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Executive Summary

National Grid Electricity Transmission (NGET) is the National Electricity Transmission System
Operator (NETSO) for England, Scotland, Wales and Offshore, defined hereon in as National
Grid for simplicity.

Under the Transmission Licence, National Grid is obliged to perform Balancing Services
Activities (BSA), which are defined as the operation of the transmission system and the
procurement and use of Balancing Services required for reliable operation of the transmission
system.

National Grid is obligated under the terms of the Transmission Licence to balance the system in
a safe, efficient, economic and co-ordinated manner. The application of financial incentives
encourages National Grid to invest in systems and resources to ensure BSA costs and risks are
economically and efficiently managed and that innovative ideas and procedures are developed
to reduce costs in return for a share of any savings delivered.

The Balancing Services Incentive Scheme (BSIS) is designed to deliver financial benefits to the
industry and consumers from reductions in the costs or minimising risk associated with
operating the electricity transmission network. The current format of the BSIS has been in
place since NETA implementation in 2001.

On 13 November 2009, Ofgem formally requested National Grid to provide our best estimate of
constraint costs for 2011/12 to help form a view on the appropriateness of a two year incentive
scheme.

This document provides a response to this request, outlining the our best view at this time of
the forecast constraint costs for 2011/12 with the information currently available to us. In
addition, the report outlines the methodology used in developing this forecast and the main
risks associated with the assumptions used.

The aim of the document is to present and seek views from Ofgem and the industry on the
assumptions made in producing the 2011/12 constraint forecast and how this may impact the
development of a two year incentive scheme.

This report forms an addendum to the Initial Proposals consultation. However, due to the
responses to the Initial Proposals consultation being requested for Wednesday 16 December
2009, it is not feasible to request responses to this addendum in the same timescales.
Therefore we request that responses to this addendum are submitted at the later date of 22
December 2009.

Responses to this consultation will be used by Ofgem to inform the development of their Final
Proposals for SO incentives for implementation from April 2010. These should be available in
early 2010. Any responses received will be placed on our website (unless explicitly requested
not to) and sent in full to Ofgem.
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Executive Summary

The main points of the document are:
e We used a revised forecast methodology to determine the constraint costs for 2011/12

We provide an overview of potential methods of reducing the risk range for constraints
and how this may impact on the development of an incentive

We conclude that with the appropriate designed incentive, a two year, fully bundled
scheme could be implemented in April 2010

This 2011/12 central forecast is £498m with a forecast a risk range of £371m to £674m
or -25% to +35%. This risk range is higher than 2010/11 risk range due to the greater
forecasting uncertainties in 2011/12

The constraint forecast summary is:

Forecast 2010/11 2011/12

|England and Wales £187m £133m

Scotland £290m £366m

Total Constraints £477m £498m

e The industry are requested to respond on the following question:

Does the industry agree with the:
- development of a two year incentive that includes constraint costs?
- the proposed constraint adjusters be developed?
- the development of a fully bundled incentive scheme?

Responses to this consultation should be sent to
soincentives@uk.ngrid.com
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1 Introduction

In our Initial Proposals, we provided a constraint forecast for 2010/11 of £477m. Due
to the uncertainties highlighted within the consultation with developing a longer term
constraints forecast, we did not provide a constraint forecast for 2011/12.

On the 13 November 2009, Ofgem' formally requested National Grid to provide a
best estimate forecast for constraints for 2011/12 to help industry participants to form
a view on the appropriateness of a two year electricity incentive.

This report shows the methodology used to develop the constraints forecast for
2011/12 and our best estimates of the forecast constraint costs.

As part of the development of the forecast, we also discuss the implementation of
appropriate constraint cost adjustments. These adjustments aim to reduce the
impact of changes in constraint cost drivers from the outturn costs, therefore
reducing the risk range but not the absolute cost forecast.

With appropriate incentive parameters, and the development of adjustments, we
believe that a two year fully bundled incentive scheme can be implemented.

2 2011/12 Constraints Forecasting Methodology

The following section describes how the 2011/12 constraint forecast was derived.
The process recently undertaken to derive the 2010/11 constraint forecast is
described first so that the differences between the two processes can be understood.

The process for the development the 2010/11 constraint forecast within England and
Wales was based upon National Grid’s capital investment and outage planning
processes. The key milestone in the outage planning process is the commencement
of outage placement in engineering week 10 (March 2009 in the case of the 2010/11
plan year). At this stage all of the known outages that are required during the plan
year for construction and maintenance should have been identified. These are then
placed (with start and end dates) into an overall system wide outage plan. The
creation of this plan takes account of factors including external contractual
obligations, scheme delivery milestones, maintenance requirements, resources,
system security and system cost.

To ensure the initial outage placement can be carried out it is important that the
capital schemes have been sanctioned and that detailed design work has
commenced to ensure that the specific requirements of the work can be reflected in
the outage plan. An example of the specific requirements that need to be considered
for an asset replacement scheme would be where additional outages are required on
adjacent equipment to ensure safe access to replace the transmission equipment.

'http://www.ofgem.gov.uk/Markets/WhIMkts/EffSystemOps/SystOplncent/Documents 1/Inform
ation%20Provision%20for%20System%200perator%20Incentive%20Scheme.pdf



Following the completion of outage placement and the creation of the year ahead
outage plan, detailed network analysis studies are undertaken to optimise system
security and costs. These studies in turn are used to identify transmission system
constraints and volumes that feed into the BSIS constraint forecast.

The outage planning process in Scotland is defined in the appropriate STC?
Procedure and is aligned with the England and Wales process.
The costing process considers a constraint ‘resolution’ price, which reflects

e Market conditions at the time actions were required to manage the constraint
The volume of actions required
The probability that a constraint limit will be require actions to be taken
What actions are required/available to manage system flows

Separate models have been developed for specific boundaries in England and Wales
and in Scotland.

The Scotland model was developed to forecast costs for 2009/10 and further
developed for the 2010/11 forecast. The model is based on the most significant
boundaries on the Scottish system and the location of generation and demand
relative to these boundaries. Constraint limits for these boundaries, from power
system analysis, are input to the constraint forecast model. The predicted running of
generation is based on the running patterns seen since BETTA go-live up to the end
of the 2008/9 BSIS year with a Monte Carlo simulation utilised to produce the
variation around this and test the impact of different patterns. This is further
combined with OC2® data submissions and forecast demand to produce an
expected flow across each boundary at daily resolution. Where this predicted transfer
is in excess of the constraint limit, the model costs the actions required, taking
account of intertrip schemes and where a single action may act to resolve multiple
constraints.

This type of model is not suitable for forecasting costs of constraints in England and
Wales, due to the interaction of and complexity of constraint limits. For most outages
in England and Wales, a volume of actions required to manage the constraint is
prescribed from power system analysis work and operational experience. A risk
factor to capture the probability of needing to take actions to manage a constraint is
applied. The risk factor considers generation availability as given in OC2 data,
predicted running patterns based on historical running regimes and the direction of
flows expected on the IFA*.

Where it has been identified that an outage is likely to result in significant constraint
costs, additional modelling is carried out (e.g. for the Thames Estuary). Power
system analysis provides a constraint limit, calculated against a set generation
background. This chosen generation background will not be constant for the duration
of the outage and the volume of constraint actions required will vary as the
generation background changes. The model uses Monte Carlo simulations (from
@Risk) to predict expected generation running at weekly resolution. Changes
between this generation pattern and the generation pattern in the power system
study are assessed and translated into a change to the prescribed constraint volume,

% System Operator — Transmission Owner Code

% OC2 refers to the “Operating Code” section of the Grid Code which covers the requirements
for generation to provide this information to the System Operator.

* The Anglo-French interconnector



considering the circuit loading, circuit rating schedule and the effect of individual
generators on the loading of the critical circuit.

Models of this form, specific to a single system issue and dependent on detailed
power system analysis, have been used to forecast costs for Thames Estuary and
Grendon — Staythorpe for 2010/11.

The process for the development of the 2011/12 constraint forecast has taken place
considerably in advance of our normal process. The main differences associated
with the availability of outage requirements at this early stage include:

e Uncertainty about the new capital schemes that will commence in 2011/12,
for example due to customer driven connection work where user commitment
is left as late as possible or consents which may be delayed

e Those capital schemes due to commence in 2011/12 that have not been
developed sufficiently to provide accurate outage programmes

e Uncertainty about the maintenance outage requirements for rectification of
defects and other conditioned based maintenance

e Uncertainty on generator availability meaning that outages can not be placed
with certainty. This also affects the volume of the constraint forecast for the
associated outages

The process adopted to produce an England and Wales 2011/12 BSIS constraint
forecast was determined primarily by the uncertainty around the overall construction
and maintenance outage requirements and the timescales to complete the work. The
core of the process was the use of an ‘expert group’ who used their judgement in
those areas where there was uncertainty and insufficient time to complete detailed
technical analysis.

The input to the process was the best information available at that time about the
capital schemes that would be in delivery during 2011/12. Outage plans were
available for many of these schemes with varying levels of accuracy. Where outage
plans were not available, the extent of the work required to deliver the specified
outage were estimated by the ‘expert group’. The ‘expert group’ allocated these
outages, where appropriate, to the major transmission system boundaries and
estimated the resulting constraint limits.

A total of 345 Main Interconnected Transmission System (MITS) circuit outage-
weeks were identified through this exercise. This compares with 887 MITS circuit-
weeks for construction work identified within the more normal 2010/11 process. The
other main differences associated with the outage placement and network analysis
compared to our normal processes include:

e The outages were not placed (start and end dates) within an overall outage
plan. The assessment of Transmission constraints was therefore made
primarily by considering each of the major system boundaries in isolation. It
was not possible to assess the wider system interactions beyond these local
boundaries.

¢ No network analysis studies were undertaken to assess the transmission
system boundary limits and therefore constraint volumes.

The outage planning process in Scotland is defined in the STCP 11 and there is no
obligation for the Scottish TOs to provide detailed outage information beyond the
year ahead process. However, the Scottish TOs have provided outage information
for major construction schemes with long term investment purposes. In addition
National Grid requested whether any further information could be made available and



this was provided by the Scottish TOs where possible. This outage information was
used as the basis for forecasting Scottish Transmission constraints using a similar
process to the one that has been described for England and Wales above.

The model used for constraint costs in Scotland was adapted for the 2011/12
forecast. The constraint limits determined by the ‘expert’ group were input to the
model, new generators added and the OC2 data updated to reflect submissions for
2011/12. A range was added to each boundary limit to reflect the additional
uncertainty in the limit. The model operation was otherwise unchanged from use with
the 2010/11 forecast.

Detailed models focusing on specific issues were not produced for England and
Wales. Given the level of uncertainty in the outages and constraint volumes, and the
time required to set up the assessments, power system analysis has not completed
for 2011/12 plan and thus detailed models could not be developed.

The approach of applying a risk factor of actions being required to the volumes
estimated by the ‘expert’ group was extended for use with all outages in England and
Wales. As for 2010/11, historic running patterns of generation, OC2 data and
predicted flows on the IFA and Britned were used to determine the probability of
actions being required.

3 Assumptions used to develop the Constraints forecast for 2011/12

As discussed in the mini consultation on Constraints and the Initial Proposals
document, constraint costs are driven by

e The volume of actions required
e The price of those actions

The volume of actions required to manage a constraint is dependant on

Generation

Demand

Direction and volume of flows on interconnectors
System capacity

System to Generation intertrip schemes

The price of the actions is dependant on

e The price of the action required to resolve the constraint
The price of replacement action to rebalance the energy position

e Price of margin actions required to replace margin sterilised behind the
constraint

To develop a constraint forecast, we need to develop both volume and price
assumptions. In developing the 2011/12 constraint cost forecast, we used the
following methodology to develop our assumptions.



3.1 Volume assumptions:
3.1.1 Generation:
Conventional Flexible plant:

To develop the conventional coal and gas fired generation background, the following
was used:
e Generation availability as shown in the OC2 data submissions
e Historic running patterns since January 2008 have been used to predict
running regimes of generation in England and Wales.
Data since BETTA Go-live has been used for Scotland®
e Commissioning dates for new generation®.

3.1.1.1 Nuclear Availability:

As discussed in the initial proposals, improved availability from nuclear generation is
expected to continue as seen in recent months following significant refurbishment
outages during 2008. When preparing the constraint forecasts, this means that raw
OC2 data submissions are used for nuclear generation without application of an
availability assumption.

3.1.1.2 Wind Generation:

The Scottish constraints forecast has assumed that 100MW’ of wind will connect
each month in Scotland. This assumption has been derived from the TEC register
and thus includes advanced projects under the Interim Connect and Manage (ICM)
regime. The exact dates for the connection of wind farms under ICMR are at present
still uncertain and hence have not been used in the described forecasts.

Prices to reduce the output of wind generation are assumed to be -£450MWh, as for
the 2010/11 forecast.

3.1.1.3 Demand:
The demand forecast used in the constraints forecast is from the same data set used

in the Energy Forecasting model. The assumptions used are as described in the
Initial Proposals document.

®2009/10 data has not been used due to the high volume of contracts that influenced
generation output. The volume of contracts in place in 2009/10 has been more significant
than in previous years. Thus using outturn data for 09/10 would incorrectly lower the output of
generation located in Scotland.

Where no other information is available, this is based on Connection dates. Where
possible, more detailed information is provided from National Grid’s customer connection
team.

" The Energy forecast for 2011/12 assumes 200MW of wind generation will connect across
GB, 100MW of which is in Scotland and the remainder in England and Wales.



3.1.1.4 Direction and Volume of flows on interconnectors:
IFA (England to France):

The forecast for flows on the IFA (England — France) is based on the current forward
power price spreads between the French and the UK energy markets.

Price spreads for traded peaks (07:00 to 19:00) between France and the UK indicate
that significant volume of power will flow to France from UK on the IFA over the
summer. The forecast assumes a 90% chance of at least a 1500MW export to
France over the summer. Exports to France of 2000MW are expected over the
winter. Power is expected to flow from France to the UK over night.

Britned (England to Holland):

Britned is due to commission in early 2011. Price spreads between Holland and the
UK indicate that this interconnector will export over the peaks.

Flows during commissioning may not follow market signals. It is assumed that during
2011 and 2012, Britned flows will follow market dynamics.

Moyle:

Historically the spread in prices between the Single Electricity Market (SEM) and the
UK market has not served as an indicator of power flow on the Moyle (Scotland —
Northern Ireland) interconnector. Monte Carlo simulations, based on historic flows,
are used to predict flows.

Wheeling of Power

It is possible that on commissioning Britned the ‘wheeling’ of power through the UK
system from Holland to France could occur e.g. Britned importing power onto the UK
system and the French interconnector exporting power to France. Such an event will
cause a number of transmission system issues in the southeast of England.

However, recent studies of the interconnector price spreads have indicated that no
such wheeling will occur. Hence, for the purposes of the 2011/12 constraints
forecasts, it has been assumed that no wheeling will occur.

3.1.1.5 System Capacity:

The 2010/11 forecast is based on an outage programme submitted by Transmission
Owners and power system analysis. Detailed models have been developed for
boundaries where high costs are associated (e.g. Scotland, Thames Estuary).

A detailed outage programme is not available for 2011/12 at this stage and as such,
different assumptions have been used to develop a forecast of constraint limits and
actions required to manage system flows.

The 2011/12 forecast is based on:
e [ndicative outages on key system boundaries that are required to deliver
capital schemes such as new connections and asset replacement
o For England and Wales, these outages are based on the best
information known at the time of the forecast
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o For Scotland, SP and SHETL have submitted provisional outage
programmes

This outage plan was used to develop the costs associated with constraint incurred
due to the indicative outage pattern required to deliver the capital plan.

The outage plan used to develop the forecast for England and Wales does not
include any maintenance outage requirements. Maintenance outages are not
included in the plan until the capital plan outages are placed. As the capital plan
outages have not as yet been formally placed, no maintenance plan has been
agreed. Therefore, to accommodate the potential constraint costs incurred by taking
maintenance outages, the forecast costs developed using the capital plan outages
was increased by 10% to include some provision for these unknown maintenance
outages.

For Scotland, Scottish Power Transmission provided indicative volumes of
maintenance work to be completed in 2011/12, providing a view of the circuits that
required work and an estimation of the duration of outages to complete the work. No
dates for these outages are currently available.

SHETL highlighted that they do not have their maintenance plans developed for
2011/12 at this stage. The volume of work required is such that all opportunities to
access circuits would be taken to complete the necessary maintenance.

All maintenance outages have been assumed to be taken at times where they nest
with outages required for capital works or where a boundary has ‘space’ to place
such outages. Thus, the duration of active boundary limits in Scotland was extended
to account for additional outages required on boundaries. Where there was no
available slot on a boundary for maintenance constraint limits due to capital schemes
tightened. This effectively models optimal placement of maintenance outages.

The expected constraint limits incurred due to this outage pattern and associated
volumes of actions required have been identified. This was done without completing
any power system analysis. The resource to complete the required power system
studies was not available within the timescales. Equally, the system model is not
available for the 2011/12 at this time. The constraint limits were determined by a
group of experienced outage planners and based on operational experience of
transmission system operation.

A more detailed discussion on impact of some key capital schemes is available in
Appendix B.

3.1.1.6 Fault Outages:

The forecast costs for constraints in 2011/12 do not include any provision for the
impact of fault outages at this time.

3.1.1.7 System to Generator intertrips schemes:

The forecast assumes that a system to generation tripping scheme is used as a post
fault action where the required equipment is in place and where it would be economic
to use such a scheme.

The forecast assumes that CAP170 is not in place.

11



Contract terms and prices for arming fees for all intertrip schemes assumed are not
in place yet. The forecast used indicative prices, based on contracts in place
currently and on discussions ongoing with providers. The forecast does not include
any provision for fees paid in the event of a system to generation tripping scheme
firing.

3.2 Price Assumptions

As discussed in the initial proposals consultation, the cost of a constraint is made up
of the price of actions to resolve the constraint, the price of actions to rebalance the
energy position and the cost of replacing margin. The price of actions to resolve a
constraint is derived by the same method as for 2010/11.

Generic bid and offer prices are taken from the energy and margin models developed
for the Energy Components forecast for 2011/12. The energy forecast model also
gives a view of when the market will be long or short so resolution prices reflect if the
action to resolve the constraint acts in the direction of the market or against,
capturing the impact of bidding off generation when the market is short in the
constraint forecast. Historic trends used to scale back the bid price for constraining
off plant received from the forecast GBs bids are currently based on the same data
set® as used to scale bids for 2010/11.

Reducing the output of conventional generation provides a more economic
alternative to reducing the output of wind generation when balancing the
transmission system. The price assumed in the constraint forecasting to reduce the
output of a wind generator is -£450/MWh. This assumption is unchanged from that
used for 2010/11 costs.

® This data set will be updated with additional outturn data as part of the Reforecast of
constraint costs for 2010/11

12



4 Constraints Forecast for 2011/12
4.1 England and Wales:

The cost of resolving constraints in England and Wales in 2010/11 is forecast at
£133m, with an expected (mean) value of £150m and 80% probability of being
between £97m and £210m. The difference between central view and expected mean
reflects the asymmetric nature of the forecast range.

The volume of work to be completed is similar to that planned for 2010/11, which was
an increase on the amount planned for 2009/10.

The reinforcement of the North to Midlands boundary® continues from 2009 into
2011/12. Up rating the transfer capacity of this boundary has required outages on
Grendon — Staythorpe in 2009/10 and 2010/11. Outages on two equally significant
circuits (Cottam — Staythorpe and Grendon — West Burton) on the boundary are
required in 2010/11 and 2011/12. Constraints associated with these outages in
2011/12 are forecast to be £47m.

Outages required for Transmission Investment for Renewable Generation (TIRG)
works are planned for the North East for England. There is currently no cost forecast
for these works as they result in a limitation on imports. Imports are not forecast due
to historic running patterns and market conditions.

New generation connections in the North West, East Anglia, Wales and in the
Thames Estuary contribute to the outage requirements for 2011/12.

Outages are required for Off Shore wind connections in the North West. Based on
availability of generation in the area as shown in OC2 data submissions, £4m is
forecast to manage known issues in the area. The impact of increased transfers from
Scotland, due to the reinforcement of the Cheviot boundary, on flows in the North
West is not yet fully understood. More detailed study work is required to ascertain if
there are local issues which will incur constraint costs,

Off shore wind connections has also led to a requirement to increase the rating of a
double circuit route in East Anglia. Each of the Norwich — Walpole circuits will be
taken out of service in turn and the overhead line replaced. The rating of the new
overhead line is expected to be more than double that of the existing conductor. A
significant volume of constraint actions are expected for the outage on the first circuit.
The rating of the circuit when it returns to service is such that no constraint volumes
are expected for the second outage. £24m is forecast to manage this boundary.

The 2011/12 programme for Thames Estuary is very busy with a major circuit out of
service across the outage season. The Littlebrook — Tilbury outage work, started in
2010/11, continues for the eight weeks of 2011/12. Work then starts to connect the
Quadrature boosters at Kemsley, required as part of the reinforcement strategy for
this area of the transmission system. While the outages are as onerous as those in
the 2010/11 plan, the time of year when the work is planned and expected imports on
the IFA mean that the costs associated are significantly reduced. Also, the most
significant outages are planned to take place at the same time as those on the Flow

® North to Midlands boundary upgrade, East Anglia and Thames Estuary are discussed in
more detail in Appendix B
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South boundary, thus a single action is assumed to alleviate multiple constraints.
Approximately £26m is forecast to manage constraint costs in this area.

There is a significant amount of refurbishment of circuit breakers and overhead lines
required during 2010/11. Much of the outages required are on the Lower Flow South
system boundary. Actions required to manage constraints due to the North to
Midlands upgrade are assumed to alleviate constraints on the Lower Flow South
boundary. An additional £7m is forecast to manage specific issues.
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Figure 1: Risk range for 2011/12 constraints forecast for England and Wales

Changes from 2010/11:

1.

There is no outage pattern currently planned which has an impact on system
flows and constraint costs comparable to the outages in the Thames Estuary
in 2010/11. Costs in the Thames Estuary are forecast to reduce by
approximately £75m.

The work required in the East Anglia area for off shore wind connections
incurs a significant volume of constraint actions. Outages of this length have
not been taken previously in this area. This is an area where the forecast
would benefit from detailed power system analysis and in depth modelling, as
was completed for Grendon — Staythorpe costs for 2010/11.

The increase in constraint resolution price, due to changes in prices for
margin, power and trades on the IFA, results in a change to the forecast of
£9m, approximately an increase of 7%.

Time of year when outages are planned is key to the reduction in the

constraint forecast. As the most significant boundaries are expected to be
active at the same time, an action to resolve issues on one boundary will act

14



to alleviate issues on another. The volume of work required in the Thames
Estuary in 2010/11 was such that outages were required over the winter

4.2 Scotland

The costs of constraining units behind the derogated non-compliant Cheviot
boundary (between Scotland and England) are currently forecast for 2011/12 at
£145m, of which £103m is for intertrip utilisation. The costs of resolving constraint
within Scotland are currently forecast for 2011/12 at £221m.

The power flows within the Scottish system are primarily from North to South, flowing
into England via two 400kV double circuits, the Cheviot'® boundary. The constraint
limit across this boundary can be due to both thermal and stability issues. Generation
to system intertrip schemes and contracts with generation units, in addition to actions
in the BM, are used to resolve this constraint boundary. Work to reinforce this
boundary has been in progress for a number of years.

During 2010/11, work is planned on the Eccles — Stella West route to increase the
rating of the circuit. The new rating has not yet been confirmed and as such, the
increase in transfer capability after these works are completed is uncertain. However,
as the Cheviot transfer limit increases, boundary transfers internal to Scotland,
become the binding limit.

During 2011/12 there are 25 weeks of outages planned on the Cheviot boundary.
Towards the end of the outage season, a second 400/275kV interbus transformer is
due to be commissioned at Strathaven. Nineteen weeks of outages are required at
Strathaven to connect and commission this transformer, which reduce the transfer
from Scotland which can be secured. The commissioning of the interbus transformer
is anticipated to increase an internal boundary limit and allow more generation across
the Cheviot boundary.

The outage programme in the north of Scotland is dominated by construction of the
Beauly — Denny overhead line and connection works for new wind generation.
Beauly — Denny works require outages at a number of substations in the North West.
A double circuit outage on the SSE N-S boundary is required for the connection of
new wind generation.

The outages required to complete work planned in 2011/12 has reduced the transfer
limits which can be secured on internal system boundaries. The volume of new wind
generator connecting in the North of Scotland has resulted in an increased number of
active internal constraint limits. Wind generation must be reduced to manage flows
across these boundaries.

The total cost of constraints in Scotland has a central forecast for 2011/12 of £366m,
with 80% probability of being between £274m and £464m. This wide range reflects
the uncertainty in the forecast.

'* This is also known as the B6 boundary
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Figure 2: Risk range for 2011/12 constraints forecast for Scotland

The increase in the forecast is predominately driven by an increase in the volume of
wind which must be restricted to secure system limits. This is caused by the
combination of reduced internal constraint limits, due to the outage programme used
in the forecast, and an increased volume of wind generation behind these
boundaries. This accounts for an increase of £111m to the forecast from 2010/11
forecast.

The forecast currently assumes a bid price of -£450/MWh to restrict the output of
wind generation. This is based on average bid prices for wind generation within the
BM. As the volume of wind generation increases, the level of market participant may
increase leading to wind generators submitting higher bid prices.

The forecast was updated using a bid price of -£150/MWh for wind generation to
assess the potential reduction in costs possible with greater participation from wind
generators. This reduced the forecast by £76m, all of which was part of the internal
costs rather than Cheviot costs.



5 Drivers of increased range in forecast

The range of the forecast for constraints for 2010/11 is +22% and -20%. This range
stretches to -25% and +35% for 2011/12.

5.1 Generation
5.1.1 Generation Availability from OC2:

The impact of the anticipated transmission outage plan for 2011/12 on the system
has been assessed against the generation background indicated by OC2 data
submissions for 2011/12. Generators are obliged to provide a forecast outage plan
as part of the Grid Code obligations (Operating Code 2).

The OC2 data submissions are updated on a weekly basis for outages planned for
the following 52 weeks. Submissions for the following year are updated periodically.
The generation outage data used in the forecast for 2011/12 is based on data
submissions from September for 2011 and June for 2012 while the updated forecast
for 2010/11 will be almost entirely based on data submitted the week the re-forecast
is finalised. This introduces additional uncertainty into the forecast.

Updating OC2 data submissions beyond 52 weeks ahead is a significant task for the
generators. Completing this update would not have allowed the December 11"
deadline to be met. Therefore we have used the latest available information that may
be less accurate.

5.1.2 New Conventional Generation:

Deciding the date at which new generators connecting to the system will begin
commercial operation is an element of constraint forecasting which carries with it a
high level of uncertainty at the year-ahead (2010-11) stage. This is because the lead
time from construction commencing to the plant being ready to start commissioning is
approximately 3 years for a CCGT (for 2011-12 the new conventional connections
which we are concerned with are all CCGTs). This means that two thirds of the
construction risk has been overcome and there is a reasonable level of certainty of
the commissioning date being met.

For the 2 year-ahead (2011-12) forecast, the new connections that are being
considered are only likely to be one third of the way through construction. This
means that there is much less certainty that commissioning dates will be met.

In general, these dates only move back rather than forward. Developing the
assumptions for connection dates at 2 — 3 years ahead with little additional
information would mean arbitrarily determining their energisation date. Looking back
at historic generation connection dates, there is no clear pattern followed with some
generators having major delays through construction whilst others have worked
much closer to their planned dates .

Therefore, we have assumed the submitted connection dates for each new generator
that plans to connect, where additional information is not available

5.1.3 Wind

An additional 200MW of wind is forecast to connect each month in 2011/12 with this
split equally between Scotland and England and Wales. New wind connections in
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England and Wales are not anticipated to significantly impact the constraint forecast.
This volume may increase or decrease, as more projects are granted connection
dates or as projects are delayed and cancelled.

The price of actions to reduce wind output is that used in the 2010/11 forecast and is
an approximation of the average bid prices for wind in the BM. Work continues to
increase the participation of wind generation in the BM. The level of participation of
new generation in the BM is also uncertain. The level of participation and bid prices
achieved in 2011/12 introduce a significant risk to the forecast; the impact of
differences in bid prices is also anticipated to increase as the volume of wind
increases. Achieving a higher bid price than -£450/MWh will reduce constraint costs.
As more wind connects behind active constraint boundaries, the effect of bid prices
achieved will become more pronounced.

5.1.4 Interim Connect and Manage

Under the Interim Connect and Manage regime, there is potential for significant
volumes of generation to connect in addition to the generation assumed in this
forecast. Generators on the TEC register are assumed in the development of the
forecast. A number of connection offers have been made which are dependent on
specific system boundaries being granted derogation from SQSS; these generators
are not considered by the forecast.

The assumption of 100MW of wind generation connecting per month in Scotland
accounts for some connection offers which have been advanced due to Interim
Connect and Manage. No other additional generation has been included in the
forecast.

The potential for generation to connect under this regime introduces a significant risk
over running patterns.

5.1.5 Risks to Forecast due to Nuclear Generation Availability

As discussed in the assumptions and the initial proposals, improved availability from
nuclear generation is expected to continue in 2011/12.

to the forecast for 2010/11 and also 2011/12. Given lead times for required
equipment and generator build times, there is more certainty in the volumes likely to
connect under IC&M in 2010/11 than in 2011/12.

5.1.6 Large Combustion Plant Directive:

The historical output of machines affected by LCPD has been used as an indication
of their future running patterns. For England and Wales, during the outage season
only, there are notable reductions in output post-LCPD implementation. This
reduction is therefore assumed to remain for 2011-12. This has the effect of causing
a continued requirement for extra machines to be dispatched in the South. However,
for the Estuary issue, reduced running of LCPD plant has lessened the requirement
slightly (compared to winter when running of LCPD affected plant is more likely).
Also, as the date for opted out plant to have ceased operation approaches, there is
less certainty

There are a number of outages expected where constraint volumes are heavily
dependant on specific nuclear generation. Thus any uncertainty regarding availability
reduces certainty in the forecast. While this risk is present in the 2010/11 forecast,
the volume of constraints affected in 2011/12 is greater due to the outage plan.
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5.1.7 Risk to Forecast due to Changes in Demand Forecast

The demand forecast used in the constraints forecast is from the same data set used
in the Energy Forecasting model. The assumptions used are as described in the
Initial Proposals document. The effect of changes in demand forecast on the costs of
constraint components is small when compared to changes in generation patterns
and thus represents a significantly lower risk than generation availability. .

5.1.8 Direction and volume of flows on interconnectors:

UK — European Spreads:

The volume and direction of flows on the IFA and Britned are forecast based on
forward power prices published in Argus. At the year-ahead (2010-11) stage, quoted
quarterly prices can be directly compared for each market for the outage season (Q1
2011 is not yet available).For 2011/12, seasonal products are quoted for the UK.
However only “Calendar Year” prices are available for France and Holland. A
comparable spread is therefore approximated.

The weight within each quarter for 2010/11 is calculated and the ratios used to derive
quarterly prices for comparison to UK prices. This makes an assumption that
quarterly breakdowns in the French and Dutch markets remain roughly constant each
year. This assumption is not required when forecasting at year-ahead.

The further a product is broken down (i.e. into Months and Quarters) the higher the
level of certainty that can be applied to its price. Therefore, closer to real time, the
Argus price gives a better indication of power flows on the interconnectors. Given the
impact that interconnector flows have on system flows and constraint volume and
costs, the risk around interconnector flows presents a significant risk of windfall gains
and losses.

Britned Commissioning:

Britned is due to commission in early 2011. Price spreads indicate that IFA and
BritNed will export together. As such, BritNed is expected to reduce constraints in the
Thames Estuary. Should BritNed fail to commission successfully and operate
reliably, the volume of constraints in the Thames Estuary would increase.

The dependence on the timely connection of a new facility at this lead time increases
the risk of the constraint forecast.

Wheeling of Power

Price spreads between UK and Holland and UK and France indicate that power on
both interconnectors will flow in the same direction (to or from the UK), thus no
wheeling of power through the GB transmission system has been assumed. It is
possible that RTE and TenneT will seek to wheel power through the UK to manage
constraints on interconnection between their transmission systems; however the
method by which they can achieve this is anticipated to be via SO — SO trades.
National Grid has mechanisms available to price such trades so that compensation
for the required action is obtained.
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Moyle:

Currently the Moyle interconnector (Northern Ireland — Scotland) has TEC of 80MW,
although it is technically capable of importing up to 400MW. Prior to the introduction
of Interim Connect and Manage TEC could not be increased prior to wider
reinforcements being completed, however this is now a possibility. Increased imports
from Northern Ireland will have the same effect of another new generator, increasing
the volume of constraint actions required.

5.1.9 System Capacity:

System capacity is reduced due to outages required for new connections, system
reinforcement asset replacement, maintenance and fault outages. There are also a
number of intact system restrictions e.g. boundaries on which constraints can occur
with all circuits in service.

The outage plan used in the development of the 2011/12 forecast has been based on
the best information on capital scheme requirements provided by TOs. As mentioned
previously, some of the TOs were able to provide indicative maintenance plans.
Where these were not provided, an assumption of the likely impact of these unknown
maintenance outages on constraint costs was made.

Capital works — new connections and asset replacement

The plan for capital schemes due to be delivered in England and Wales in 2011/12 is
reasonably well established. However, the details of some schemes are not fully
known at this stage and changes are expected as detailed design work is completed.
The phase of development of each scheme is key to the level of confidence in the
outage programme required.

Where a scheme is in the initial stage of development (internally described as IP1),
the scheme has not yet been developed for sanction. As such, no detailed design
work has been completed and outage requirements for the scheme will not have
been specified. The outage programme developed by the Year Ahead planning team
will not include any requirements for that scheme. As a scheme moves through
development stages (IP2 through to 1P4), requirements become better established.
Significant changes are still expected at the IP2 stage. Only at IP3, does the scheme
design and thus outage requirements become stable. Of the schemes to be
completed in England and Wales in 2011/12, 55% are at stages IP3, IP4 or In
Delivery (where work has already started or is due to commence in 2010/11).

For Scotland, SP have indicated they have a similar level of confidence in the capital
schemes driving their outage plan submitted for 2011/12. SHETL have less
confidence in their capital plan; one of the major uncertainties with the SHETL outage
plan is that it is dependant on the planning decision taken on construction of the
Beauly — Denny overhead line. The decision on whether the Beauly — Denny circuit
proceeds will drive the SHETL outage programme in 2011/12.

Some of the schemes currently planned for 2011/12 will not be completed; however
additional scheme work will replace them. The assumption throughout the process is
that in the event of a scheme being replaced by an alternative scheme, the impact of
outages required for both schemes on constraint costs is equal. Although this is a
reasonable assumption it is possible that the revised scheme will impact constraints
differently than the original scheme and therefore impact the constraint costs.
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Maintenance:

The outage programme is developed so that system access requirements for new
connections are given highest priority. Outages for asset replacement are overlaid on
this initial plan. Maintenance requirements are then placed optimally. Optimal
placement of maintenance outages does not guarantee that an outage will not incur
constraint costs, rather the risk and volume of costs is minimised where possible.
However, completion of maintenance works is not optional and although they are
generally more flexible, costs may be incurred for such works.

Given the uncertainty around capital outages requirements at this stage, no
maintenance outages have been placed for England and Wales. As we have no
view of specific maintenance requirements, the forecast costs for the capital works in
England and Wales have been scaled up by 10% to take account of maintenance
outages. The drivers (maintenance or construction) for outages in the 2010/11 plan
have been considered to inform assumptions on the volume of maintenance work
required in 2011/12. Outages for maintenance make up 30% of the programme for
2010/11; a similar percentage has been assumed for 2011/12. However,
maintenance costs are forecast to account for 10% of costs to reflect optimal
placement of maintenance outages.

Therefore the constraint costs are:
Overall constraint costs = (Capital scheme constraints costs) x (maintenance scaling
factor)

The approach used in Scotland differs slightly. SP indicated requirements in terms of
a number of weeks required on particular circuits; an assumption was made as to the
volume of work which SHETL would need to complete. Requirements were placed
considering where constraint limits due to capital works would not be made worse by
maintenance outages. The binding restriction may not be system access but rather
resources or equipment; as such optimal placement with respect to constraint costs
may not be possible. This will not be known until detailed assessment of the
maintenance requirements and work involved is known. As such, this introduces an
increased level of uncertainty into the forecast.

Absence of Power System Analysis:

As described above, no power system analysis has been completed; the forecast is
based on operational experience of within year and year ahead planners. This
uncertainty over constraint volumes increases the risk beyond that contained within
the 2010/11 forecast. Symmetric ranges have been applied to estimated constraint
limits to capture the possibility that volumes may be under or over forecast.

A volume of actions required has been estimated for outages in England and Wales.
Monte Carlo simulations have been used to vary these volumes and thus describe a
range on the forecast.

For Scotland, constraint limits were estimated for significant system boundaries.

Monte Carlo simulations have been used vary the limit by an amount proportional to
the size of the limit symmetrically.
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In addition to the risk on the limits prescribed, the full interaction between some
outages may not have been captured and system issues requiring additional actions
may become apparent when detailed analysis is carried out.

The timescales during which the forecast was prepared were not sufficient to
complete the level of system analysis required to develop a more robust forecast.
However, the data sets used in the power system studies are prepared as detailed
design work for schemes is completed. As such, data sets required for 2011/12 are
currently in the early stages of production.

Significant changes to Transmission System.

Some of the work planned for 2010/11 will dramatically alter the transmission system
configuration and capacity (e.g. Thames Estuary, completion of TIRG). As such,
there a number of areas of where there no operational experience can be drawn
upon to assess the impact of outages planned in that area, after completion of these
works. Equally, where the impact of works on the immediate area is relatively well
understood, interactions with other system boundaries are not yet fully understood;
power system analysis is required to ensure all associated issues are fully
understood.

As the impacts are not known, limits assumed in the forecast are potentially over
restrictive, resulting in forecast costs being too high. However, there is an equal risk
that volumes assumed in the forecast are optimistic and that the forecast costs are
lower than required.

5.1.10 Fault Outages:

As discussed in the Initial proposals (section 2.8.1.6) faults resulting in damage to
transmission system equipment required significant outages to allow safe return of
the equipment to service. The impact of these outages cannot be mitigated in the
same manner as planned outage. The forecast does not contain any provision for
the impact on fault outages on constraint costs.

In addition to the impact on constraint cost incurred within 2011/12, fault outages
may affect the volume of work completed during 2010/12. For example, a type fault
on a piece of equipment with a catastrophic failure mechanism may limit access to
the transmission system. This can potentially result in maintenance work and asset
replacement work planned for 2010/11 being pushed into 2011/12. This work may be
required in addition to works planned for 2011/12, increasing constraint costs or the
work may replace some other planned work, changing the system limits and affecting
the volume of constraint actions needed.

5.1.11 System to Generation Intertrip Scheme:

The assumptions made in the forecast concerning the use of system to generator
intertrip schemes are the same as those used in the forecast for 2011/12. Extending
the constraints forecast from 2010/11 to 2011/12 does not introduce any additional
risk to the forecast, beyond that inherent with a forecast for a single year.

5.2 Prices

The figure below illustrates the change in forward prices over time compared to the

outturn. The range has been developed comparing forward power prices and day
ahead price. As can be seen from the graph,
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e at 4 weeks ahead the ability to use forward power prices as an indication
of short-term prices sits within a range of around +30%/-25% of actual
prices

e at 16 weeks ahead (approximate time between of the year ahead ‘final
forecast’ and the start of the incentive scheme), the ability to use as
forward power prices is only +50% / -30%

e Beyond 40 weeks ahead, the range only increases further to +60% / -40%

Thus, while power price introduces a level of uncertainty to the forecast costs,
extending the forecast to a second year does not increase this level of uncertainty
significantly beyond that inherent with a forecast for a single year.
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Figure 3: Forward power price relationship with day ahead power prices
5.3 Market Modifications:

There are a number of market developments that will drive constraints costs, the
result of which are currently unknown. These are:

e CAP170" - Category 5 System to Generator Operational Intertripping
Scheme

e Locational BSU0S"

e P229" _ Introduction of a Seasonal Zonal Transmission Losses Scheme

" More information on CAP170 can be found at
http://www.nationalgrid.com/uk/Electricity/Codes/systemcode/amendments/currentamendmen

tproposals/
2 More information on Locational BSUoS can be found at

http://www.nationalgrid.com/uk/Electricity/Charges/modifications/uscmc/

'3 Information on the BSC mod P229 can be found at
http://www.elexon.co.uk/Changelmplementation/modificationprocess/modificationdocumentati
on/modProposalView.aspx?proplD=254
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P229 seeks to allocate transmission loss costs more appropriately across generators
and demand customers. An assessment of the impact of P229 indicates a change in
generation patterns. This change in generation pattern may be beneficial to
constraints.

The impact of these modifications would significantly impact constraint costs post
implementation. Due to the uncertain outcome of the implementation these
proposals, the potential impact has not been included in this forecast.

6 Incentive Development

This section describes additional electricity scheme options for the treatment of
different risk profiles within a fully bundled scheme.

6.1 Overview

In the preparation of the BSIS Initial Proposals', National Grid outlined its preferred
scheme option for implementation in April 2010. Specifically National Grid
highlighted its preference for an unbundled constraints incentive.

The industry and Ofgem have expressed some concern with the implementation of
unbundled incentive scheme. These concerns were mainly focused on the allocation
of balancing actions to specific cost categories e.g. an action that is taken to resolve
a constraint that also results in additional operating reserve.

National Grid recognises this concern and to address this, within section 4.5.1 of the
BSIS Initial Proposals, we suggested that a ‘Constraint Costing Methodology
Statement’ could be developed as a licence requirement similar to the requirement to
prepare and adhere to the Balancing Principles Statement (a requirement in section
C16 licence). To ensure consistency of outturn against target costs, the same
methodology would be used to determine the forecast constraint costs and the
outturn constraint costs.

One of the major factors in the decision to unbundle constraints from the other cost
components was the differential in the risk profile for the two proposed incentives.
The table below shows the forecast upper and lower cost ranges for both constraints
and the remaining balancing cost components for 2010/11 and 2011/12°.

' This document can be found at the following web address -
http://www.nationalgrid.com/NR/rdonlyres/519DEB34-5CCE-40D6-9980-
9DE23A41E666/38228/ElectricitySOIncentivesInitialProposalsConsultatio.pdf

™ National Grid has provided a constraint forecast for 2011/12 in response to Ofgem’s open
letter of 16™ November 2009 -

http://www.ofgem.gov.uk/Pages/Morelnformation.aspx ?file=Information%20Provision%20for
%20System%200perator%20Incentive%20Scheme.pdf&refer=Markets/WhIMkts/EffSystemO
ps/SystOplncent
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Figure 4: Risk profiles of constraint and energy components

The unbundling of constraints, with this unbundled scheme having lower sharing
factors and caps and collars than the remaining cost components, is one method of
addressing the differential in risk profiles. There are a number of other methods that
can be used to address the differential in risk profiles. One such method, as detailed
in the initial proposals, and one which has been adopted previously, is to reduce the
sharing factors and caps and collars for the overall bundled scheme, reducing the
impact of any changes in costs on the System Operator. However, this approach
can lead to a conservative approach to managing incentive costs.

Another method of addressing the differential in risk profile is the implementation of
suitable and appropriate cost adjustments. For example, the implementation the Net
Imbalance Adjustment (NIA) has lead to a reduction in the risk range of costs for all
components excluding constraints, resulting in a relatively narrow risk range,
indicating a more controllable cost base.

Within section 4 of the Constraints mini consultation'®, published on 9" September
2009, we considered a number of adjustments that could be used to reduce the
potential for windfall gains and losses that would ensure 