demand background, the required capability is simply the planned transfer
enhanced by the appropriate Interconnection Allowance for the boundary in question. Where the required capability is less than the actual
boundary capability, there is no need for further reinforcement in respect of that particular boundary. An example of this is given in Figure 8.2,

which illustrates that the required capability exceeds the actual capability from around year 3 onwards indicating a potential need for further
reinforcement on the basis of the SYS background.

Figure 8.2

Click to load a larger version of Figure8.2 image
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The boundary capabilities quoted in this chapter relate to planning the medium to long term future development of the system and are not
necessarily appropriate to the real time operation of the system. Operational boundary capabilities are a function of the real time transfer, which
can be achieved within operational timescales for a given pattern of system outages, demand and generation availability. In operational
timescales each of these factors is known with a relatively high degree of certainty, which is unlike in the planning time phase where there is a
need to consider a great many more uncertainties.

The boundary capabilities reported in this chapter do, nevertheless, provide a good broad appreciation of the overall capability of the GB
transmission system to transport power. An apparent surplus of boundary capability over the required capability generally shows the exporting
side to have at least some potential for additional generation and the importing side to have some potential for additional demand. A deficit of
boundary capability against the required capability provides an indication that, were the SYS background to be realised, either investment to
reinforce the system and thereby enhance the capability may be appropriate, or alternatively constrained operation of generation is required in
order to limit the boundary transfers to within acceptable levels.

The possible need, or otherwise, for transmission reinforcement is discussed under Boundary Commentary.

Finally, for the purpose of providing the power flow information reported in this chapter and in Chapter 7, it is first necessary to be able to obtain
a converged AC power flow study at least for the intact system and for the Planned Transfer Condition. Under the SYS background there are a
number of boundaries for which the boundary capability is substantially lower than the planned transfer in a number of years. In those cases
where such deficits are large, convergence of the AC power flow program may be inhibited. In such cases it may be necessary to add a
minimum number of indicative system reinforcements solely for the purpose of obtaining convergence of the Planned Transfer Condition. These
‘indicative convergence works’ (e.g. reactive compensation to achieve acceptable voltage conditions) are not necessarily sufficient for
compliance with the Licence Standard, and the boundary capabilities have been quoted with them included.

Probabilistic Transfers

The Generation Uncertainty Model (GUM)

Deterministically derived boundary transfers are useful but have limited value since they do not consider the uncertainties associated with
projected future demand and generation developments. It is important to take account of the potential impact of these uncertainties on power
transfers across key transmission boundaries when considering the merits of transmission reinforcements.

For a given set of assumptions relating to demand and generation, the Generation Uncertainty Model (GUM) provides a probabilistic
representation of the electricity market. GUM employs a Monte Carlo model in which openings of new generating stations and closures of
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existing stations are randomly selected (subject to the influence of the input assumptions) against a background of uncertain demand growth.
The resultant probabilistic transfers reflect our current view of how the planned transfers across each of the 17 boundaries at the time of system
peak are likely to develop over the next seven years.

Factors which have been taken into account in compiling the input data for GUM include but are not limited to the possible:

variations in demand growth;

variations in Plant Margin;

generation closure and placing in reserve (station CEC=TEC=0 or TEC < station CEC). Within GUM these are referred to as “closures";
return to service of plant currently held in reserve. Within GUM these are referred to as "re-openings";

new power stations, which have received approval, proceeding to completion. Within GUM these are referred to as "openings";

additional proposed new power stations receiving approval and proceeding to completion. Within GUM these are again referred to as
"openings";

termination or modification to current generation connection agreements; and

variations (including exports) in transfers over the External Interconnections with External Utilities.

It is not possible to provide the detail of the input assumptions we have made since this would breach our obligations on commercial
confidentiality. The probabilistic transfer information is provided without prejudice and reflects our current view of future uncertainty. Clearly, this
view may change as developments in the electricity market in Great Britain unfold, but nevertheless it should prove a useful complement to the
simple deterministic SYS background approach.

The purpose of presenting this additional information is to:

provide a more meaningful view of the possible range of future boundary transfers given an unconstrained transmission system;

place the deterministic SYS background based boundary transfers and capabilities in the context of what we currently believe to be the likely
range of future transfers;

promote an appreciation of the future uncertainty in relation to planning the development of the transmission system; and

enable the reader to make more informed judgements on the opportunities for making new or further use of the transmission system without
incurring the need for major inter-zonal transmission reinforcement.

Overview of GUM Analyses

For each year within the period of study, GUM models the system at the time of peak demand on the GB transmission system. This is
consistent with the deterministic boundary transfer and capability analyses. The program does not simulate the system year-round; its purpose
is to model the generating capacity that might be available to meet the likely peak demand.

The input information provided to GUM reflects our current views on the various generation and demand uncertainties. Our market intelligence
in this area is largely based on material in the public domain. In compiling the input assumptions we have tried to avoid introducing any bias.
Clearly, our views may change as developments in the electricity market in Great Britain unfold. Nevertheless, the results obtained from GUM
analyses should prove more stable than a simple deterministic approach.

There are currently more generation projects proposed than are essential to meet forecast demand. From experience, we consider it unlikely
that all of these projects will be completed as planned. Some may slip from their planned commissioning dates while others will be terminated.
At the same time, some existing plant can be expected to close down due to age alone while some may close due to competitive pressure from
more efficient new market entrants or due to increasing pressure due to environmental constraints. We are not attempting to predict specific
generation openings and closures, yet we need to know their probable effects on the power flows on the transmission system. GUM can be
used to provide us with this information.

To estimate the probable ranges of power transfer, GUM randomly selects generator openings and closures, balancing the probable generation
capacity against probable peak demand and probable Plant Margin. The random selections are weighted according to a range of input
information and criteria, which influence the likelihood of the station opening or closing. Weightings for station openings consider, but are not
limited to, the stage of development activity for the stations (which includes issues such as consents status), environmental impact, thermal
efficiency, fuel type, and availability of fuel, water, and transmission. Weightings for station closure include, but are not limited to, age, thermal
efficiency, fuel delivery, fuel type, availability and environmental impact.

By making random selections of demand and generation according to the given probability functions and weightings, GUM generates up to
10,000 demand/generation permutations or backgrounds. Each single background represents a time sequence of demand growth, plant
openings and plant closures running from 2009/10 to 2015/16.

However, a typical GUM analysis does not model every possible future; rather it represents a possible range of variations around the overall
demand growth forecast and range of possibilities within the current list of generation projects. Changing the underlying assumptions (for
example, a major change in relative fuel costs, or changes in the location and timing of new generation projects) would have some effect on the
power transfer ranges.

GUM Boundaries and Zones

For each of the 10,000 backgrounds, GUM calculates the net generation capacity surplus or deficit for each specified GUM zone or group of
GUM zones. This surplus or deficit then permits the calculation of the range of possible transfers out of or into each specified zone or group of
zones for each sampled generation background. By calculating the net transfer for each of the 10,000 backgrounds within each year of the
study period, it is possible to show probabilistic ranges of net transfers into or out of each specified zone, or group of zones, year by year. The
program only considers net transfers. Since GUM does not incorporate a network model, it does not in itself calculate power flows across
individual circuits.

As with the deterministic analyses, it is useful to consider probabilistic power transfers across certain critical boundaries. The GUM analyses
presented in this chapter are based around the SYS Boundaries and SYS Study Zones introduced in SYS Boundaries and SYS Study Zones.
Since GUM calculates net imports and exports for zones and groups of zones, all GUM boundaries are defined in terms of the complete
boundary surrounding specified single zones or groups of zones.
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Accordingly, each boundary under study is defined in terms of the zones on one side of that boundary. Table 8.1 lists the defining zones on one

side of each of the main SYS boundaries. For boundaries B10 & B12 the defining zones are south of the boundary. For boundaries B1, B3, B13,
B14, B15 & B17 the defining zones are those encompassed by the boundary. For all other boundaries, the defining zones are north of the
boundary.

Presentation of Results

The Fan Diagram

A key output of GUM is the probabilistic range of transfers over a given period for each defined boundary. For each year of the study, GUM
calculates probabilistic distributions of power transfers for each boundary under peak load conditions. These distributions could be plotted as
separate charts for each boundary for each year. However, a concise and convenient method of presenting the results is to plot percentiles of
the distributions to show how the range of probable transfers varies year by year for each boundary.

The resultant plots typically display a narrower range of transfers in the earlier years than in the later years, since there is greater certainty
associated with the earlier years. The characteristic shape is therefore generally in the form of a fan and, in view of this, the diagrams are often
referred to as "fan diagrams".

An illustrative example is given in Figure 8.3. The green shaded area shows the range of probabilistically derived transfers arising out of the
GUM analyses. The deterministic SYS planned transfer, the deterministic SYS required capability and the deterministic SYS capability have
been superimposed on top of the "fan" of probabilistic transfers for comparison.

Figure 8.3

Click to load a larger version of Figure8.3 image
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In the illustrative example of Figure 8.3, the darker shaded central band extends (on the vertical axis) from the 25th to the 75th percentiles of
the range of probabilistically derived transfers, and thus includes 50% of all such transfers across the boundary at the time of system peak. The
wider area, encompassed by the lighter shaded bands runs from the 5th to the 95th percentile and thus, together with the dark band, includes
90% of transfers. The remaining 10% lie outside the shaded range. The fan of probabilistically derived transfers can be compared with the
deterministic planned transfer for the single deterministic SYS background.

It does not follow that the probabilistic transfer arising from a background considered to be likely will necessarily be captured within the envelope
range shown on the diagram. Nor does it follow that all the most commonly occurring transfers have highly probable backgrounds. In GUM, all
backgrounds are equally probable. Nevertheless, the range of transfers displayed in the fan diagram does provide a very useful indicator of the
most probable future planned transfer across the boundary given the possible combined effects of the various sources of generation and
demand uncertainty. GUM can then be interrogated to reveal the details of any background underlying any transfer (point on the fan diagram)
for further detailed analysis.

GUM takes as its starting point the existing pattern of zonal demand and generation at the time of the 2008/09 winter peak. Conditions in the
following year should be fairly predictable, nevertheless there are uncertainties that are represented in GUM's probabilistic analysis. For
example, a power station may be scheduled to commission by the 2009/10 winter peak, but construction may slip such that it is unable to
contribute to the system peak demand until 2010/11. Variations and uncertainties relating to transfers across the External Interconnections with
External Systems are included in the probabilistic analyses. This can account for a significant part of the range of uncertainty displayed in the
fan diagrams.

Interpretation

In the arbitrary example given in Figure 8.3 the deterministic SYS required capability exceeds the SYS boundary capability by year four, which
implies that there are no opportunities for additional generation on the exporting side of the boundary from that year without reinforcement. The
probabilistic transfers, indicated by the fan, imply that the need for reinforcement is unlikely until the later years, if at all. Any reinforcement can
therefore be delayed until the later years when the need becomes more certain.

However, as noted previously, these kinds of conclusions must be qualified by recognition that the boundary capability is dependent on the
exact disposition of generation and demand in the background against which it is assessed. For example, interactions of generation openings
and closures and changes in demand all on the same side of a boundary, or on opposite sides, can lead to little or no change in the ‘Planned’
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boundary transfer but, nevertheless could give rise to a need for significant reinforcements in order to maintain system security. Nor would two
backgrounds, which, result in similar transfers across a particular boundary necessarily, give rise to the need for the same transmission
reinforcement across that boundary since the boundary capability is a function of how the boundary transfer is shared between the boundary
circuits, which is in turn a function of the particular background under consideration.

An important message is that the requirement for transmission system reinforcement does not simply correspond to a given boundary transfer.
The need for system reinforcement can still arise at transfers below the 'SYS capability' levels displayed in the series of figures (i.e. Figure 8.B1

to Figure 8.B17) included in the next section of this chapter.

Boundary Commentary

Background

For a better understanding of the results presented in this section the reader is advised to first read the previous sections of this chapter. In
particular the format of the figures used is as presented in Figure 8.3. The SYS background transfers presented are consistent with the power
flow studies discussed in GB Transmission System Performance which were also based on the generation ranking order of operation given in
Table 7.1.

Please note that the transfers displayed in the series of figures which follow (i.e. Figure 8.B1 to Figure 8.B17) relate to the time of system peak
demand. The capabilities shown are the transfer levels beyond which either thermal or voltage limitations become apparent on the Main
Interconnected Transmission System. These SYS capabilities have been evaluated for the spot years 2009/10, 2011/12, 2013/14 and 2015/16
only. It is stressed that the SYS capabilities are appropriate for the SYS background and do not necessarily correspond to any of the many
backgrounds appropriate to the probabilistic transfer range. The SYS capability does nevertheless provide a useful reference and initial indicator
of overall capability.

The probabilistic transfer ranges shown are considered to be a more realistic representation of the likely transfer range than the single
deterministic SYS background transfers and naturally receive attention in the commentary that follows. However, apart from a high level
comparison, it is not possible to provide a detailed commentary on the probabilistic ranges since to do so could breach our obligations to our
customers on commercial confidentiality. For the single deterministic SYS background transfers this is not a concern and accordingly greater
detail has been included in the commentary.

In considering each of the following boundary commentaries it is useful to cross reference a number of tables presented elsewhere which are
relevant to the SYS background transfers. Table 7.3 presents the SYS background studied generation, demand and transfer for each boundary.
For ease of reference, each of the following boundary commentaries includes the relevant extract of Table 7.3 . Please refer to Table 3.7 for
details of generation capacity changes under the SYS background over the period from 2005/06 to 2015/16, Table 3.10 for generation
disconnections since 2005/06 and to Table 3.11 for generating units declared unavailable.

Overview

As explained in Chapter 3, access to the GB transmission system is provided through arrangements with National Grid, acting as GBSO, under
the Connection and Use of System Code (CUSC). The CUSC sets out the contractual framework for connection to, and use of, the GB
transmission system. The CUSC has applied across the whole of Great Britain since BETTA "go-live" (1 April 2005).

The removal, under BETTA, of the previous commercial arrangements for the use of the circuits connecting Scotland and England has given
wider rights of GB system access than previously was the case. However, the volume of requirements for connection to and use the GB
transmission system has meant that:

. there is a potential shortage of transmission system capacity, and
. as yet unplanned transmission reinforcement is required to maintain compliance with the Licence Standard.

TThe results, reported in this chapter, demonstrate this potential transmission capacity shortage under the SYS background. As a consequence,
there is a potential need for significant reinforcement of the system in addition to those identified in Table 6.2.

After the introduction of BETTA , which brought about the removal of the administered Interconnection arrangements between England and
Scotland, an extensive reinforcement programme is required to accommodate the required capabilities determined by the SYS background for
boundaries in the border area. The projected commissioning of some 2GW of new transmission contracted generation in Scotland, substantially
made up of wind farms, is dependant on the completion of the schemes which make up the planned Beauly/Denny transmission reinforcement.
The Beauly/Denny reinforcement is included as part of the SYS background for commissioning by 2013/14. However, elements of this
reinforcement are currently the subject of a Public Inquiry and, consequently, the final commissioning date may vary, which would impact on the
study results presented in GB Transmission System Performance and this chapter.

Examination of the boundary transfer levels over the seven year period for the 'SYS background' indicates that:

. The major North-South flow boundaries B1 (SHETL North West Export), B2 (North to South SHETL), B4 (SHETL to SPT), B5 (North to South
SPT), B6 (SPT — NGET), B7 (Upper North), B11 (Northeast & Yorkshire) and B16 (Northeast, Trent & Yorkshire) all show steady growth in
power transfers throughout in the SYS period. This is a result of an increased power export through Scotland and into England, due primarily
to contracted renewable energy developments throughout Scotland;

. For B8 (North to Midlands) the power transfer fluctuates with generation changes north of the boundary however there is a general trend of
increasing power transfer across the boundary.

. Central London import (B14) show a trend of steadily increasing transfers reflecting the increasing demands due to the Olympics and the lack
of new generation projects within this zone;

. West Midlands import (B17) show very little change after 2008/09 due to a balance between increasing demands and some generator
openings;

. There is a general trend with reducing transfers across South & Southwest import (B12), while the South Coast import (B10) and South West
import (B13) remain steady, throughout the SYS period, reflecting new plant that might be expected to commission in the South and
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Southwest in line with present contractual positions.
Comparison of the SYS Planned Transfers with the probabilistic ranges reveals that:
. for Boundaries 6, 7, 8, 9, and 14 the SYS transfers generally lie towards the top of the likely transfer range;
. for Boundaries 3, 4, 5, 10, 11, 16 and 17, the SYS transfers generally lie towards the middle of the likely transfer range;
. for Boundaries 1, 2, 12, 13 and 15 the SYS transfers generally lie towards the bottom of the likely transfer range.

Examination of Figure 8.B1 to Figure 8.B17 reveals a wide range in the width of the probabilistic transfer envelope across the various

boundaries. For boundaries cutting large importing or exporting areas such as Boundary 8 (North to Midlands) and Boundary 9 (Midlands to
South), the width of the probabilistic transfer envelope reflects, inter alia, the higher uncertainty associated with the larger tranche of generating
plant on the exporting side. For other boundaries, such as Boundary 14 (London) which is an importing boundary dominated by a large demand
with little generation, the width of the probabilistic transfer envelope is relatively narrow reflecting a higher degree of certainty.

Boundaries B6 (SPT — NGET), B7 (Upper North), B8 (North to Midlands), B9 (Midlands to South), B10 (South Coast import), B11 (Northeast &
Yorkshire), B14 (London) and B16 (Northeast, Trent & Yorkshire) would all require reinforcement to be Licence Compliant for the SYS
background.

Commentary
Boundary 1: SHETL North West
Figure 8.B1
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Generation to the north of this boundary is increasing at a significant rate due to the high volume of new wind based generation seeking
connection in the area. Consequently, the boundary transfers are also increasing at a similar rate.

Please note that application of the Interconnection Allowance (or part thereof) relates only to those boundaries, which divide the system into two
contiguous parts, the smaller of which contains more than 1500MW of demand. For this boundary (as with boundaries B2 and B3), this is not
the case and accordingly the required transfer capability is equal to the Planned Transfer.

The 2009/10 required transfer for this boundary just exceeds the boundary capability indicating the need for transmission reinforcement. The
required transfers beyond 2009/10 are within the boundary capability.

The first of the proposed reinforcements for this boundary is scheduled for completion by the end of 2010 and comprises the creation of a new
275/132kV substation at Knocknagael. This is located to the south of Inverness at the existing Foyers connection tee point on the Beauly-
Blackhillock line. It is proposed to move the existing Inverness demand onto this new substation using new 132kV cable circuits, thus reducing
the load on the Beauly-Keith 132kV circuits and thereby increasing the B1 capacity to around 450MW.

Within the north west boundary, additional transmission reinforcements will be required to connect the proposed new generation. For example,
to the north of Beauly, additional works between Beauly and Dounreay (near Thurso) will be required. This will comprise conductoring the spare
side of the existing 275kV double circuit line between Beauly and Dounreay and installation of a 275kV busbar and a second 275/132kV
transformer at Dounreay. Further reinforcement north of Beauly may be required depending on the location and volume of generation
connections.

The second proposed reinforcement is the replacement of the existing 132kV double circuit tower line between Beauly, Fort Augustus, Errochty
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and Bonnybridge, by a new 400kV double circuit tower line terminating at Denny near Bonnybridge. The Beauly-Denny project was the subject
of a public inquiry during 2007 and the outcome of this will determine the extent of the works required and completion date. Currently, the
project completion date is predicted to be 2013. The completion of Beauly-Denny will increase this boundary capability from 450MW to
1250MW.

The additional generation connecting to the north of this boundary means that further reinforcement of this boundary will be required. The next
proposed reinforcement is strengthening of the transmission infrastructure between Beauly (near Inverness), Keith/Blackhillock and Kintore. The
boundary capability can be raised to around 1600MW by reconductoring the existing 275kV transmission line between Beauly, Blackhillock and
Kintore.

If the generation volumes warrant it then the transmission capacity can be increased further by completion of a 400kV ring from Denny to
Kincardine (via Errochty, Fort Augustus, Beauly, Keith, Kintore and Tealing). The 400kV ring can be achieved by making use of the proposed
new Beauly-Denny, a new build transmission line between Beauly and Keith/Blackhillock and using existing infrastructure from Keith down the
east coast to Kincardine which is already 400kV construction.

Within the north west boundary, additional transmission reinforcements will be required to connect the proposed new generation. For example,
to the north of Beauly, additional works between Beauly and Dounreay (near Thurso) will be required. This will comprise conductoring the spare
side of the existing 275kV double circuit line between Beauly and Dounreay, installation of a 275kV busbar and a second 275/132kV
transformer at Dounreay. Phase shifting transformers will also be required on the 132kV lines between Beauly and Shin. Further reinforcement
north of Beauly may be required depending on the location and volume of generation connections.

The significant interest from generation developers on the large Island groups of the Western Isles, Orkney and Shetland means that
infrastructure will be required to connect these to the mainland transmission network. Current proposals are for the Western Isles to be
connected using an HVDC transmission link to Beauly 400kV substation (already proposed as part of the Beauly-Denny infrastructure). It is also
proposed to use an HVDC transmission link to connect Shetland to the mainland at a new 400kV busbar at Blackhillock Substation. The growth
of renewable generation on Orkney is more gradual and the extent to which reinforcement is required is under consideration.

The routes for all new transmission infrastructures will undergo detailed environmental impact assessment and will be subject to consents and
planning approval.

Boundary 2: SHETL North - South
Figure 8.B2
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Generation to the north of this boundary is increasing at a significant rate due to the high volume of new renewable generation seeking
connection to the north of this boundary. Consequently, the boundary transfers are also increasing at a similar rate.

Please note that application of the Interconnection Allowance (or part thereof) relates only to those boundaries, which divide the system into two
contiguous parts, the smaller of which contains more than 1500MW of demand. For this boundary (as with boundaries B1 and B3), this is not
the case and accordingly the required transfer capability is equal to the Planned Transfer.

The increase in required transfer capability of this boundary over the seven year period indicates the need to reinforce the transmission system
in this location. The proposed Beauly to Denny reinforcement required for the north west boundary also provides the necessary increased
capacity for this boundary. The reinforcement comprises the replacement of the existing 132kV double circuit tower line between Beauly, Fort
Augustus, Errochty and Bonnybridge, by a new 400kV double circuit tower line terminating at Denny near Bonnybridge. Subject to a successful
outcome from the Beauly-Denny public inquiry, this reinforcement could be completed in 2013 and will increase the north south boundary
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capability from 1460MW in 2012/13 to 2600MW in 2013/14. Depending on the volume of future renewable generation applications, additional
reinforcement of this boundary may be required. This could include a 400kV east coast upgrade from Blackhillock to Kincardine using existing
infrastructure that is currently operated at 275kV but which is 400kV construction.

Boundary 3: SHETL Sloy
Figure 8.B3
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The application of the Interconnection Allowance (or part thereof) relates only to those boundaries, which divide the system into two contiguous
parts, the smaller of which contains more than 1500MW of demand. For this boundary (as with boundaries B1 and B2), this is not the case and
accordingly the required transfer capability is equal to the Planned Transfer.

New renewable generation in Kintyre and Argyll is increasing over time and reinforcement is needed to accommodate the required transfer
capability after 2009/10. A new 275/132kV substation is being created to link the existing Killin to Sloy 132kV line with the existing 275kV line
which runs from Windyhill to Dalmally. The substation, to be called Inverarnan and located at a point near to where the lines cross at the north
end of Loch Lomond, is under construction and when completed in 2010 will increase the South West boundary capacity to around 3050MW.

Additional generation applications within this boundary have been received which may require additional reinforcement within this area. A
number of reinforcement options are being considered to provide additional transmission capacity, including the option of 132kV subsea cables
from Carradale to Hunterston on the Ayrshire coast.

Boundary 4: SHETL - SPT

Figure 8.B4
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The SHETL to SPT boundary defines the asset ownership boundary between SHETL and SPT and runs from the firth of Tay in the east to near

the head of Loch Long in the west. This boundary encompasses all the generation and demand (except for Dunoon and Strathleven) in the
SHETL area and is normally an exporting boundary.

Generation to the north of this boundary is increasing over time due to the high volume of new renewable generation seeking connection in the
SHETL area. Consequently, the boundary transfers are also increasing with time.

The application of the Interconnection Allowance (or part thereof) relates only to those boundaries which divide the system into two contiguous
parts, the smaller of which contains more than 1500MW of demand. For this boundary, Interconnection allowance is applicable and is added to
the Planned Transfer to give the required transfer capability for the boundary.

The increase in the required transfer capability over the seven year period clearly indicates the need to reinforce the transmission system in this
location. The new Inverarnan substation, described under Boundary B3 and due for completion in 2010, provides additional capacity for
Boundary B4. The proposed Beauly to Denny reinforcement outlined for the north west boundary, due to be completed in 2013, will also
increase the capacity of this boundary. The Beauly to Denny reinforcement comprises the replacement of the existing 132kV double circuit
tower line between Beauly, Fort Augustus, Errochty and Bonnybridge, by a new 400kV double circuit tower line terminating at Denny near

Bonnybridge. These reinforcements will increase the boundary capability from 1660MW in 2009/10 to around 1800MW by 2010/11 and to
around 3050MW by 2013/14.

The increasing volume of renewable generation in the SHETL area may require further reinforcement of this boundary. This could include a
400kV east coast upgrade from Blackhillock to Kincardine using existing infrastructure that is currently operated at 275kV but which is 400kV
construction.

Boundary 5: SPT North - South
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The north to south transfer across this boundary in the central belt of Scotland shows a rise through the years of this statement, due to
contracted renewable energy developments in the north of Scotland. The required capability rises to a level in excess of the current (winter

2008/09) capability, indicating a strong need for reinforcement. The extent of this rise in later years is reduced as a result of some existing
generation becoming non-contributory.

Works to reinforce this boundary are presently in the construction phase. These works will enhance the thermal capability of the Longannet to
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Clyde’s Mill and Esterhouse to Clyde’s Mill 275kV circuits via switchgear replacement at Clyde’s Mill 275kV substation. A series reactor will be
installed at Windyhill 275kV Substation on the Neilston 275kV circuit.

Together with a second 400/275kV transformer at Strathaven and additional reactive compensation plant, the works described above will deliver
a boundary capability approaching 3800MW by 2011/12.

Boundary 6: SPT - NGET
Figure 8.B6
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The north to south transfer across the boundary between SPT and NGET shows a significant rise throughout all years of this statement, due to
contracted renewable energy developments throughout Scotland. As a consequence, the required capability is significantly in excess of the
current capability, indicating a strong need for reinforcement.

Due to the fact that the required capability currently exceeds the actual capability, SPT and NGET have been granted relief from Licence
Condition D3 in respect of the circuits connecting the SPT system to that of NGET.

To achieve a capability of approximately 2,800MW by 2010/11 and 3,300MW by 2011/12, SPT and NGET are undertaking an extensive
reinforcement programme.

The existing 275kV link from Strathaven to Harker is being uprated to 400kV operation. The overhead line conductor on the Eccles to Stella
West 400kV circuits will be replaced with a conductor bundle that gives a higher continuous rating and lower impedance, enhancing boundary
thermal and stability performance.

New transformers will be installed at Blyth connecting into the Eccles to Stella West circuits. The network will be reconfigured at Hawick and the
guadrature booster at Tongland replaced with a unit of higher rating. Strathaven 400kV Substation will be reconfigured and reactive
compensation will be installed at a number of strategic locations on the SPT network.

Upon completion of the planned reinforcement programme, the boundary continues to show insufficient transfer capability for the given SYS
Background, indicating further reinforcement may be required.

It should be remembered that the planned transfer figures derived from the SYS Background reflect the current contracted generation position
(which includes almost 6900MW of Large wind generation in Scotland by 2015/16) and take no account of future uncertainty. As mentioned
previously, it is reasonable to suppose that some existing contracts for generation connections may be modified or terminated and some
existing power stations may close.

The SYS Planned Transfer lies above the 50% range of Planned Transfers while the SYS capability is in the lower parts. There is hence a
chance of lower peak flows than suggested by the SYS background; however, significant reinforcements will nevertheless be required in the
very near future to facilitate even the lower parts of the range of probabilistic transfers.

A range of indicative reinforcements to ensure continued compliance with the Licence Standard at the time of peak for the given SYS
Background are listed in table 8.2.

Boundary 7: NGET Upper North
Figure 8.B7
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Figure B.ET Boundary Transfers and Capability
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Figure 817 - Ecurdlery BT Demand and Genaration (W)
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New generation openings north of the boundary result in a significant export transfer across this boundary from 2009/10 onwards. This

boundary shows insufficient transfer capability and remains below the planned system transfer from 2011/12 throughout the SYS period to
2015/16.

The planned and required transfers lie to the upper part of the probabilistic range of transfers suggesting a possible exaggeration of the planned
and required transfers. Thermal circuit limitations do not provide enough capability to cover the full range of probabilistic transfers demonstrating
a requirement for network reinforcements. The jump in planned and required transfers in 2014/15 is due to a large generation connection in the
North West.

Boundary 8: NGET North to Midlands

Figure 8.B8
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Figure 8.E8 Eoundary Transferz and Capabiity
Eoundary 3: Marth to Miclands
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Figure 8T8 - Ecurdery B Demand and Genaraiion (hiv)
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The North to Midlands boundary transfers remain mostly constant throughout the SYS period. Changes to generation and demand on either
side of the boundary give rise to fluctuations in the transfers and capabilities. The boundary capability dips below required transfers under some
generation conditions needing some additional reinforcements to ensure boundary compliance.

The planned and required transfers lie well within the probabilistic range of transfers.
Boundary 9: NGET Midlands to South
Figure 8.B9
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Figure 8.B9 Eoundary Transfers and Capability
Boundary 2; Miclands to South
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Flgure 8T8 - Ecurdlary B3 Damand and Genaration (hhw)
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The Midlands to South boundary shows a gentle increase in transfers over the SYS period with a small dip in 2013/14 due to southern
connecting generation. The boundary capability decreases to below the required transfer as the gradual increase in boundary transfers pushes

the boundary beyond its voltage and thermal limits.
The planned and required transfers lie well within the probabilistic range of transfers.
Boundary 10: NGET South Coast

Figure 8.B10
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Figure £.B10 Boundary Transfers and Capabiity
Boundary 10 South Coast
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Flgure 8:.T10 - Bourstary B0 Cemand and Genaration (hivd
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The South Coast area is an importing area. The SYS transfer remains fairly constant from 2009/10 to 2013/14, with a marginal increase as the
system progresses towards 2013/14, mainly due to steady demand growth in the area.

The system transfer begins to reduce from 2013/14 due to new generation openings in the south coast area. The probabilistic range of transfers
sits below planned and required transfers in the early years due to an assumed output from normally non-contributory generation.

Boundary 11: NGET North East and Yorkshire
Figure 8.B11
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Figure 2.B811 Boundary Transhers and Capability
Boundary 11; Maorth East & Yorkshire
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Figure 8-T11 - Bourelany 811 Demand and Genaration (ki)
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The SYS transfer across the boundary increases year on year for the entire SYS period due to the connection of new generation north of the

boundary. The SYS capability is below the SYS required transfer from 2009/10, suggesting that additional reinforcements beyond those
currently planned are needed to meet SYS required capability.

Boundary 12: NGET South & South West
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Figure 8.B12
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Figure 8.812 Boundary Transfers and Capability
Boundary 12; South & South YWest
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Figure 8:T12 - Bourwlary B12 Damand and Genaration (kv
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Being a boundary with north to south power flows the addition of new generation in the south acts to reduce to planned and required transfers.
The boundary capability does reduce over the SYS period but it does not go below the required transfer keeping compliance.

With the possibility of the future new generation delaying or withdrawing the probabilistic range of transfers is raised above the planned and
required transfers and shows a wide band of possible transfers. The capabilities decrease into the lower part of the probabilistic range
suggesting future reinforcements may be necessary.

Boundary 13: NGET South West

Figure 8.B13

Click to load a larger version of Figure8.B13 image

Figure 8B13 Boundary Transfers and Capahility
Boundary 13 South West
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Figure 8T13 - Bourstery 513 Demand and Genaration (ki)

BOUNDARY 200910 2010111 [2041/192 | 204243 | 209314 |2014M5 |2046116
EB13E|SOUTHWEST ([EXPORT)

EREeCtive Ceneration 1773 1TaT 1714 ITH 1B96| 2496| 457

Dermard JE3E| 3676| 36B4|  ZETD|  JEAD) 203 2TOY)

Flanred Transfer -E92|  -529) 9%9)  -086|  -994]  -2OB) 211
E13] [SOUTHWEST (IMPORT)

Effeciive Grnsration 1573 DAT3R| Se034l ST G081 SAESY|  EOME)

Dermars SBEAR| ETRI0| GEORS| SETES| £0M07| EOESE| A0SV

Flanred Transier Bz ek} 92 k| 4 208 1

SYS transfer remains relatively unchanged until 2013/14 when it decreases for the remainder of the SYS period due to significant new
generation. The spread of likely transfers between 09/10 and 11/12 is narrow, which is representative of the lack of proposed generation in the

boundary for that period. The probabilistic transfer then widens out reflecting uncertainties associated with possible new generation and station
closures within the boundary.

SYS capability exceeds the SYS transfer and SYS required capability for the whole SYS period but given the boundary transfer is not very large
a single large connection could change that situation.

Boundary 14: NGET London
Figure 8.B14
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Figure §B14 Boundary Transfers and Capability
Baundary 14: London
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Figure 8-T14 - Bouratary B 14 Demand and Genaration [hiv
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London imports a significant proportion of its demand with very little local generation. The spread of likely transfers for B14 is narrow due to the
high level of demand and the relatively low volatility and volume of generation in the boundary. The planned and required transfers increase
slightly over the SYS period as a result of demand growth in the London region.

The SYS capability looks particularly poor against the planned and required transfers however the SYS background is particularly onerous with
exporting power to the continent drawing power through London overloading the northern London circuits and depressing voltages. The
probabilistic transfers are somewhat less onerous however the capabilities are still below the required capability indicating a requirement for
additional reinforcements.

Boundary 15: NGET Thames Estuary

Figure 8.B15

Click to load a larger version of Figure8.B15 image
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Figure 8.815 Boundary Transfers and Capabilty
Boundary 15: Thames Estuary
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Figure 8:T15 - Bouretary B15 Demend and Gengration (k)
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The Thames Estuary transfers are heavily dependant on the assumed flows on the continental interconnectors. With the high plant margin in the
SYS background the interconnectors are expected to mostly export to the continent which massively reduces the exports from the Thames

Estuary towards London. The boundary has to manage when the interconnectors wish to import from the continent so the boundary transfer can
increase to more than 6GW.

The probabilistic range demonstrates the wide variation that can be seen across this boundary.
Boundary 16: NGET North East, Trent & Yorkshire
Figure 8.B16
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Figure 8.B16 Boundary Transfers and Capahbiity
Boundary 16: Morth East, Trent & Yorkshire
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Flgure 8T16 - Bouratary B 16 Demand and Genaration (v
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New generation openings and a steady demand growth typify this boundary. The boundary shows insufficient transmission capability and
remains below the planned system transfer from 2011/12 throughout the SYS period to 2015/16. The probabilistic range and SYS transfer for
this boundary increases progressively over the SYS period.
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In order to satisfy boundary compliance significant reinforcements in this area will be required in order facilitate higher flows.
Boundary 17: NGET West Midlands
Figure 8.B17

Click to load a larger version of Figure8.B17 image

Figure 8.B17 Boundary Transfers and Capability
Baundary 17: West Midlancs
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Figure 8-T17 - Bourmlary B17 Demand and Genaration (ki)
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The West Midlands imports a significant share of its demand during this SYS period as well as supporting the bulk North to South power flows
on the transmission system. The transfer drops a little in 2011/12 from new generation connections in this importing area. The transfer then
increases gradually until 2014/15, largely because of the increasing North to South power flows.

The boundary capability is higher than the requirement determined by the SYS background throughout the whole period.

Indicative Reinforcements for licence compliance

The list of reinforcement schemes presented in Table 8.2 provides an indication of those reinforcements that may be required to ensure

continued compliance with the Licence Standard across the 17 major SYS boundaries at the time of peak for the given SYS background, i.e. to
remedy capability deficits.

These indicative schemes would be additional to the currently planned transmission reinforcements listed in Table 6.2, and which already form
part of the SYS background.

The additional schemes would be required, not only for compliance across the 17 SYS boundaries (‘inter-zonal’ reinforcements), but also for
compliance across a number of boundaries internal to the zones delineated by the 17 SYS boundaries (‘intra-zonal’ reinforcements). The
developments listed are those required for the specific SYS background. The additional indicative schemes would be varied to meet the
changing needs of the system as it evolves.

Once the need for a particular reinforcement is established the detailed specification will be considered. By way of example, for reactive
compensation pl