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The use of deterministic approaches, such as requiring a fixed capacity margin (ratio of installed
capacity to peak demand), cannot accurately capture the impact of random behaviour. In addition
LOLE calculations have the advantage of taking the following factors into account.

The load at every hour of the year is considered to have an influence on generation adequacy,
not just the hours of peak demand.

The number and relative sizes of generation units impact on the LOLE calculation. A large
number of small units will provide more security than a small number of large units, other
factors being equal. This is due to the fact that the probability of all units failing at once
decreases as the number of individual units increases.

2.3 APPLICATION OF METHODOLOGY

2.3(a) All-Island system studies

From 1 November 2007, the Single Electricity Market began trading, incorporating the whole island
power system. However until the second large-scale North-South transmission link is completed
(proposed for 2012), there is a transmission constraint between the two jurisdictions. This must be
taken into account when conducting adequacy calculations. In consultation with the CER it has been
agreed that a firm reliance of 200 MW on Northern Ireland can be assumed in adequacy assessments
until 2012. After that, with no transmission constraints, the All-Island system can be assessed as a
whole, i.e. allowing the complete generation portfolio to meet the combined load demand. This All-
Island assessment is carried out against an agreed All-Island security standard of 8 hours per year‘.

However, it is still prudent to conduct some studies which examine the consequences of a delay in the
second North-South high capacity transmission link. Under such circumstances the position reverts
back to a less beneficial 200 MW of reliance on Northern Ireland. This is reported in Section 5

2.3(b) Wind - a variable energy source

The inherently variable nature of wind power makes it necessary to analyse its adequacy impact
differently from that of other generation units. The contribution of wind power to generation adequacy
is referred to as the capacity credit of wind. This capacity credit has been determined by subtracting a
forecast of wind’s half hourly generated output from the customer electricity demand curve. The use of
this lower demand curve (net of wind output) results in an improved adequacy position. The amount of
conventional plant which leaves the system with the same improvement in adequacy as the net load
curve is taken to be the capacity credit of wind.
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Figure 2-2 Capacity credit of wind generation, based on 2006 RO data

Analysis based on 2006 wind data established that this capacity credit is reasonably significant at low
levels of wind penetration but the benefit tends towards saturation as wind penetration levels
increase, as illustrated in Figure 2-2. This is because there is a significant risk that a single source of

“ The adoption of an eight hour standard was proposed by both TSOs (EirGrid and SONI) and jointly agreed by the
Regulatory Authorities (CER and NIAUR) in July 2007.
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failure (i.e. very low or very high wind speeds across the country) will result in all wind farms producing
practically no output for a number of hours even allowing for geographic diversity. This has been
verified by monitoring the output from wind generation, at quarter hourly intervals, over a number of
years. In contrast, the forced outage probabilities for all thermal (and hydro) units are assumed to be
independent of each other. Therefore, the probability of all thermal and/or hydro units failing
simultaneously is infinitesimal when compared to the risk that wind power will be zero (or close to
zero).

2.3(c) Impact of the transmission system

Historically generation adequacy has been assessed without reference to any limits that might be
imposed by the bulk electricity transport system (the Transmission System). However, if the
transmission infrastructure in a region is insufficient to cope with the flows from generators at certain
times, then those generators might be curtailed to match the ability of the transmission lines. This
would mean that a generator’s output would be constrained.

Such a situation might occur if new generation plant were to connect before appropriate deep
reinforcement of the transmission system was possible. In this case, the contribution of the new
generation plant is reduced in the assessment of overall generation adequacy. Section 4.3 details the
transmission constraints applied in this Report.

EirGrid’s Transmission Forecast Statement® seeks to identify areas where additional capacity exists on
the transmission system, and thus where any new plant would not be constrained by transmission
limitations.

2.3(d) Pumped storage — a limited energy source

The pumped storage plant at Turlough Hill operates on a daily cycle, using electricity at night to pump
water from a lower to an upper reservoir. The potential energy stored as a result of this pumping
segment of the cycle is then released to generate electricity during high demand periods. The amount
of energy which can be produced during the generation segment of the pump storage cycle is largely
limited by the physical size of the reservoir. This places a limit on the amount of energy which can be
stored and then released in any 24 hour period.

Because of this energy limitation the adequacy assessment model (CREEP) does not utilise the full
installed capacity, 292 MW, of the pumped storage station for every hour of the day. An accurate
assessment of the contribution of pumped storage plant to generation adequacy is achieved by
constraining the probable output of the pumped storage plant to within the defined daily energy limit.

2.4 RANGE OF SCENARIOS ASSESSED

Due to uncertainties in the future, it is prudent to investigate the adequacy position for many different
scenarios. The different scenarios for which results are presented in Section 5 are divided into the
following categories:

Demand growth

Higher energy efficiency on the part of customers
Demand-side management

Plant availability

Deferred plant closure

Increased amounts of CHP plant

Transition to All-Island generation adequacy (due 2013)
Interconnection with the UK

2.5 HOW THE RESULTS ARE PRESENTED AND INTERPRETED

While the use of LOLE allows a sophisticated, repeatable and technically accurate assessment of
generation adequacy to be undertaken, understanding and interpreting the results may not be
completely intuitive. If, for example, in a sample year, the analysis shows that there is a loss of load
expectation of 16 hours, this does not mean that all customers will be without supply for 16 hours or
that if there is a supply shortage that it will last for 16 consecutive hours.

® Public document published by EirGrid, which documents the transmission system capability over a seven year
period
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It does mean that if the sample year could be replayed many times and each unique outcome averaged,
that demand could be expected to exceed supply for an annual average duration of 16 hours. If such
circumstances arose, typically only a small number of customers would be affected for a short period.
Normal practice would be to maintain supply to industry, and to use a rolling process to ensure that
any burden is spread.

In addition, results expressed in LOLE terms do not give an intuitive feel for the scale of the plant
shortage or surplus. This effect is accentuated by the fact that the relationship between LOLE and
plant shortage/surplus is highly non-linear. In other words it does not take twice as much plant to
return a system to the 8 hour standard from 24 hours LOLE as it would from 16 hours.

In the real-time operation of the power system a combination of events, such as very high coincident
scheduled and forced outages can occur, even though the statistical probability of such occurrences is
very small. This can lead to supply shortages during periods when the balance of probability would
have suggested a supply surplus.

On the other hand, a period for which there is a very high loss of load expectation can pass without
failure provided actual conditions are benign (i.e. “the dice fall kindly”). However, valuable
conclusions can be drawn from probabilistic analysis. For example, if LOLE is greater than standard
then a higher than acceptable risk of supply failure is indicated.

In order to assist understanding and interpretation of results, a further calculation is made which
indicates the amount of plant required to return the system to standard. This effectively translates the
gap between the LOLE projected for a given year and the standard into an equivalent plant capacity (in
MwW).

This is achieved by calculating the Peak Carrying Capability (PCC). PCC is an estimation of the level of
peak demand that a certain amount of plant could meet at the standard adequacy level. The PCC s
always less than the total installed capacity, because of scheduled or forced outages. The difference
between the PCC and the forecast peak for the year is an approximate indication of how far away from
the standard the system is:

if the PCC is greater than the peak, then the difference indicates how much surplus plant there
is;
if the PCC is less than the peak, then the difference is an approximate indication of the
additional plant capacity required to meet the adequacy standard.
This measure can only be an approximation, as the exact amount of plant required would depend on
the particular size and availability of any new plant to be added.

It should be noted that actual loss of load as a result of a supply shortage does not represent a
catastrophic failure of the power system®. In all probability such shortages (or loss of load) would not
result in widespread interruptions to customers. Rather, it would likely take the form of supply
outages to a small number of customers for a period in the order of an hour or two. This would be
done in a controlled fashion, to ensure that critical services are not affected.

2.6 DATA FREEZE

To enable the detailed analysis required to produce this report, data relating to the performance of the
Irish economy, generator capacity and availability was collected from various sources, and then
‘frozen’ on the 1 September 2007. Following this, the data was checked and confirmed before detailed
analysis and modelling commenced. All quantitative analysis, the results of which are presented in
this report, is based on data unchanged from this date.

However any changes that have come to EirGrid’s attention since that date have been noted in the
corresponding sections. The impacts of such changes are assessed in qualitative terms where
appropriate.

¢ In line with international practice, some risk of such supply shortages are accepted to avoid the unreasonably high
cost associated with reducing this risk to a negligible level.
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3 DEMAND FORECAST

3.1 INTRODUCTION

A forecast of how much electricity will be needed in the future is essential for determining generation
adequacy. This section describes EirGrid’s models for forecasting energy and peak electricity demand
in the Republic of Ireland. The types and sources of model input data, along with the actual values
utilised for this report are then presented.

Following the proposed completion of the second major transmission link to Northern Ireland in 20137,
generation adequacy studies can be carried out for the whole island as a single system without any
transmission constraints. Therefore, the demand forecasts from both jurisdictions are added together
to form a combined load for the years 2013-2014.

The accuracy of previous forecasts using this methodology is examined, and finally, information on
typical load shapes is presented.

3.2 THE ELECTRICITY FORECAST MODEL

3.2(a) Structure of the electricity forecast model
The energy forecast model is a linear model which divides electricity demand into two sectors, each
requiring different economic input:

growth in non-domestic electricity sales is related to growth in GDP?;

growth in domestic electricity sales is related to growth in PCGS®.
Relating the electricity demand of a country to its economic performance is a standard international
practice.

Three main electricity sales forecasts are produced for Ireland for the next seven years (high, median
and low). Over the transmission and distribution network, electrical losses are incurred and must be
accounted for. The electricity sales forecasts are therefore translated to the equivalent amount of
generation which must be supplied to the network in order to satisfy that level of sales. A combined
distribution and transmission system loss factor® is used for this translation.

Some large-scale industrial customers produce and consume electricity on site. This electricity
consumption (known as self-consumption) is not included in sales or transported across the network.
Consequently an estimate® of this quantity is added to the energy which must be exported by
generators to meet sales. The resultant energy is known as the Total Electricity Requirement (TER). As
all generation sources are considered in the analysis, it is this TER that is utilised for generation
adequacy calculations.

3.2(b) Training the electricity forecast model

The electricity model is trained using historical data. For the GAR 2008-2014, the most recent figures
were used — economic data from the Central Statistics Office (CSO) and demand data supplied by the
Distribution System Operator and ESB Public Electricity Supply.

” While this link may be in place prior to 2013, reliance is only placed upon it for Generation Adequacy purposes for
2013 onwards.

8 Gross Domestic Product is the total value of goods and services produced in the country.

° Personal Consumption of Goods and Services measures consumer spending on goods and services, including such
items as food, drink, cars, holidays, etc.

1 Based on analysis of historical production and sales figures, this loss factor is estimated to be 9.3%. This has
been reviewed, and though there is some evidence that these losses are decreasing, it is not strong enough yet to
merit changing from 9.3%.

11 Self-consumption represents approximately 2% of system demand. Therefore this estimation does not introduce
significant error.
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3.2(c) Forecasting causal inputs

In order for the trained energy model to make predictions, it needs a forecast of the causal inputs (GDP
and PCGS). These forecasts are provided by the Economic and Social Research Institute (ESRI) which
has expertise in modelling the Irish economy, while also taking account of the global economic
situation.

Normally the inputs for the electricity forecasting model are based on the latest Quarterly Economic
Commentary for the short to medium term outlook while the longer term perspective is taken from the
latest ESRI’s Medium Term Review (MTR). However the latest MTR was published at the end of 2005
when economic conditions were quite different. In light of recent changes in Irish economy, the ESRI
provided a more up to date forecast to EirGrid for the purpose of this report.

The ESRI also provided alternative scenarios of higher and lower than median growth. Compared with
last year, these boundaries are now tighter as the economic situation has become clearer. In fact, their
high growth forecast is so close to the median growth, that it makes very little difference to the
outcome of generation adequacy studies. Therefore, it was decided instead to introduce a higher case
(a pseudo-high), whereby the median growth scenario of GAR 2007-2013 was used to provide an upper
boundary to the studies. This scenario demonstrates the adequacy situation that would have occurred
if the economy had continued on the relatively high path that it was on a year ago. While the
probability of its occurring is low, it is prudent, for information purposes, to include it in the adequacy
investigations.

Figure 3-1 shows the median growth scenario for GDP, bounded by the low and high growth scenarios.
Similarly, Figure 3-2 shows the PCGS forecasts used. These economic forecasts are summarised in
Table 3-1.
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Figure 3-1 Forecast growth of GDP, as used in the electricity Figure 3-2 Forecast growth of PCGS, as used in the electricity

demand forecasting model demand forecasting model

High 4.7% 3.8%
Median 3.7% 3.2%
Low 3.2% 2.0%

Table 3-1 Average annual forecast values over 2007-2014, for GDP and PCGS

3.3 RESULTS OF ROI ELECTRICITY FORECAST

The Demand model forecasts the Electricity sales over the next seven years. These sales forecasts are
converted to TER. The forecast growths for TER are quite similar to those of sales, see Table 3-2. The
full TER forecast in GWh is detailed in APPENDIX 1.

High 3.7% 3.6%
Median 3.1% 3.1%
Low 2.6% 2.7%

Table 3-2 Average annual forecast values over 2007-2014, for electricity sales and TER
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3.4 ALL-ISLAND DEMAND 2013-2014

The Transmission System Operator in Northern Ireland, SONI, has provided a load forecast for Northern
Ireland in terms of TER, as a median scenario bounded by a high and a low growth case. EirGrid’s
forecast load for ROl is added to that of Northern Ireland in 2013-14, and the combined load is shown in
Figure 3-3. For generation adequacy studies, this load is examined with all of the Island’s generation
capacity in 2013 and 2014. All-Island demand figures for 2013 and 2014 are detailed in APPENDIX 1.
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Figure 3-3 TER forecasts, incorporating the SONI load in 2013 and 2014
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Figure 3-4 Historical and forecast values of demand per capita in the European Union. ‘EU-25’ refers to
an average of the current 25 members, while ‘EU-15’ refers to an average of the 15 EU member states
prior to 2004 enlargement.

As an objective check on the plausibility of the demand forecast, it is worthwhile to compare the
electricity demand per capita for Ireland with that of our European neighbours (see Figure 3-4). In the
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early nineties, Ireland was far behind the EU-25 average, but rapid economic growth has led to the gap
being now closed.

Using the median electricity consumption forecast (ROl only) and the population forecast from the
ESRI’s Medium Term Review, the consumption per capita for the Republic of Ireland is predicted into
the future. By way of comparison, the historical EU per capita consumption for both the EU-25 and EU-
15 is trended forwards in a simple linear fashion (although this may not be entirely appropriate for
many of the developing economies of the EU). The forecast for Ireland is seen to almost match the EU-
25 trend, confirming its plausibility. Data for this study was sourced from Eurelectric and Eurostat.

3.6 ENERGY EFFICIENCY

Itis generally agreed that there are three broad criteria for measuring the efficiency and effectiveness
of an Electricity Industry. These are security of supply, price and environmental impact. Unfortunately
many initiatives while favourable when assessed against one or two of the criteria can have negative
consequences for the third. For example measures such as investment in generation and network
assets designed to provide greater security of supply, tend to impact negatively on price and the
environment.

Improved energy efficiency — achieving the same results with less energy — is one of the few measures
which readily satisfies all three criteria simultaneously. Hence energy efficiency is a key part of Ireland
and Europe’s energy strategy. For example, the Government’s White Paper®? sets an objective of
reducing Ireland’s energy demand by 20% by 2020. A consultation document published in October
2007 by DCENR ‘The First National Energy Efficiency Action Plan for Ireland 2007-2020’, sets out a
range of measures which could be taken to meet this target across a number of different sectors within
the economy. For the Electricity Industry these measures include, amongst others, reducing network
losses, introduction of Smart Metering, additional deployment of combined heat and power plant, and
encouraging the use of more energy efficient appliances. It is possible that measures taken to improve
efficiency in other sectors may cause some increased demand within the electricity sector. If for
example customers switch from car to light rail transport (electric), even though overall energy
efficiency is improving, demand for electricity increases. The potential for demand switching from
other sectors to electricity will be monitored as the Governments’ energy efficiency plan is
implemented.

While the merits of energy efficiency are fundamentally clear it is sometimes more difficult to quantify
all the benefits which can accrue from such a diverse range of energy efficiency measures. For the
purpose of this report, two different approaches have been taken.

3.6(a) Lighting technology switch
This example illustrates how large-scale switching from incandescent filament light bulbs to CFL’s
would reduce the requirement to install additional generation capacity.

In the ‘First National Energy Efficiency Action Plan for Ireland 2007-2020’ consultation document, a
scenario is considered where four million incandescent light bulbs are switched to Compact
Fluorescent Lamps (CFLs). The corresponding saving in terms of Primary Energy Equivalent® energy is
690 GWh, which translates to approximately 345 GWh of electrical energy per year. This energy saving
was attributed across the annual customer demand curve in accordance with sunset and sunrise times
as they vary throughout the year. The impact on demand for a typical winter and summer day is
illustrated in Figure 3-5 and Figure 3-6. The security of supply benefits associated with such reductions
in demand are quantified in terms of a reduced requirement for generation capacity in Section 5.2(b) of
this report.

3.6(b) Load Shift from Peak to Off-peak

While simply moving demand from peak to off-peak hours does not correspond to increased energy
efficiency (as overall the amount of electricity consumed across the day is the same) it would result in
overall system cost savings as less generation capacity is required to meet the generation security
standard. Such a shift in customer consumption patterns is likely to be driven by government policy
measures, backed up by technology and industry changes such as the introduction of Smart Metering
and suitable tariff structures. As an illustration, the saving in generation capacity due to shifting an

12 ‘Delivering a Sustainable Energy Future for Ireland’ (12th March 2007)

3 This represents the calorific energy of the fuel which would have been consumed.

1 These electricity meters will provide customers with more information on usage patterns enabling more price
sensitive customer behaviour.
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amount of energy equivalent to 1% of total annual demand, from Peak to Off-peak was modelled and
the results are detailed in Section 5.2(c). The impact on system demand for a typical winter and
summer day is depicted in Figure 3-7 and Figure 3-8.
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Figure 3-7 1% Shift in Demand for a typical winter day Figure 3-8 1% Shift in Demand for a typical summer day

3.7 THE PEAK DEMAND MODEL
The peak demand model is based on the historical relationship between the annual electricity

consumption and the winter peak (their ratio is known as the Annual Load Factor). For these purposes
the winter period is defined as November through to February.

Historically, the winter peak is somewhat erratic (not fitting any model in a fully satisfactory manner),
as it is subject to many disparate influences, including:

temperature

changing customer habits, especially domestic customers

Demand-Side Management (DSM) schemes®.
In the peak demand model, the effects of DSM are estimated and corrected for. In recent years, the
amount of peak load reduction achieved by DSM schemes has been estimated at 120 MW. Were the
incentives removed in the future, the peak load should increase by approximately this amount. The
effect on generation adequacy of such a loss is investigated in section 5.2(d).

3.8 PEAK FORECAST RESULTS

Using the forecast electricity demand values and the DSM assumptions in the peak demand model, the
winter peaks for the next seven years were calculated for the three different scenarios. In terms of the

1> Some customers are given a financial incentive to reduce their demand at peak hours, thus lessening the actual
peak that needs to be supplied.
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TER peak (at the exported level and including an estimate of self-consumption), the forecast average
annual increases in winter peak are given in Table 3-3 (and are detailed in APPENDIX 1).

High 205
Median 167
Low 140

Table 3-3 Average annual forecast values for 2007-2014, for the Winter Peak increase in TER terms (RO/
only).

Historically, it has proved difficult to forecast the peak increase in any particular year — over the last
five years, the winter peak increase has twice been over 300 MW, and once below 50 MW. Therefore, it
is the long-term, average trends that are important, rather than putting too much focus on any one
year.

In 2013 and 2014, the ROI loads are added to those from Northern Ireland. As the load shape is not the
same for the two jurisdictions, the peaks are not necessarily co-incident. Therefore, the peak of the
combined load is slightly less than the simple addition of the individual peaks. This, of course, is just
one of the benefits of operating the All-Island system as a whole. Figure 3-9 shows the combined TER
peak forecast.
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Figure 3-9 The TER peak forecast, incorporating the SONI load in 2013 and 2014

3.9 UPDATE ON DEMAND FORECAST IN GAR 2007-2013

In order to use the demand model with confidence, it is worthwhile to evaluate its past performance.
Figure 3-10 illustrates how well the energy model did last year. The TER growth rate predicted for 2006
(dotted lines) was 4.3%. This is just below the outturn of 4.9% (black square), or just 141 GWh of a
difference.

Comparing the longer term trends in Figure 3-10, it can be seen that the current median forecast is
significantly lower than last year’s median forecast, due to the apparent slowdown in the economy.
Also it is evident from the relatively wide bounds on last year’s forecasts that there was a lot more
economic uncertainty then. The current forecast is a lot tighter, as the economic situation has become
clearer. However, as previously mentioned, the ESRI’s high forecast will not be analysed as it is so
close to the median - instead, a higher growth scenario will be carried out directly on the median
forecast from GAR 2007-2013.

Also, in terms of the peak demand, the current forecast is lower than the previous one, compare Table
3-3 to Table 3-4.
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Figure 3-10 Comparison of past forecasts, outturn for 2006 and current forecasts

High 213
Median 195
Low 121

Table 3-4 From the previous GAR, the average annual forecast values for 2007-2013, for the winter peak
increase TER demand

3.10 ROI ANNUAL LOAD SHAPE

In order to study generation adequacy, projections of electricity demand are required for each hour of
the study period. Electricity usage generally follows some predictable patterns. For example, the peak
demand occurs during winter weekday evenings while minimum usage occurs during summer weekend
night-time hours. Peak demand during summer months occurs much earlier in the day than it does in
the winter period.

Figure 3-11 shows a typical daily demand profile for the Republic of Ireland, for both a summer and
winter weekday in 2006. Winter peak and summer minimum load days are also included in order to
illustrate the range of possible demand levels. Many factors impact on this electricity usage pattern
throughout the year. Examples include: weather, sporting or social events, and customer demand
management.

The load shape for the year 2006 (as recorded at the National Control Centre in EirGrid) was examined
for the presence of non-standard demand patterns. Such non-standard patterns could be caused by
extreme weather conditions or unusual social events. As no such patterns were identified, 2006 was
deemed to be a “typical” year. Therefore it is used as the basic yearly load shape for all of the analysis
as it does not introduce any significant bias.

19



EirGrid - Generation Adequacy Report 2008-2014

5500

5000

o /NN

s
&
.g \—\
g 3500 1 — Y
5 \
2 3000 AN /
g \/ \
5 2500
[=H
x
2000
1500
1000
0 6 12 18 24
Hour
Winter Peak ~ ==—Typical Winter =~ ===Typical Summer Summer Minimum

Figure 3-11 Typical daily demand patterns from 2006
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4 ELECTRICITY SUPPLY

4.1 INTRODUCTION

Generation adequacy describes the balance, or potential imbalance, between demand and supply. As
part of the generation adequacy assessment process it is important to construct a complete and
accurate picture of the supply position. This section identifies a number of potential supply-side
scenarios for Ireland. The amount of capacity installed and its ability to produce electricity when
required are the main factors which characterise the generation portfolio’s impact on security of
supply. In this section of the report forecasts of installed capacity, plant availability and capacity credit
are described.

Since the last Generation Adequacy Report a number of issues related to the withdrawal of existing
capacity and the commissioning of new generation have been clarified somewhat. Therefore, while
there will be significant changes in how electricity is supplied over the next seven years, these changes
can now be assessed and planned for with greater certainty.

At this point in time three significant changes to the plant portfolio can be forecast for the next seven
years:

Two new combined cycle gas turbine units have signed connection offers and are therefore
included in the plant portfolio for adequacy assessment.

ESB Power generation is to withdraw from 3 power stations, affecting some 1300 MW of plant.
Tarbert and Great Island generating stations are to be offered for sale, while the older of the two
generating stations in Poolbeg (i.e. Poolbeg units 1, 2 and 3) is due to close. While it is possible
that Tarbert and Great Island will be sold as going concerns and continue to operate in their
current form, the assumption for the base case is that the existing plant will be closed. The
closure of such a large portion (over 20%) of installed capacity not only has the potential to
affect generation adequacy, it will also change the nature and performance of Ireland’s
generation portfolio as these units represent 100% of Ireland’s ability to generate electricity
from heavy fuel oil (as an alternative to gas).

Very significant amounts of Wind Power Generation (WPG) capacity, in the order of 1840 MW,
will need to be added over to the seven years if Ireland is to remain on track to meet the
renewable energy target of 33% by 2020.

The completion of two large scale transmission infrastructure projects should also provide security of
supply benefits. These are the completion of a second high capacity transmission link with Northern
Ireland and a new 500 MW DC interconnector between Ireland and the UK. The additional link to
Northern Ireland will bring adequacy benefits as it will greatly improve the ability to transfer power
from one jurisdiction to the other, while the interconnector to the UK will allow greater access to the UK
electricity market. For the purpose of this report both of these projects are assumed to be in place for
2013.

4.2 DEFINITION OF PLANT CATEGORIES

The generation portfolio comprises many different plant types, some of which contribute more than
others towards generation adequacy. The modelling techniques used take account of these
differences and are explained throughout this section. In order to highlight different aspects of the
portfolio, plant has been grouped under a number of different headings in the following analysis.
These groupings are also used to explain how different plant types are treated in data gathering and
analysis.

The plant portfolio can be categorised in many different ways. One of the most pertinent
categorisations, from the generation adequacy perspective, is whether or not the plant can be fully
dispatched. The operation of fully-dispatchable plant can be both monitored and controlled from
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EirGrid’s central control room, the National Control Centre (NCC). Customer demand is also monitored
from the NCC. The output of fully-dispatchable plant is varied in order to meet this demand.

There is an amount of generation connected to the system whose output is not currently monitored in
the NCC and whose operation cannot be controlled. This non-dispatchable plant has historically been
connected to the lower voltage distribution system (known as embedded generation) and has been
made up of many units of small individual size.

Large wind farms can fall between these two categories. In accordance with the Grid Code and the
Distribution Code®®, wind farms with an installed capacity greater than 5 MW must have the ability to be
dispatched, in the sense that their output can be reduced. However, an instruction to increase output
can only be followed if wind conditions permit. Therefore, large wind farms are categorised as being
partially-dispatchable.

4.3 FORECAST FOR FULLY DISPATCHABLE PLANT

This section describes the changes in plant capacity which occurred in 2007 and those which are
forecast to occur over the next seven years. Plant closures and additions are documented. Only new
plant which has a signed connection agreement? with EirGrid is included in adequacy assessments. It
should be noted that there is a further 796 MW of conventional capacity in the connection offer queue.
This represents a healthy level of interest in generation investment going forward.

The quantity of fully dispatchable plant increased in 2007 due to the commissioning of a 401 MW
combined cycle gas turbine plant in Huntstown power station. The total dispatchable capacity,
including a 200 MW firm capacity reliance on Northern Ireland, is expected to be 6445 MW at the end of
2007. However one of the units included in this portfolio, Poolbeg Unit 3 (242MW) has not been
available for the last year and this situation is not expected to improve prior to formal closure of this
unitin 2009. The effective capacity of fully dispatchable plant is therefore 6203 MW (6445 MW —

242 MW) at the end of 2007,

In terms of confirmed new capacity there are two additional combined cycle gas turbines due to be
commissioned in 2009 and 2010. In the final quarter of 2009, ESB Power Generation is due to
commission a 431 MW CCGT plant in Aghada. In mid-2010 Bord Gais is due to commission a 432 MW
CCGT in Whitegate.

As can be seen from the generation map (Figure 4-3) both CCGTs are located in close proximity in the
south-west of Ireland. There is also a significant amount of new WPG capacity due for connection in the
south-west over the next number of years. As a result, significant reinforcement of the transmission
system will be required to accommodate the likely level of power exports from the south-west region.
In the absence of such reinforcement the output of generation in this region will have to be constrained
from time to time. This would impact on the capacity benefit (contribution towards generation
adequacy) of this generation.

Analysis of the existing transmission system’s capability has indicated, for generation adequacy
purposes, that the south-west generation portfolio should be de-rated by 300 MW to take account of
the shortage of export capability. The permanent® solution to remove this transmission constraint is
likely to include the construction of additional high capacity 220 kV lines. Given that the lead time for
completion of such projects can be in excess of seven years, the 300 MW transmission constraints are
included for the full seven years covered by this report.

Additional Capacity | 401 0 431 432 0 0 0 0
(Mw) (Huntstown) (Aghada) | (Whitegate)

Table 4-1 Confirmed new conventional generation capacity

ESB Power Generation has advised that they will cease operation of three power stations, Tarbert,
Great Island and the older Poolbeg station over the next 3 years. The total capacity affected is

1 Industry documents outlining procedures and technical standards to which the users of the transmission and
distribution systems must adhere.

7 A signed Connection Offer has been accepted and any conditions precedent fulfilled.

8 This figure is consistent with the plant capacity figure of 5930 MW from EirGirds Winter Outlook 2007-2008 which
excluded a 200 MW reliance on Norhtern Ireland and Turlough Hill unit 1 (73MW).

 EirGrid is examining schemes and measures to mitigate the impact of these constraints in the period prior to
reinforcement of the transmission system.
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1267 MW. Individual unit names, capacity and dates on which ESB will cease operation are illustrated
in Table 4-2. While Tarbert and Great Island may be sold as going concerns and continue in operation,
the prudent assumption has been taken that these generators will cease operation completely.
Therefore they have been removed from the portfolio on the dates given in Table 4-2 in all the base
case scenarios. The possible generation adequacy benefits of continued operation are examined
under two separate ‘what if’ scenarios:

Tarbert, Great Island and Poolbeg continue to operate through the winter. For example, Great
Island is removed from the portfolio at the end of March 2009 rather than December 2008. This
is referred to as the ‘Whole-Winter Extension’ scenario in this report.

Tarbert and Great Island stations are sold as going concerns and continue to operate ‘as is’
until the end of 2014. This is referred to as the ‘Continued Operation’ scenario in this report.

In addition to these major changes in capacity it is also planned to convert Marina power station from a
combined to open cycle gas turbine in 2009. As a consequence the steam turbine in Marina will be
decommissioned and this will result in a 27 MW reduction in capacity.

Great Island Units 1,2 and 3 216 December 2008
Marina Steam 27 March 2009
Tarbert Units 1 and 2 108 December 2009
Poolbeg Units 1,2 and 3 461 December 2009
Tarbert Units 3 and 4 482 December 2010
Total 1294

Table 4-2 Timetable for closure of ESB Power Generation units

Apart from changes in the fully dispatchable plantin Ireland, the completion of two large transmission
infrastructure projects will have a significant impact on the supply situation. The completion of the
second high capacity transmission link with Northern Ireland will allow the supply demand balance to
be considered on an All-Island basis. This transmission project is due to be complete for 2012.
Therefore for 2013 and 2014 an All-Island generation adequacy assessment has been carried out. In
this All-Island assessment the customer demand and generation portfolios are aggregated such that
the ability of the All-Island plant portfolio to meet a single All-Island system demand curve is assessed.
Prior to the completion of this project capacity reliance on supply from Northern Ireland is limited to
200 MW due to transmission constraints. Information on the installed capacity and availability of plant
in Northern Ireland has been supplied by SONI. In 2013 these forecasts indicate that there will be
2142 MW of centrally dispatched capacity available in Northern Ireland (this figure includes 450 MW
over the existing Moyle interconnector to Scotland).

Capacity added +401 +431 +432

Capacity withdrawn® -216 -596 -482

Northern Ireland reliance +200 -200

All-Island Portfolio +2142

EWIC +250

Minor Degradation -5 -3 -2 -2
Net Impact +601 -221 -165 -53 -2 | +2192 -2
Capacity change from 2007 -221 -386 -439 -439 -441 +1751 +1749

Table 4-3 Changes in dispatchable capacity

A target completion date of 2012 has also been set for a 500 MW DC interconnector between Ireland
and the UK, known as the East-West interconnector (EWIC). At this pointin time it is not easy to
forecast a completion date, nor is it fully known how such an interconnector will operate, for example,
whether or not imports for the full 500 MW will be available to the Irish market at all times. Therefore
the prudent assumption has been made such that the impact of this interconnector on security of
supply can be modelled by adding a 250 MW high availability generator to the plant portfolio from the
start of 2013.

? Capacity withdrawals are assumed to occur on 31-Dec of the year in question.
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The combined impacts of capacity added and withdrawn, moving to an All-Island generation portfolio
and the EWIC on the total dispatchable capacity are illustrated in Table 4-3, Figure 4-1 and Figure 4-2.
These are tabulated in further detail in APPENDIX 2.
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Figure 4-1 Quarterly timetable of capacity changes for 2008-2012 for Ireland
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Figure 4-2 Quarterly timetable of capacity changes from 2013, incorporating all NI dispatchable plant
and the EWIC

As can be seen in Figure 4-1, dispatchable capacity is forecast to reduce over the next five years. This
is obviously a cause for concern as demand is predicted to grow over this same period. Thereafter
there is a significant increase in capacity included in the analysis. However this jump in capacity is
associated with moving to All-Island generation adequacy assessment and must therefore be viewed in
the context of meeting a much increased level of demand, see Figure 3-3 (i.e. the combined customer
demand in both jurisdictions is examined with reference to the combined generation capacity).
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Plant Type Fuel
B |Conventional steam HFO
W |Conventional steam Coal/HFO
m |Conventional steam Peat
I |Conventional steam Gas
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TOTAL FULLY DISPATCHABLE ROI PLANT:
5805 MW + 200 MW from NI = 6005 MW

Figure 4-3 Fully-dispatchable plant installed in 2011, at exported capacity. The generation capacities for the Northern
Ireland plants are taken from the Generation Seven Year Capacity Statement 2007-2013 (Source: SONI, December
2006).

A map showing the location of the fully-dispatchable plant appears in Figure 4-3, while more detail on
every unit can be found in APPENDIX 2. For information purposes, this map also includes information
on plant in Northern Ireland.

Dispatchable capacity | 6445 6440 6628 6487 6005 6003 8195 8193
Table 4-4 Fully-dispatchable capacity
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4.4 FORECASTS FOR NON-FULLY-DISPATCHABLE PLANT

Non-fully-dispatchable plant consists of:

1. Industrial back-up generation

2. Small-Scale Combined Heat and Power (CHP)
3. Small-Scale Biomass (Renewable)

4. Small-Scale Hydro (Renewable)

5. Wind Powered Generation (Renewable)

Forecasts for non-renewable plant within this category have been made with reference to industry
conditions and historical trends. Forecasts for renewable generation have been compiled to align with
Government policy as set down in the March 2007 White Paper — ‘Delivering a Sustainable Energy
Future for Ireland’. This paper sets out the following action item, ‘we will achieve 15% of consumption
on a national basis from renewable energy sources by 2010 and 33% by 2020’. For the purpose of this
report it is assumed that both targets will be achieved largely? through the deployment of additional
wind powered generation, see section 4.4(e).

The position with other emerging technologies such as wave and tidal power is being monitored, but a
significant contribution is not expected over the next seven years. This assumption is without
prejudice to the Government’s target of having 500 MW of installed ocean capacity by 2020. However
given that such technology is now at the research, development and demonstration stage it is likely
that large-scale commercial deployment will only occur at a later time than that covered in this report.

4.4(a) Industrial generation

This category refers to generation, usually powered by diesel engines, located on industrial or
commercial premises, to act as on-site supply during peak demand periods. It is estimated that the
total installed capacity of such generation is over so MW. However, as the condition and mode of
operation of this plant is uncertain, it has been estimated that this plant is generating 9 MW at peak
hours. This capacity is assumed to remain constant over the forecast period.

4.4(b) Small-scale Combined Heat and Power (CHP)

Due to the high overall efficiency of CHP plant, often in excess of 80%, its utilisation provides benefits
in terms of reducing fossil fuel consumption and CO2 emissions. However in the past the deployment
of CHP in Ireland has been modest. Figures obtained from Sustainable Energy Ireland indicate that the
installed CHP capacity at the end of 2006 was 108 MW (not including the 161 MW centrally dispatched
CHP plant operated by Aughinish Alumina). As an indication of current activity by developers of CHP,
there are 7 MW of unsigned applications in the queue for network connections. Therefore the base
case assumption for this report is that 5 MW of CHP will be added per annum over the next seven years.

There are more optimistic targets for CHP capacity, with the South East region alone aiming for 20 MW
by 2010%. The Government targets? are for 400 MW by 2010 and for 8oo MW by 2020.

Taking these targets into account an additional scenario which quantifies the impact of higher capacity
growth has been completed. In this scenario the total CHP capacity (including the 161 MW CHP plant
operated by Aughinish Alumina) reaches the government target of 400 MW by the end of the forecast
period, 2014. This translates to an annual CHP incremental capacity addition of 16.5 MW.

4.4(c) Small-scale hydro

There are currently 18 MW of small-scale hydro capacity. The most up to date figures available
indicated that such plant operates at a capacity factor of approximately 35% yielding 55 GWh per year
(0.2 % of system demand). While this is a mature technology, the lack of suitable new locations limits
increased contribution from this source. Therefore EirGrid’s projection is that small scale hydro
capacity will increase at an annual rate of 1 MW per year.

2 While this is the assumption for this report, EirGrid supports the development of a balanced portfolio of renewable
generation.

2 ‘Bjoenergy Implementation plan for the South East Region’, August 2007, SEI, Teagasc and EPA.

2 Energy White Paper 2007 ‘Delivering a Sustainable Energy Future for Ireland’, March 200;.
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4.4(d) Biomass

There are currently 29 MW of generation from biomass (mainly in the form of land-fill gas). There is
significant interest in biomass generation, as witnessed by a number of such projects in the public
planning process. As an indication of current activity by developers of biomass plant, there are 67 MW
of applications in the queue for network connections. For the purpose of this report it has been
assumed that 9 MW of additional biomass capacity is added to the system for each of the next seven
years. This assumed growth rate is in line with the median scenario from Sustainable Energy Ireland’s
2006 Biomass in Ireland report which gives an installed capacity figure of 50 MW by 2010.

Government policy? states that it is ‘setting the target of 30% co-firing (with biomass) at the three
State-owned peat power generation stations to be achieved progressively by 2015 beginning with
immediate development by Bord na Ména of its pilot project at Edenderry Power Station’. However
while net carbon emissions will be improved through this measure, it will not impact on generation
adequacy as no new generation capacity would have been added to the portfolio.

4.4(e) Wind Powered Generation (WPG)

In the last number of years there has been a rapid increase in installed Wind Powered Generation
(WPG). Installed capacity has grown from 139 MW at the end of 2002 to the 801 MW as of 1 September
2007, with a further 466 MW committed® to connection. The location and capacity of all connected and
committed wind farms can be seen in Figure 4-5, while APPENDIX 2 contains detailed tables.

There remains very significant interest in the development of further WPG. Beyond committed projects,
there is a 1276 MW tranche of wind capacity being progressed under the connection offer process.
Beyond this again there is 2830 MW? waiting to be processed. Therefore if all committed and queuing
WPG is developed there would be a total installed capacity of 5,319 MW, representing a total capital
investment in excess of 6 billion euro.

As can be seen from Figure 4-4, energy supplied from WPG has increased significantly. In 2002 just
1.6% of Ireland’s electricity needs came from WPG. Despite rapid electricity demand growth in the
interim period, at the end of 2006 the share provided by WPG (of a larger demand figure) had grown to

6.03%.
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Figure 4-4 Historical wind generation capacity, capacity credit and percentage of total electrical energy

Installed capacity of WPG has grown by 40% per annum over the five year period from 2002 to 2006.
However the average capacity factor achieved has fallen over that period as illustrated in Figure 4-6.
This downward trend may be caused by the development of less favourable wind regime sites in recent

2% Energy White Paper 2007
# A signed Connection Offer has been accepted and any conditions precedent fulfilled.
% A further 416 MW has joined the queue in October and November 2007 (after the data freeze date).
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years, the best sites having been developed first. It is possible that this trend will reverse as WPG
technology improves allowing more power to be captured from, what would currently be considered as,
sub-optimal wind conditions. For the purpose of this report future WPG is assumed to deliver a 33%

capacity factor.
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Figure 4-5 Existing and committed wind farms, as of the data freeze date
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Figure 4-6 Average capacity factor for installed wind capacity

Furthermore the contribution of WPG towards generation adequacy (i.e. Capacity Credit of WPG) has
not keep pace with the growth in installed capacity or energy supplied. In fact, while installed WPG
capacity has increased by 40% per annum over the last 5 years, in the same period the capacity credit
(as a percentage of installed WPG capacity) has fallen from 35 to 24 %, see Figure 4-7. As outlined in
Section 2.3(b), this is due to the inherent inability of WPG to behave as a number of fully independent
power plants. AllWPG in Ireland tends to act more or less in unison as wind speeds rise and fall across
the country. The probability that all WPG will cease generation for a period of time (as a result of wind
conditions) limits its ability to ensure continuity of supply and thus its benefit from a generation
adequacy perspective.
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Figure 4-7 Capacity credit of installed wind capacity

Despite this poor contribution towards generation adequacy, WPG has other favourable characteristics,
such as:

The ability to provide sustainable energy

Zero carbon emissions

Utilisation of an indigenous energy resource
Relatively mature renewable-energy technology
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This combined with Ireland’s excellent natural wind regime means that WPG is likely to be deployed
extensively to meet the renewable energy target of 33% by 2020.

Based on current demand growth projections, this 33% target implies that 14 GWh of electricity will
come from renewable sources in 2020. For 2007 it is forecast that renewable generation will provide
3.4 GWh. If this gap is to be bridged smoothly, then renewables should provide 9.0 GWh in 2014 (or
25.5% of electricity demand).

Along with the other renewable sources, as outlined in the previous sections, a total WPG installed
capacity of approximately 2797 MW could deliver this 2014 requirement (assuming a WPG capacity
factor of 33%). Given that the current installed capacity? of WPG is 801 MW, some 2000 MW will need
to be added to the system to meet this target level for the end of 2014. It should be noted that this
incremental WPG capacity of 2000 MW will provide a capacity credit of approximately 165 MW (see
Figure 4-8).

Forecasts from SONI indicate that there will be 737 MW of WPG installed in Northern Ireland by the end
of 2014, giving a 2014 All-Island WPG capacity of 3534 MW.

Furthermore if WPG is installed at a linear rate of 270 MW per annum there would be just over 1,700 MW
installed by the end of 2010. This should be sufficient to enable 18.0% of the electricity requirement to
be provided from renewable sources and would mean that the Government’s target of 15% by 2010 is
exceeded.
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Figure 4-8 Forecast of installed wind capacity (at year end), with its associated capacity credit. Also
included is the Capacity Credit per MW installed.
Installed wind capacity (MW) 1177 1447 1717 1987 2257 2527 2797
Capacity credit (MW) 235 261 283 302 318 333 347

Capacity Credit as % of installed capacity 20% 18% 16% 15% 14% 13% 12%
Table 4-5 Summary of wind capacity forecast and its associated capacity credit

4.4(f) Summary of Non-Fully-Dispatchable Capacity Forecasts
The increase in Non-Fully-Dispatchable Capacity assumed for the purpose of this report is illustrated in
Table 4-6.

77 At the data freeze date, September 2007
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Industrial Generation 9 9 9 9 9 9 9
Combined Heat and Power 118 123 128 133 138 143 148
Small-Scale Hydro 20 21 22 23 24 25 26
Biomass 42 51 60 69 78 87 96
Wind Powered Generation 1177 1447 1717 1987 2257 2527 2797
Total Partially/ 1366 1651 1936 2221 2506 2791 3076

Non-Dispatchable Plant
Table 4-6 Summary of non-fully-dispatchable capacity

4.5 PLANT AVAILABILITY

The total electricity generation capacity connected to the system is never likely to be available to meet
customer demand at any particular instant. Plant may be scheduled out-of-service for maintenance or
forced out-of-service because of mechanical or electrical failure. Lack of availability due to forced
outages has a much greater impact on the ability of the system to meet demand than the same lack of
availability arising from scheduled outages. This is a consequence of the unpredictable nature of
forced outages as compared with the planned nature of scheduled outages.

Poor plant availability, for whatever reason, has an adverse impact on generation adequacy. The
amount of generation capacity which must be installed to meet the generation adequacy standard is
directly related to availability within the plant portfolio. At low levels of availability more capacity is
required to maintain the same standard of generation adequacy. Carrying additional capacity on the
system increases costs, and these costs are ultimately passed on to the customer.
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Figure 4-9 The generators’ low availability scenario forecasts from all five previous GARs. These are
compared with the outturn® system availability.

As availability performance is a material factor in determining generation adequacy and can vary
widely over time, four different plant availability scenarios have been analysed for this report. Three of
these scenarios were supplied by the operators of the fully-dispatchable plant while a fourth was
determined by EirGrid with reference to the historical gap between predicted and delivered generator
performance. The operators of fully-dispatchable plant have provided high (optimistic), median, and
low (pessimistic) forecasts of their availability performance for the period 2008 to 2014. As the fourth
scenario is initialised at the level of availability performance on the data freeze date, it is referred to in
this report as the ‘current+’ case. This fourth scenario represents a lower level of performance than
any of those supplied by the plant operators.

2 System availability at the data freeze date was 78.4%. System availability has fallen further, to 77.8% by mid-
November.
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This current+ availability scenario takes system availability at the data freeze date as its first data
point, i.e. as a prediction of persistent performance into 2008. However in light of the recently
launched All-Island Electricity Market and the replacement of low availability plant with more reliable
capacity it was not considered reasonable to assume that this very low level of availability would
persist. Therefore in the current+ scenario availability is predicted to rise such that it is consistently
3% lower than the most pessimistic (or low) generator availability forecast.

This performance gap of 3% was determined by comparing delivered availability with generators’
forecasts. Since the first GAR was published in March 2001, the owners of generation plant have
provided the TSO with their estimates of how their plant would perform over a seven year time horizon.
However, as can be seen in Figure 4-9, the outturn system availability has generally fallen below even
the lowest (most pessimistic) of the generators’ predictions. Only in 2005 did the actual outturn
exceed the generator-predicted low availability scenario. In 2007 the outturn again proved more
disappointing than any generator-predicated values. Over the last five years the average difference
between the delivered performance and the most pessimistic forecast has been just over 3% and this
provides the basis for the current+ availability case.

All four availability forecasts are illustrated® in Figure 4-10. Also included is the outturn availability
figure of just below 79%, as of 1 September 2007. This level of performance is well below international
norms and should provide significant scope for improvement. However monthly availability reports,
published on the EirGrid website, since September have indicated a further deterioration in
performance.

There is a very substantial variance between the upper and lower values of predicted availability. From
the current reality of just under 79% it is predicted, in the most optimistic case, that availability may
rise to over 92%. Such an 11 percentage point increase in system availability would greatly reduce the
need for additional plant capacity (as quantified in Section 5 of this report). It can also be seen that the
general trend in the predictions is for availability to improve over time. This may be due to the
influence of the new All-Island Electricity Market and/or the replacement of low availability plant with
more reliable capacity.
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Figure 4-10 Total system (excluding Renewables and CHP plant) availability forecast values from
Generators’ own predictions, plus the alternative ‘current+’ scenario. The figure for 2007 represents a
rolling 52-week average up to the end of August 2007.

# Excluding Poolbeg Unit 3 (242 Mw) from both historical and forecast values as this unit is not expected to return to
service.
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4.6 PLANT PORTFOLIO IMPLICATIONS

The potential closure of some 1300 MW of plant and the rapid deployment of Wind Powered Generation
and Combined Cycle Gas Turbine (CCGT) plant have implications for the structure and performance of
the plant portfolio. In this section, an assessment is given of the likely consequences under a number
of headings.

4.6(a) Gas Dependency

With the potential closure of all Heavy Fuel Oil (HFO) powered generation capacity®, Ireland will be
largely dependent on three primary sources of energy for its electricity needs, gas, renewables and
coal. Typically HFO plant had large reserves of fuel (sufficient for up to several months of electricity
production) stored on-site. The closure of such units will greatly curtail the ability to switch away from
gas-fired generation for a sustained period of time.

This is of particular concern as it will occur during a period when Ireland’s already heavy dependence
on gas-fired (mainly CCGT) plant increases further. Indeed government policy as set out in the
Government White Paper - ‘Delivering a Sustainable Energy Future for Ireland’ (12th March 2007) is to
limit gas fired generation to approximately 50% by 2020. It would appear that this limitation on gas
generation can only be achieved if renewable generation contributes 33% in accordance with targets
and coal/peat fired generation remains a part of the portfolio. The potential fuel mix with and without
coal fired generation are illustrated in Figure 4-11.

33% 33%
h . a
61%
é 2% ’ 2%

0
4% 14% 4%

@ Renewable @ CHP O Coal O Peat M Gas/Distillate W Renewable @ CHP O Peat M Gas/Distillate

Figure 4-11 Potential fuel mix in 2020

From a system operation perspective it should also be remembered that achieving an average gas
penetration of 50% over a year will however require very high levels of gas generation on occasions.
For example in the first nine months of 2007, gas generation has, at certain times, supplied up to 87 %
of system demand. Furthermore, from the duration curve, illustrated in Figure 4-12, it can be seen that
there have been 5,300 hours so far in 2007 when gas generation was supplying more than 50% of
customer demand.

With gas generation regularly supplying such high fractions of demand, security of supply concerns
arise if there was to be a sudden and complete interruption to gas supplies. This type of interruption is
more likely to be as a result of a technical fault on the main gas supply network rather than a
commercial or contractual issue. From discussions with Bord Gais it appears that such a technical
fault, while very unlikely, is not impossible. However Bord Gais have remedial plans in place which
should limit the time duration of such a fault to a maximum duration of one week.

In the event of such a gas supply interruption, it is imperative that the gas generation portfolio can
switch immediately to a secondary fuel and sustain a reasonable level of output. As part of a survey for
this report, the operators of the existing fleet of gas generators provided information on their ability to
sustain output on their secondary fuel (distillate). Analysis has indicated that even if the gas
interruption lasts for just one week, and generators can deliver the expected level of output, there
would still be a significant increase in the risk of electricity shortages. Should the gas interruption
occur during a winter week a shortage in the range of 1000 MWhrs could be expected. Using the
current Value of Lost Load (of €10,000/MWhr) therefore infers a gas supply interruption cost of
€10m/week.

3 ESB Power Generation has announced its decision to close or divest Great Island, Poolbeg and Tarbert power
stations.
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Figure 4-12 Load duration curve for gas use

Furthermore security of supply was found to be highly sensitive to any reduction in secondary fuel
capability. For example, a relatively modest reduction in secondary fuel capability of 10% would lead
to an increase in un-served energy of 600%.

4.6(b) Plant Portfolio

In the last generation adequacy report, GAR 2007-2013 published in November 2006, a number of
qualitative points were made in relation to the changing nature of the generation portfolio. Due to the
increasing penetration of wind powered generation and new high merit CCGT plant, the need for more
flexibility was highlighted. It stated that, “A number of options may be considered to meet the cycling
duty requirement. These will include:

Greater flexibility from the existing portfolio
Installing additional capacity specifically suited to this role
A combination of the previous two options.

Further analysis is recommended in order to support informed decision-making in this area. In
particular the technical characteristics of generation capacity that will be required in the 2011+
timeframe should be carefully examined”.

Following on from this, EirGrid has examined the cost and system operation implications of using
different generation technologies to fill a 400 MW capacity requirement.

The candidate technologies ranged from a number of relatively small 30 MW diesel engines to a single
400 MW coal fired unit. A full list of the options considered, together with the corresponding installed
capacity requirement to provide approximately 400 MW of capacity benefit, is given in Table 4-7.

30 MW Diesel units 330 46.1
93 MW LMS100 units 372 43.3
400 MW Coal 400 42.5
389 MW CCGT 389 54.7
115 MW CCGTs 345 53.1
41 MW OCGTs 369 39.0
182 MW OCGTs (distillate fuel only) 364 33.3
157 MW 0CGTs 314 33.5
273 MW P.S. units 1092 76.0
30 MW grate-based biomass units 360 28.0

Table 4-7 Candidate technologies

31 A number of scenarios from GAR 2007-2013 indicated that such a requirement was likely to occur in 2011.
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From this table it can be seen that 1092 MW of pumped storage capacity is required to provide a
capacity benefit of 400 MW. This is largely due to the energy limited nature of the pumped storage
units considered (they were assumed to have similar storage capacity to the existing Turlough Hill
station). This high capacity requirement for pumped storage tends to place this option at the higher
end of the cost scale. A pumped storage station with greater storage capacity would tend to fare better
in the cost comparisons. On the other hand it can be seen that just 330 MW of diesel units are
sufficient. This can be attributed to the fact that there is a low probability of all 11 units failing
simultaneously.

It is also worth noting that wind generation is not included in the candidate list as the capacity benefit
of wind has almost saturated with 3100 MW of wind being included in the 2011 All-Island base
portfolio. Therefore, no amount of additional wind capacity would be capable of filling a 400 MW
capacity requirement.

The analysis was based on adding each technology to the existing All-Island portfolio in turn and
examining the impact on the total fuel costs, CO2 costs, capital investment, operation-maintenance
costs and system operation. This analysis was carried out for various fuel and CO2 price scenarios. As
illustrated in Table 4-8, gas-fired OCGT and advanced OCGT technology are consistently providing the
lowest cost solutions. Results are presented relative to the cheapest generation technology under
each of the scenarios studied.

It should also be noted that CCGT technology does not incur a significant®2 cost premium. Coal fired
plant, while improving fuel diversity, attracts a significant cost premium except in the high fuel price
scenario. On the other hand if CO2 was priced at €100/tonne, coal would be subject to a significant
cost premium of €83m/annum. This would indicate that if there was to be investment in coal power
plant, it may need to be adapted to clean coal technology should a high CO2 price materialise. It
should also be noted that all system simulations suggested that the power system could be operated
without significant difficulties regardless of the technology added. More information on these studies
can be obtained from the EirGrid website®.

Candidate Plant Central Fuel High Fuel Prices, Low Fuel Prices, | Central Fuel

Prices, C02 =30€/tonne | C02=30€/tonne | Prices,

C02 =30€/tonne C02 =100€/tonne
157 MW OCGTs 0 0 0 18
93 MW LMS100 OCGTs 5 4 7 5
389 MW BNE CCGT 10 11 10 0
182 MW OCGTs 12 9 16 28
115 MW CCGTs 16 13 20 2
30 MW Diesel Units 16 16 17 20
41 MW OCGTs 15 12 26 29
400 MW Coal 25 10 79 83
1092 MW pumped storage 64 59 75 49
30 MW Grate-based Biomass units 99 91 107 43

Table 4-8 Results of optimal plant portfolio study

While the absolute accuracy of these results is, of course, a function of the precision of input data (e.g.
fuel price forecasts for 2011), general trends can be deduced. The fact that low running cost (base-
load) plant such as coal and CCGT do not result in the least cost solution, even if the cost premium is
not very large, suggests that a transition point is approaching or has already been reached. Beyond
this transition point, the least cost and more appropriate plant technology for new generation capacity
is likely to be flexible OCGT, advanced OCGT or similar technology. This is not to say that once a
tranche of such plant has been added to the system that it would not then be appropriate to add low
running-cost, high capital-cost generation once again.

4.6(c) Environmental
Each year as part of the Generation Adequacy Report, a review is carried out of any changes in Irish
environmental legislation or EU directives to assess possible impacts on security of supply. Following

32 The cost premium for CCGT plant is comparable with potential error bands around the input assumptions.

3 www.EirGrid.com,
http://www.eirgrid.com/EirgridPortal/uploads/Conference%202007/(2)%20Generation%20Adequacy%2o0and %20
%20New%20Generation%2oPotential%20-%20Michael%20Kelly%20-%20EirGrid.pdf
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this review process it has been concluded that no such implications are likely. However there are a

number of issues which warrant comment as they may result in either further legislation or changes in
policy direction.

Compliance with Nitrogen Oxide Targets
Minimum load restrictions

As with most emissions, the quantity of NOx emitted varies with generator output. However depending
on the NOx control technology used, gas turbines can exhibit an inverse relationship where NOx
emissions increase as the output of the generator decreases. This can make it difficult for the

generator to comply with its Integration Pollution Prevention Control (IPPC) license when operating at
low output.

The imposition of a NOx related minimum loading level can result in the technically feasible load
control range being reduced. Ironically, such a reduction in operational flexibility would serve to
inhibit the Electricity Industry’s ability to achieve the 33% renewable target.

Investors in new generation are invited to consider the need for increased plant flexibility in light of

increasing penetration of renewable generation and the preponderance of conventional plant suitable
for a base load running regime.

Non-compliance with 2010 targets

Under the current National Emissions Ceilings Directive (2001/81/EC), Ireland has target limits for the
following four priority pollutants, Nitrogen Oxides (NOx), Sulphur Dioxide (S02), Volatile Organic

Compounds and Ammonia (NH3). It appears that these limits for 2010 will be adhered to except in the
case of NOx.

In the case of NOx the annual target, for all sectors, of 65,000 tonnes remains quite challenging. NOx
emissions from electricity generation have declined somewhat since 1992 (see Figure 4-13), through
efficiency gains and the fitting of mitigation technology such as low NOx burners. The deployment of
the newly installed selective catalytic reduction technology in Moneypoint coal fired station should
further improve the situation within the electricity sector. However, these gains are likely to be
insufficient to meet the overall NOx target when lower reductions or even emissions growth within
other sectors such as transport and industry are taken into account.

160000
140000 -
120000 -
100000 -
80000 -

60000 -

40000 -

20000 -

0 A

Tonnes NOx

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

I Power Stations I Residential & Commercial =1 Industrial

I Agriculture & Forestry I Transport ——10ther
= = =NEC Target

Figure 4-13 Trends in NOx emissions. Source : Environment in Focus 2006 Environmental Indicators for
Ireland, EPA 2006.

Adoption of more stringent NOx targets

The revision of the National Emissions Ceilings directive (2001/81/EC) is expected to propose emission
caps for 2020. These new targets are due to be adopted by the EU Commission in spring 2008. It is
likely that the 2020 NOx targets will be more restrictive. How any such new targets will be attributed to
the various polluting sectors has yet to be decided. As new limits emerge their impact on the electricity
sector and more particularly security of supply will be assessed.
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5 ADEQUACY ASSESSMENTS

5.1 INTRODUCTION

This section reports on the scenarios for which generation adequacy is assessed. The varying
outcomes of these assessments are presented in terms of the resulting plant surplus or deficit. Initially
the impacts of different demand growth and availability scenarios are examined. Subsequently the
various factors that might influence this outlook over time are assessed. These factors include the
extension of plant life beyond the dates advised by ESB Power Generation and delays with the
completion of the second high capacity transmission link between the Republic and Northern Ireland or
the East-West interconnector to the UK.

The differences in results between this and last years report are illustrated and explained.

5.2 IMPACT OF DEMAND GROWTH

5.2(a) Variations in demand due to economics

The effect of different demand forecasts is illustrated in Figure 5-1, where the availability is held at the
generator-predicted low scenario. The impact on the plant surplus/deficit position is illustrated for
demand growth scenarios which range from an average annual rate of 2.7% in the low case t0 3.6% in
the high case. While current thinking is that a high demand growth scenario is unlikely in the short to
medium term, such a scenario cannot be ruled out completely.

It can be seen that significant demand-driven deficits begin to emerge in 2011. In the median demand
scenario this deficit grows to 459 MW by 2012. Were the high case to occur, then the deficit here would
be 700 MW. Strong demand growth is therefore a significant factor in driving the need for additional
plant.

The situation improves markedly in 2013 (by an average of 400 MW), with the inclusion of the East-
West Interconnector and the changeover to All-Island assessment. However, demand growth in 2014
results in substantial deficits once more e.g. over 250 MW in the Median demand case.
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Figure 5-1 Surplus/Deficit results for varying demand scenarios, with low availability
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5.2(b) Energy Efficiency — Case 1 — Lighting Technology Switch

By switching four million incandescent filament light bulbs to CFL technology customer demand is
reduced by 345 GWh. This reduction in demand improves security of supply, such that the installation
of 81 MW of generation capacity could be avoided. In market terms this would reduce the capacity
requirement for the Capacity Payment Mechanism* by 81 MW, with a consequent saving in the annual
capacity payment sum of €6.46 m.

5.2(c) Energy Efficiency — Case 2 — 1% Load Shifting

Moving demand from peak to off-peak periods reduces the overall requirement for generation capacity.
For illustration purposes a scenario where 1% of demand was moved from peak to off-peak was
assessed. In the median demand scenario this resulted in 318 GWh being moved to off-peak periods
and this in turn reduced the plant requirement by approximately 135 MW in 2010. In market terms this
would reduce the capacity requirement for the Capacity Payment Mechanism by 135 MW with a
consequent saving in the annual capacity payment sum of €10.77m. This saving is greater than in the
Lighting Technology Switch scenario as some of the demand reductions in the lighting example occur
at off-peak demand hours.

5.2(d) Loss of DSM benefits

Were the current levels of assistance from DSM set to discontinue, the load would rise at peak winter
times. This would results in increased plant requirements. By 2012 some 60 MW of additional plant
would be required in such an event.

5.3 IMPACT OF PLANT AVAILABILITY

The effect of different plant availability scenarios is illustrated in Figure 5-2, with demand held at the
Median growth level. In the Median and Low availability cases, substantial deficits do not appear until
2011. The situation improves again in 2013 with the benefits of the East-West interconnector and All-
Island assessment. Though this improvement is eroded again in 2014, where all the scenarios except
High availability go into deficit.
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Figure 5-2 Surplus/Deficit results for the Generator-predicted High, Median and Low availability
scenarios, and EirGrid’s Current+ availability scenario, all with Median demand growth

3 2008 fixed cost of a BNE peaking plant is €79.77/kW, taken from the ‘Annual Capacity Payment Sum - Final value
for 2008 published by the All Island Project in August 2007’
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It must be noted that the current poor levels of availability show an immediate deficit of 161 MW in
2008. In the rest of the Current+ availability scenario, the situation never goes into surplus, reaching
an extreme of 736 MW deficit in 2012. As this scenario was derived from recent trends in plant
performance, it is not a scenario which can be dismissed lightly.

Were High availability to be achieved, then there would be no new plant required for the whole of the
forecast period.

5.4 IMPACT OF DIFFERENT CAPACITY CIRCUMSTANCES

The effect of alternative plant situations is now explored, as illustrated in Figure 5-3.

2009-2011
Whole-Winter Extensions to
PB. Gl & TB stations

2009-2014
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v

2013-2014
Delay to major
transmission links

Figure 5-3 Timeline showing when different capacity situations may arise

5.4(a) Whole-Winter Extension of closing ESB Power Generation plant

ESB Power Generation has advised that they will cease operation of Tarbert, Great Island and Poolbeg
power stations beginning in 2008 and finishing in 2010. These potential closure dates are on 31 of
December of the year in question. However if these units were to continue in operation for one extra
quarter year, there would be a security of supply benefit for the Winter in question, as high demands
generally continue through to March.
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Figure 5-4 The effect of extending the lifetime of the closing plant through the whole winter
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Figure 5-4 shows the improvement in the adequacy situation in two scenarios. Over the three relevant
years, 2009-2011, there is an average benefit of 59 MW. This improvement, while positive, would not
be sufficient to return the system to a balanced position if current availability performance persists.

5.4(b) Continued Operation of Great Island and Tarbert stations

Great Island and Tarbert stations comprise 806 MW of generating capacity. If these were not to close
as scheduled, then the surplus/deficit situation would be enhanced, as seen in Figure 5-5. The
magnitude of this benefit reaches 670 MW in 2012 (this impact is lower than 806 MW because of the
scheduled and forced outages associated with this plant.)

Even under the most pessimistic ‘current +’ availability scenario the continued operation of Great
Island and Tarbert could bring this scenario almost into supply demand balance (there would be a
small deficit, see Figure 5-5).
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Figure 5-5 The effect of continuing the operation of Great Island and Tarbert stations, for both median
availability and Current+ availability

5.4(c) High CHP growth

If growth in the CHP sector were to exceed the baseline expectations by an extra 92 MW, and thus
reach the Government target of 400 MW of installed capacity (including Sealrock) by 2014, then there
would be a corresponding benefit to generation adequacy. As shown in Figure 5-7, this benefit rises to
73 MW by 2014.
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Figure 5-6 The effect of increased growth of CHP plant

5.4(d) Delay to the second major transmission link to NI

If the commissioning of the second major transmission link to Nl was delayed beyond 2014, then this
would have a negative impact on generation adequacy of the order of about 200 MW, as shown in
Figure 5-7.
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Figure 5-7 The effect of a delay to the second major transmission link to NI

5.4(e) Delay to East-West Interconnector
If the East-West Interconnector was delayed beyond 2014, then the adequacy situation in 2013 and
2014 would deteriorate by approximately 250 MW.
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5.5 COMPARISON WITH GAR 2007-2013

Comparing Figure 5-8 with Figure 5-9, it can be seen that the outlook for the early years (2008-2011)
has deteriorated since the last generation adequacy report. This is mainly due to the deterioration in
plant availability and indeed the position would have been worse had demand forecasts not
moderated. Both reports concur that 2011 is a year when significant measures will be required to
bridge the capacity deficit. Again the scale of action required has increased. In GAR 2008-2014 it can
be seen that the natural tendency for deficits to increase over time, as demand increases, is arrested
by the forecast movement to All-Island adequacy assessment and the completion of a 500 MW
interconnector to the UK by 2013.
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Figure 5-8 Range of adequacy results from GAR 2007-2013, in the case with two new CCGT’s
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6 KEY MESSAGES

Over the next seven years the generation adequacy situation is dynamic. There are a number of factors
at play which could exacerbate or alleviate security of supply concerns. Examining all these factors
simultaneously, and extracting the most pertinent points from a complicated picture, reveals the
following:

Unless generation availability performance improves significantly next year, from current
substandard levels of 78%, security of supply will be compromised. Availability will need to improve to
at least the generators’ predicted low availability scenario (80% in 2008, 84% in 2009 and 86% in
2010) if security of supply standards are to be met in the period 2008-2010.

Even if this significant improvement in generation availability performance is achieved (from
78% to 86%), there will still be significant generation capacity deficits from 2011. This is to be
expected because of demand growth and other plant closures, and represents an opportunity for the
entry of new conventional generation. Fortunately, there is currently significant investor interest in
such projects.

Wind Power Generation, while offering energy and diversity benefits, can make only a
marginal contribution towards capacity requirements.

Given the potentially unfavourable security of supply position over the next seven years, the
closure of Great Island, Poolbeg and Tarbert stations will have to be managed carefully, and in
particular

Earlier than expected plant closures, or prolonged forced outages, would cause immediate
difficulties.

Security of supply in the critical winter months would be enhanced if Great Island, Poolbeg and
Tarbert stations were withdrawn at winter’s end rather than at the end of the calendar year.
The continued operation of Great Ireland and Tarbert power stations beyond 2010 is one of the
options available to meet the significant generation capacity requirements should new
conventional capacity not be commissioned for 2011.

The difficulties associated with construction of transmission reinforcement projects,
combined with the geographical concentration of new generation capacity, will result in the plant
portfolio being constrained in its ability to meet customer demand until new transmission
infrastructure is built. Investigation into the possibility of mitigating these constraints in the South-
West on an interim basis is of key importance and is being actively investigated by EirGrid.

Energy efficiency and demand side management techniques, including the utilisation of
Smart Metering, should be encouraged as they have the potential to materially improve generation
adequacy in the longer term.

The completion of a second high capacity link to Northern Ireland will allow the generation
adequacy benefits of an All-Island system to be captured, while the completion of an interconnector to
the UK will provide additional security of supply benefits.

Looking forward it is expected that customer demand will continue to grow, notwithstanding
that growth rates are likely to be lower that those experienced over the last decade.
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GLOSSARY

CAPACITY MARGIN

The percentage excess of installed generation capacity (without regard to actual availability) over
annual peak demand.

Installed Capacity 1
Peak Demand

x100

Capacity Margin = [

CAPACITY FACTOR

Capacity Factor = Energy Output

Hours per year * Installed Capacity

FORCED OUTAGE PROBABILITY (FOP)

This is the statistical probability that a generation unit will be unable to produce electricity for non-
scheduled reasons due to the failure of either the generation plant or supporting systems. Periods
when the unit is on scheduled outage are not included in the determination of forced outage
probability.

GENERATION ADEQUACY

The ability of all the generation units connected to the electrical power system to meet the total
demand imposed on them at all times. The demand includes transmission and distribution losses in
addition to customer demand.

GIGAWATT HOUR (GWH)
Unit of energy

1 gigawatt hour

= 1,000,000 kilowatt hours
=3.6 x10"7 joules

GROSS DOMESTIC PRODUCT (GDP)

Value of the output of all goods and services produced within a nation's borders, normally given as a
total for the year. It thus includes the production of foreign owned firms within the country, but
excludes the income from domestically owned firms located abroad.

LOSS OF LOAD EXPECTATION (LOLE) hours/year

The mathematical expectation of the number of hours in the year during which the available generation
plant will be inadequate to meet the instantaneous demand.

MEGAWATT (MW)

Unit of power
1 megawatt

= 1,000 kilowatts

6.
=10 joules / second

PEAK CARRYING CAPABILITY (PCC)

The PCC of the total generation capacity of a system is the measure in MW of the system annual peak
demand which it can meet to a given adequacy standard and with a given annual demand profile.
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PERSONAL CONSUMPTION OF GOODS AND SERVICES (PCGS)

Personal consumption is a measure of consumer spending on goods and services. It includes such
items as food, drink, cars, holidays, etc.

SYSTEM AVAILABILITY

System availability is calculated according to the formula.

D AixCi
S.A. = i=1,n
D ci
i=1,n
where

n = number of generation units in the system

Ai = (1-SODi) x (1 — FOPi)

Ai = Availability of generation unit

SOD/ = Scheduled outage duration of unit , as fraction of year
FOP/ = Forced outage probability of unit i

Ci = Capacity of unit j
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APPENDIX 1

DEMAND FORECAST

GDP GDP PCGS PCGS TER TER TER Peak Transmission

(€m at growth | (€mat Growth  (GWh) Growth | (MW) Peak

constant constant (MW)

2005 2005

prices, prices,

chain- chain-

linked) linked)

Median Demand Forecast
2006 170,760 5.7% 80,823 5.7% 27974 4.9% 4951 4854
2007 177,078 3.7% 84,864 5.0% 28,942 3.5% 5090 4991
2008 183,630 3.7% 88,259 4.0% 29,891 3.3% 5249 5142
2009 190,424 3.7% 90,995 3.1% 30,819 3.1% 5405 5290
2010 197,470 3.7% 93,816 3.1% 31,770 3.1% 5566 5442
2011 204,776 3.7% 96,724 3.1% 32,745 3.1% 5731 5600
2012 212,353 3.7% 99,722 3.1% 33,745 3.1% 5902 5762
2013 220,210 3.7% 102,814 3.1% 34,771 3.0% 6077 5930
2014 228,358 3.7% 106,001 3.1% 35,823 3.0% 6258 6102

Low Demand Forecast
2007 177,078 3.7% 84,864 5.0% 28,942 3.5% 5090 4991
2008 182,745 3.2% 87,240 2.8% 29,766 2.8% 5226 5119
2009 188,592 3.2% 88,898 1.9% 30,561 2.7% 5358 5243
2010 194,627 3.2% 90,587 1.9% 31,371 2.7% 5494 5370
2011 200,855 3.2% 92,308 1.9% 32,196 2.6% 5632 5501
2012 207,283 3.2% 94,062 1.9% 33,039 2.6% 5774 5635
2013 213,916 3.2% 95,849 1.9% 33,898 2.6% 5920 5773
2014 220,761 3.2% 97,670 1.9% 34,775 2.6% 6069 5914

Table A-1 Electricity demand growth forecast from economic projections (based on ESRI forecasts for

this report)
TER Peak (MW) Transmission
Peak (MW

Year TER (GWh) TER Growth

High (GAR 2007-2013 Median Demand Forecast)

2007 29,020 4.3% 5101 5008
2008 30,230 4.2% 5310 5215
2009 31,421 3.9% 5517 5419
2010 32,744 4.2% 5748 5647
2011 33,946 3.7% 5957 5853
2012 35,082 3.3% 6155 6048
2013 36,144 3.0% 6340 6230
2014 37,275 3.1% 6538 6424
Table A-2 The alternative High demand growth scenario, from last year’s Median growth forecast
Year TER (GWh) Peak (MW)

Low Median High Median High
2013 43,850 44,885 46,790 7685 7868 8268
2014 44,868 46,082 48,154 7857 8075 8512

Table A-3 Combined forecast for the All-Island system
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2007 4.3% 3.5%
2008 4.2% 3.3%
2009 3.9% 3.1%
2010 4.2% 3.1%
2011 3.7% 3.1%
2012 3.3% 3.1%
2013 3.0% 3.0%
2014 3.1% 3.0%

Table A-4 Comparison of the median TER growth forecasts from this year’s GAR, and the previous one

2001 20,821 23,511 3905 4 3995
2002 21,208 23,912 4116 122 4335
2003 21,891 24,673 4117 63 4278
2004 22,692 25,581 4230 140 4485
2005 23,751 26,676 4593 86 4777
2006 24,972 27,974 4850 4 4951
2007 25,830 28,942 4991 0 5090

Table A-5 Historical energy and peak, with forecast for 2007

Notes: The Total Electricity Sales are measured at the customer level, for a 52-week year. To convert this
to TER, it is brought to exported level by applying the loss factor (9.3%) and adding on an estimate of
self-consumption.

The Transmission Peak is that met by centrally-dispatched generation, measured at exported level by
the National Control Centre. It does not include the contribution of wind. To calculate the TER Peak,
partially and non-dispatchable generation are added to the Transmission Peak, i.e. the measured
contribution of wind at peak and an estimation of the contribution from small scale hydro, biomass and
CHP (both exporting and self-consuming CHP). When forecasting the transmission peak, it is assumed
that the wind contribution is zero.
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APPENDIX 2 GENERATION PLANT INFORMATION

At yr end: 2007 2008 2009 2010 2011 2012 2013 2014
Fully-Dispatchable Plant

Moneypoint MP1 282.5 282.5 282.5 281.5 281.5 281.5 281.5 281.5
MP?2 287.5 282.5 282.5 281.5 281.5 281.5 281.5 281.5
MP3 282.5 282.5 282.5 281.5 281.5 281.5 281.5 281.5
Poolbeg PB1 109.5 109.5 109.5 0 0 0 0 0
PB2 109.5 109.5 109.5 0 0 0 0 0
PB3 242 242 242 0 0 0 0 0
PBC 460 460 460 460 460 460 460 460
Aghada AD1 258 258 258 258 258 258 258 258
AT1 90 90 90 90 90 90 90 90
AT? 90 90 90 90 90 90 90 90
AT4 90 90 90 90 90 90 90 90
Aghada CCGT ADC 0 0 431 431 431 431 431 431
Sealrock SK3 80.5 80.5 80.5 80.5 80.5 80.5 80.5 80.5
SK4 80.5 80.5 80.5 80.5 80.5 80.5 80.5 80.5
Huntstown HNO, HN1 343 343 343 342 342 341 341 340
Huntstown 2 HN2, HN3 401 401 401 401 401 401 401 401
Marina MRT 112 112 85 85 85 85 85 85
North Wall NW4 163 163 163 163 163 163 163 163
NW5 109 109 109 109 109 109 109 109
Tynagh TY 384 384 384 384 384 384 384 384
Dublin Bay DB1 403 403 403 403 403 403 403 403
Great Island GI1 54 54 0 0 0 0 0 0
GI2 54 54 0 0 0 0 0 0
GI3 108 108 0 0 0 0 0 0
Tarbert TB1 54 54 54 0 0 0 0 0
TB2 54 54 54 0 0 0 0 0
TB3 241 241 241 241 0 0 0 0
TB4 241 241 241 241 0 0 0 0
Edenderry ED1 117.6 117.6 117.6 117.6 117.6 117.6 117.6 117.6
Lough Ree Power LR4 91 91 91 91 91 91 91 91
West Offaly Power W04 137 137 137 137 137 137 137 137
Whitegate CCGT N[ 0 0 0 432 432 431 431 430
Tawnaghmore APC1 | TP1 52 52 52 52 52 52 52 52
Tawnaghmore APC2 | TP2 0 52 52 52 52 52 52 52
Aghada APC AP5 52 0 0 0 0 0 0 0
Rhode APC 1 RP1 52 52 52 52 52 52 52 52
Rhode APC 2 RP2 52 52 52 52 52 52 52 52
Ardnacrusha Hydro AA1,AA2, 86 86 86 86 86 86 86 86
AA3, AA4
Erne Hydro ER1, ER2, 65 65 65 65 65 65 65 65
ER3, ER4
Lee Hydro LE1, LE2, 27 27 27 27 27 27 27 27
LE3
Liffey Hydro LI1, LI2, 38 38 38 38 38 38 38 38
LI4, L15
Turlough Hill TH1, TH2, 292 292 292 292 292 292 292 292
TH3, TH4
NI 200 200 200 200 200 200 2142 2142
EWIC 0 0 0 0 0 0 250 250
Total Fully-Dispatchable Plant 6445 6440 6628 6487 6005 6003 8195 8193
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At year end: 2007 2008 2009 2010 2011 2012 2013 2014
Partially/Non-Dispatchable Plant

Renewable — Wind (ROI) 958 1177 1447 1717 1987 2257 2527 2797
Renewable - Hydro 19 20 21 22 23 24 25 26
Renewable - Biomass 33 42 51 60 69 78 87 96
CHP 113 118 123 128 133 138 143 148
Industrial 9 9 9 9 9 9 9 9
Renewable — Wind (NT) N/A N/A N/A N/A N/A N/A 712 737

Total Partially/Non-Dispatchable 1132 1366 1651 1936 2221 2506 3503 3813

Plant

Grand Total 7577 7806 8279 8423 8226 8509 | 11698 @ 12006
Table A-6 Generation plant capacity, for the base case assumptions. Please note that these capacity figures are
indicative only, as advised by the generating companies. They do not necessarily reflect what is in the generators’
connection agreements.
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Moneypoint

Poolbeg

Aghada

Sealrock

Huntstown
Huntstown 2

Marina
North Wall

Tynagh
Dublin Bay
Great Island

Tarbert

Edenderry

Lough Ree Power
West Offaly Power
Aghada APC
Tawnaghmore APC 1
Tawnaghmore APC 2
Rhode APC 1

Rhode APC 2
Aghada CCGT
Whitegate CCGT

MP1
MP2
MP3
PB1
PB2
PB3
PBC
AD1
AT1
AT2
AT4
SK3

SK4

HNo,
HN1
HN2,
HN3
MRT
NW4
NW5
TY
DB1
GI1
GI2
GI3
TB1
TB2
TB3
TB4
ED1
LR4
W04
AP5
TP1
TP2
RP1
RP2
ADC
WG

Coal/HFO
Coal/HFO
Coal/HFO
Gas/HFO
Gas/HFO
Gas/HFO
Gas/DO
Gas
Gas/DO
Gas/DO
Gas/D0O
Gas/DO

Gas/DO
Gas/D0O
Gas/D0O

Gas/D0O
Gas/DO
Gas/DO
Gas/DO
Gas/DO*
HFO
HFO
HFO
HFO
HFO
HFO
HFO
Peat
Peat
Peat
DO

DO

DO

DO

DO
Gas/DO
Gas/DO

Condensing steam cycle
Condensing steam cycle
Condensing steam cycle
Condensing steam cycle
Condensing steam cycle
Condensing steam cycle
Combined cycle

Condensing steam cycle

Open cycle combustion turbine
Open cycle combustion turbine
Open cycle combustion turbine
Open cycle combustion turbine
(CHP)

Open cycle combustion turbine
(CHP)

Combined cycle

Combined cycle

Combined cycle

Combined cycle

Open cycle combustion turbine
Combined cycle

Combined cycle®®

Condensing steam cycle
Condensing steam cycle
Condensing steam cycle
Condensing steam cycle
Condensing steam cycle
Condensing steam cycle
Condensing steam cycle
Condensing steam cycle
Condensing steam cycle
Condensing steam cycle

Open cycle combustion turbine
Open cycle combustion turbine
Open cycle combustion turbine
Open cycle combustion turbine
Open cycle combustion turbine
Combined cycle

Combined cycle

Table A-7 Information on plant technology for fully dispatchable plant

Notes:

HFO = Heavy Fuel Oil
DO = Distillate Oil

Drum, sub-critical steam
Drum, sub-critical steam
Drum, sub-critical steam
Drum, sub-critical steam
Drum, sub-critical steam
Once through, sub-critical
HRSG

Once through, sub-critical
NA

NA

NA

HRSG

HRSG
HRSG
HRSG

HRSG

HRSG

NA

HRSG

HRSG

Drum, sub-critical steam
Drum, sub-critical steam
Drum, sub-critical steam
Drum, sub-critical steam
Drum, sub-critical steam
Once through, sub-critical
Once through, sub-critical
Fluidised bed

Fluidised bed, drum
Fluidised bed, drum

NA

NA

NA

NA

NA

HRSG

HRSG

HRSG = Heat Recovery Steam Generator (sometimes referred to as a waste heat boiler)
Combined cycle = gas/DO combustion and steam cycle

% Dual firing capability was commissioned in quarter 4, 2005

% This is a single shaft machine
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Water
Water
Water
Water
Water
Water
Water
Water
NA
NA
NA
N/A

N/A
Air
Air

Water
Water
NA
Air
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
NA
NA
NA
NA
NA
Water
Air



Transmission connected

Distribution connected

Ballywater I
Ballywater IT
Booltiagh I
Coomagearlahy I
Derrybrien I
Glanlee I
GolaghI
Kingsmountain I
Meentycat I
Ratrussan I
Subtotal
Ballinlough I
Ballinveny I
Altagowlan I
Anarget I
Anarget II
Arklow Banks I
BealeI

Beale II

Beam Hill I
Beenageeha I
Bellacorick I
Black Banks I
Black Banks IT
Burtonport Harbour I
Caranne Hill I
Cark I

Carnsore I

Carrig I
Coomatallin I
Corneen I

Corrie Mountain I
Crockahenny I
Cronalaght I
Croneleal
Cronelea Upper I
Cuillalea I
Culliagh I
Curabwee I
Curraghgraigue I
Drumlough Hill I
Dundalk IT I
Dunmore I
Gartnaneane I & IT
Geevagh I
Gneeves I
Greenoge I

Inis Mean I
Inverin (Knock South) I
Kealkil (Curraglass) I
Kilronan I
Kilvinane I
Lackan I
Lahanaght Hill I
Largan Hill I
Meenadreen I
Meenanilta I
Meenanilta II
Mienvee I
Milane Hill I
Moanmore I

31.5
10.5
19.45
42.5
59.5
29.8
15
23.75
70.96
70
372.96
2.55
2.55
7.6
1.98
1.1
25.2
1.65
2.55
14
3.96
6.45
3.4
6.8
0.66
3.4
15
11.9
2.55
5.95

4.8

4.98
4.999
2.55
3.4
11.88
4.62
2.55
4.8
0.5
1.7
15
4.95
9.35
4.99
0.675
3.3
8.5

4.5

4.25
5.94
3.4
2.55
2.45
0.66
5.94
12.6
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Moneenatieve I 3.96
Mount Eagle I 5.1
Raheen Barr I 18.7
Richfield I 20.25
Richfield II 6.75
Skehanagh I 4.25
Sonnagh Old I 7.65
Sorne Hill I 31.5
Spion Kop I 1.2
Taurbeg I 25.3
Tournafulla I 7.6
Tursillagh I 15.18
Tursillagh II 6.8
Subtotal 428.324
Grand Total 801.284

Table A-8 Existing wind farms, as of 1 September 2007

Transmission Moneypoint I 21.9 2007

connection Clahane I 37.8 2008
Coomacheo I 41.225 2008
Meentycat II 14 2008
Mountain Lodge I 24.8 2008
Mountain Lodge III 5.82 2008
Atheal 51 2009
Subtotal 196.545

Distribution connection | BealloughlI 1.7 2007
Corkermore I 15 2007
Killybegs I 2.55 2007
Knockastanna I 7.5 2007
Lurganboy I 5.1 2007
Meenachullalan I 11.9 2007
Mountain Lodge II 3 2007
Carriganimma I 15 2008
Crocane I 1.7 2008
Dromdeveen I 10.5 2008
Drumlough Hill I 10.2 2008
Glackmore Hill I 0.6 2008
Glanta Commons I 19.55 2008
Glenshesk I 5 2008
Killacullen I 2.5 2008
Killin Hill I 6 2008
Knockawarriga I 22.5 2008
Loughderryduff I 7.65 2008
Mount Eagle II 1.7 2008
Muingnaminnane I 15.3 2008
Mullananalt I 7.5 2008
Rathcahill I 5 2008
Roosky I 3.6 2008
Tournafulla II 17.1 2008
Carrigcannon I 20 2009
Crowinstown I 4.999 2009
Dunmore II 3 2009
Skrine I 4.999 2009
Ballycadden I 14.45 2010
Knocknalour I 5 2010
Leabeg I 4.25 2010
Lee Strand Co-Operative I 15 2020
Subtotal 269.848

Grand Total 466.393

Table A-9 Wind projects with a signed connection offer, as of 1 September 2007, with their target
connection dates
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APPENDIX 3 SUPPLEMENTARY NOTES ON
METHODOLOGY

LOSS OF LOAD EXPECTATION (LOLE)

A computer program CREEP (Capacity Requirement Evaluation by Exact Probability) is used to calculate
LOLE. With an hourly load model as used in CREEP, the Loss of Load Expectation (LOLE) is the expected
number of hours in the year when the available generation plant is less than the load.

The annual LOLE is the sum of the contributions from each hour. In general:
Expectation = Probability x Outcome

E.g. A 10 MW generation unit has a forced outage probability (FOP) of 1% in hour. In other words,
there’s a 1% probability that the outcome will be ‘failure to meet load of 10 MW’, so

Expectation in hour j = 0.01 x ‘failure’ = 0.01 hours of failure = 36 seconds of failure

The LOLE in hour j is 36 seconds, i.e. in hour j, it is expected that the unit will fail to meet the load for
36 seconds. If the unit and the load maintain the same characteristics over the course of a year, each
hour of the year will contribute 36 seconds to give a total LOLE for the year of:

365 X 24 x 365 = 87.6 hours
The sum of all the hourly expectations of failure gives the annual LOLE in hours.

In reality, a power system will consist of many different generators with different FOPs, and the load
will vary each hour. Consider now the simplest case of a single-system study, with a deterministic load
model (that is, with only one value used for each load), and no scheduled maintenance, so that there is
one generation availability distribution for the entire year. If

Lhd = load at hour h on day d

G = generation plant available

H = number loads/day to be examined (i.e. 1, 24 or 48)
D = total number of days in year to be examined

then the annual LOLE is given by

LOLE = z ZProb-(G < Lh,d)

d=1,D h=1,H
This equation is used in the following practical example.

SIMPLIFIED EXAMPLE OF LOLE CALCULATION

Consider a system consisting of just three generation units, as in Table A-10.

Unit A 10 0.05 0.95
Unit B 20 0.08 0.92
Unit C 50 0.10 0.90
Total 80

Table A-10 System for LOLE example

If the load to be served in a particular hour is 55 MW, what is the probability of this load being met in
this hour? To calculate this, the following steps are followed:
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1) How many different states can the system be in, i.e. if all units are available, if one is forced
out, if two are forced out, or all three?

2) How many megawatts are in service for each of these states?

3) What is the probability of each of these states occurring?

4) Add up the probabilities for the states where the load cannot be met.
5) Calculate expectation.

State Units in Capacity in Probability for Probability = Ability to Expectation

service service (A*B*C) meet of Failure
(MW) 55 MW (LOLE)
demand

1 A B,C 80 0.95*0.92*0.90 = 0.7866 Pass 0
2 B,C 70 0.05*0.92%0.90 = 0.0414 Pass 0
3 AC 60 0.95*0.08%0.90 = 0.0684 Pass 0
4 C 50 0.05*0.08%0.90 = 0.0036 Fail 0.0036
5 AB 30 0.95*0.92*0.10 = 0.0874 Fail 0.0874
6 B 20 0.05*0.92%0.10 = 0.0046 Fail 0.0046
7 A 10 0.95*0.08%0.10 = 0.0076 Fail 0.0076
8 none 0 0.05*0.08*0.10 = 0.0004 Fail 0.0004
Total 1.0000 0.1036

Table A-11 Probability table

The probability for each state to occur is calculated by multiplying together the probabilities for each
generation unit, e.g. for state 5, unit A is available (0.95 probability), unit B is available (0.92
probability), while unit C is forced out (0.10 probability). These are multiplied together to give 0.0874.

Only states 1, 2 and 3 are providing enough generation to meet the demand of 55 MW. All the other five
states fail, so the probabilities for these five states are added up to give a total probability of 0.1036.
So in this particular hour, there is a chance of approximately 10% that there will not be enough
generation to meet the load. It can be said that this hour is contributing about 6 minutes (10% of 1
hour) to the overall LOLE for the year.

This analysis would be carried out for the system to meet the load at every hour of the year, and the
individual contributions added up to get the overall yearly LOLE.

If scheduled maintenance is allowed for, a different generation availability distribution is used for each
hour. Otherwise the procedure is the same.

Peak Carrying Capability (PCC)
PCCis derived as follows. An adequacy standard is specified in terms of LOLE. A new factor, Fp, is
introduced which is multiplied by the load Lhd (for every hour) such that the required LOLE is achieved.

Lhd’ = Fp x Lhd

If the LOLE had been outside standard, then the load would be reduced proportionally until the
available generation could meet it. If the LOLE had been less than the standard, then the load would
be increased until the LOLE equalled the standard.

PCC is defined as the original peak load multiplied by this new factor.
PCC =Fp x Lpeak

The difference between the original peak load and the PCC is the surplus/deficit. The surplus/deficit
therefore describes the difference in magnitude between two load curves in peak terms, however, it is
also a useful indication of the amount of generation plant required to exactly meet the standard.
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APPENDIX 4 ADEQUACY ASSESSMENT RESULTS

Low Current+ -139 -133 -140 -526 -612 -119 -307
Low -10 73 125 -251 -335 137 -83
Median 303 364 396 -9 -59 407 188
High 613 620 637 205 132 593 378
Median Current+ -161 -179 -210 -623 -736 -369 -521
Low -32 28 55 -348 -459 -45 -291
Median 281 319 325 -106 -187 225 -27
High 591 577 566 108 7 410 163
High Current+ -220 -277 -386 -838 -976 -673 -906
Low -92 -79 -119 -564 -700 -423 -708
Median 221 212 149 -322 -437 -154 -437
High 532 469 391 -106 -234 23 -199

Table A-12 The surplus or deficit of plant resulting from the different scenarios studied. A negative
figure (shaded cell) indicates a deficit or shortfall of plant for that scenario, in that year. These
scenarios assume the following:

200 MW reliance on Northern Ireland from 2008-2012

Full All-Island Assessment in 2013-2014

250 MW benefit from EWIC in 2013-2014

Plant closures and openings as notified

DSM at 120 MW

300 MW de-ration for plant in the South West from mid-2010 to end of 2014

Median Median -64 -222

Table A-13 The surplus/deficit results when the second major transmission link to Nl is delayed, and
only 200 MW reliance is placed on Northern Ireland in 2013-2014

Median Median 281 357 395 -45 -187 225 -27
Current+ -161 -142 -158 -525 -736 -369 -521

Table A-14 The surplus/deficit results when PB 1&2, Gl and TB stations are extended to include the
‘Whole-winter’

Median Median 281 497 608 548 483 895 634
Current+ -161 -7 62 5 -83 275 128
Table A-15 The surplus/deficit results when Gl and TB stations continue in operation
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