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EXECUTIVE SUMMARY

Background

In March 2014 the Irish Wind Energy Association (IWEA) published a report
commissioned from Pöyry Management Consulting (Pöyry) and Cambridge Econometrics
(CE), The Value of Wind Energy to Ireland.  This report complements and updates the
original 2014 study, utilising the same core wholesale market modelling framework and
assumptions to answer two new questions.

§ How does the prospect of significant electricity load growth linked to data centre
activity affect the value of wind energy to Ireland?

§ Is there value in the wind sector adding additional capacity (beyond its current 2020
target) to insure against potential shortfalls in renewable heat and renewable
transport production and secure the binding national target of 16% renewable energy
consumption in 2020?

Approach

In answering each question, we look at two scenarios:

§ a baseline scenario where no new wind capacity is deployed in Ireland beyond that
already committed by 2013; and

§ a higher wind scenario that delivers additional wind capacity at least sufficient to meet
the Irish Government’s target of 40% of electricity generation from renewable sources
by 2020.

We then compare the direct electricity market effects from each scenario in terms of
prices and costs to consumers, import dependence and security of supply, and carbon
emissions.  The main measures are:

§ the savings or cost per household of meeting Irish electricity demand through higher
wind capacity in 2020;

§ the savings or cost on the average domestic electricity bill in 2020;

§ the cumulative carbon savings between 2013 and 2020;

§ the change in fossil fuel imports of gas, coal and oil for power generation in 2020; and

§ the change in the Irish energy balance of payments (how much Ireland receives or
pays for the energy and fuel it exports or imports) in 2020.

Overview of scenarios

In total we have five scenarios that differ in the wind capacity deployed by 2020 and
whether there is new electricity demand from data centres.  Two were developed for the
original 2014 study, the other scenarios are new. The key characteristics of these
scenarios are summarised in Table 1.

§ Minimum Wind Ambition (MWA) – our 2014 baseline scenario where no additional
wind capacity is built beyond that already committed in 2013;

§ Domestic Wind Ambition (DWA) – where additional wind capacity is deployed to
meet the 40% Renewable Electricity target in Ireland;

§ Domestic Wind Ambition Plus (DWA+AW) – where additional wind capacity
beyond the 40% RES generation target, equivalent to 3% of final energy
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consumption, is deployed to meet a potential shortfall in meeting the heat and
transport contribution to Ireland’s EU 16% renewable energy consumption target;

§ Minimum Wind Ambition plus data centre load (MWA+DC) – where no additional
wind capacity is built beyond that already committed in 2013 and 900MW of new data
centre load emerges between 2015 and 2017; and

§ Domestic Wind Ambition plus data centre load (DWA+DC) – where additional
wind capacity is built to meet the 900MW of new data centre load that emerges
between 2015 and 2017 and the 40% Renewable Electricity  target is met.

Table 1 – Summary of scenarios

Scenario Part of 2014
report?

RoI wind capacity in
2020 (MW)

Demand with/without data
centre load

MWA Yes 19301 Without

DWA Yes 3781 Without

DWA+AW No 5281 Without

MWA+DC No 19301 With

DWA+DC No 4683 With
1 At the time of writing, this capacity figure has already been exceeded in Ireland – latest data indicates 2263MW of installed
capacity at the end of 2014 – but the analysis has been undertaken using the original data assumptions which were
finalised in Q4 2013.

How does the prospect of significant electricity load growth linked to
data centre activity affect the value of wind energy to Ireland?

Ireland is seen as a favourable location for energy intensive data centre businesses, as
evidenced by the recent announcement from Apple of its decision to locate one of two
European data centres in County Galway.  The nature of their electricity consumption,
adding to night time demand, has also been seen as a potential benefit in the integration
of wind and Ireland's increasingly wind generated low carbon electricity system is a major
attraction for many of these companies, which can enable Ireland to attract further
investment.

In its forward planning, EirGrid, the electricity system operator, has suggested that a
threefold increase in data centre activity is realisable and has already identified a queue of
up to 1000MW of new data centre load by 2020.  Our scenarios, MWA+DC and
DWA+DC, both have an additional 900MW of data centre load by 2020, which would
increase Ireland’s electricity demand by around 20%.

The key finding of the analysis is that:

Irish electricity consumers will save up to €33 per household if we build
enough wind farms to meet 40% of rapidly growing demand.  This saving
takes full account of the cost of building more grid for the wind, the cost of
the fixed price REFIT wind contracts, and the costs for balancing and
backing up the wind farms when the wind isn’t blowing.
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Consumer costs fall

When the wind is blowing, there is no need for more expensive peaking plant to run, so on
average adding wind farms tends to push down the wholesale price of electricity (this is
sometimes called the merit order effect).  Specifically our modelling shows that the growth
in wind capacity lowers the wholesale electricity price by around €3/MWh in 2020 leading
to a reduction of €108m in the total cost of buying wholesale electricity to meet Irish
demand in that year, as shown in Table 2.

But the wholesale price is just one component of consumers’ annual electricity bill.  Wind
farms require new grid investment.  The extra costs for this are spread over 40 years and
come to around €21m per annum by 2020.  It is also true that wind farms require
additional balancing and backup plant (known as DS3 by the system operator).  These
costs come to around €37m per year by 2020.  That still leaves a net saving for
consumers of around €43m (or €26 per household per year).  An interesting side
effect of building more wind farms is that the system actually has a higher security than
one with less wind. This so called “capacity margin” provides up to an additional €12m of
benefit that is not directly seen in customer bills, but which will reduce or delay the need
for further investment in conventional fossil fuel plant.

Table 2 – Comparison of costs in 2020 (MWA+DC and DWA+DC)

Scenario Cost of wholesale
electricity (MEUR)

Wind support cost
(MEUR)

Grid
development
cost (MEUR)

DS3 cost
(MEUR)

Total cost
per scenario
(MEUR)

MWA+DC 3301 43 31 0 3375

DWA+DC 3193 50 52 37 3332

Difference
with wind

-108 7 21 37 -43

The energy balance of payments improves

By expanding wind capacity, an extra 10 TWh of domestic, low-carbon generation is
delivered to the Irish system by 2020.  This reduces the need to import coal and gas as
input fuels for the thermal generators and the reliance on imports from interconnected
markets.  In this way, the growth of wind lowers the very high fuel import dependency of
the Irish economy and leads to an improvement in the overall energy balance of
payments.

The 4500MW of wind implied by this scenario provides a net saving per
household in 2020 of between €26 and €33, dependent on the value of the
security of supply contribution.

The average annual domestic electricity bill in 2020 would be €8 lower than
relying on the existing generation fleet and imports from GB.
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Carbon emissions fall

Is there value in the wind sector adding additional capacity (beyond its
2020 target) to insure against potential shortfalls in renewable heat
and renewable transport production?

Ireland has a binding commitment under the EU Renewable Energy Directive to deliver
16% of final energy consumption from renewable sources by 2020.  If it fails to meet these
targets, then the government may be subject to infringement proceedings by the
European Commission and may face financial penalties for non-compliance.  DCENR has
noted that the estimated cost to Ireland may be in the range of €100 million to €150 million
for each percentage point Ireland misses the target by.

To achieve this target, we need to see growth in renewable energy not only in the
electricity sector but in the transport and heat sectors.  Since there is an abundant wind
resource and a very strong pipeline, there is potential value in the wind sector exceeding
its electricity target to insure against shortfalls from other sectors.  Even if there is no
shortfall, there remains the potential for Ireland to trade additional renewable production to
other European countries through ’statistical transfers’.

What this means is that, if there are minimal adverse electricity market effects from
expanding capacity, then there is very little downside for government – it insures against
shortfalls or has potential revenues from cross-border trades.

The key finding is that:

Building new wind to meet EU targets and to match increased demand
(including data centres) reduces total power system CO2 emissions by 19%
compared with doing nothing.

The CO2 Intensity of the electricity system measured in gCO2/kWh is reduced
from 343 gCO2/kWh to 262 gCO2/kWh a reduction of 24%.

The reduction in import dependence has a positive effect on the energy
balance of payments which would improve by 30%, and leads to a reduction
in net import expenditure of over €450m in 2020 (relative to the amended
baseline).

Without new wind generation capacity, fossil fuel imports increase by 11% to
meet the extra demand.  New wind capacity avoids this trend, reducing
import dependence and lowering fossil fuel imports in 2020 by 20% (i.e.
reducing the fossil fuel import bill for electricity from €1.5bn to €1bn).
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Consumer costs fall

Even without new data centres emerging, electricity demand is expected to increase in
Ireland to 2020.  And, as in the answer to the previous question, without new wind
capacity, increased demand on the system leads to suppliers and consumers facing rising
wholesale prices for electricity.  By exceeding its domestic target and providing for an
additional 3% of final energy consumption, extra wind capacity lowers the wholesale
electricity price by €4/MWh in 2020 leading to a reduction of €120m, or 5%, in the total
cost of buying wholesale electricity to meet Irish demand in that year, as shown in Table
3.

The higher levels of wind deployed – and additional over 3350 MW by 2020 – means a
significant rise in the other consumer costs on the system.  Around half of the saving is
lost through a €60m increase in grid development and system services (DS3) costs to
integrate wind, and a further €50m is required to support the deployment of an additional
3350MW of wind capacity.  Despite these higher costs, there is still a net saving from
exceeding Ireland’s wind generation target of €10m in 2020, equivalent to around €6 per
household.  As there is more capacity on the system, the capacity margin also increases
and this may provide up to an additional €10m of benefit to the Irish economy that is not
seen in customer bills.

Table 3 – Comparison of costs in 2020 (MWA and DWA+AW)

Scenario Cost of wholesale
electricity (MEUR)

Wind
subsidy
(MEUR)

Grid
development
cost (MEUR)

DS3 cost
(MEUR)

Total cost per
scenario
(MEUR)

MWA 2666 44 31 0 2742

DWA+AW 2546 94 55 37 2731

Difference
with wind -120 50 24 37 -11

If the wind sector can deploy a further 1500MW of capacity then there is a
net saving per household of between €6 and €13 in 2020.

Lower wholesale prices result in an average domestic electricity bill being €2
lower in 2020 compared to the minimum wind baseline.

By promoting wind growth beyond the 40% domestic renewable electricity
target, Ireland would insure itself against anticipated shortfalls in delivery of
the heat and transport targets.  DCENR have noted that the cost of failing to
meet the 16% renewable energy target domestically is estimated to be
around €100m – €150m for each percentage point.  This study shows that
exceeding targets is a ‘no regrets’ policy as it leads to lower consumer bills
irrespective of its need to meet the 16% target.
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The energy balance of payments improves

The higher domestic generation and lower wholesale prices have similar impacts on the
energy balance of payments as seen in the data centre case.  The growth of wind lowers
the very high fuel import dependency of the Irish economy and leads to an improvement in
the overall energy balance of payments.

Carbon emissions fall with a further reduction in carbon intensity

Table 4 – Summary of results

The Impact of data
centre load

Exceeding domestic
wind targets benefits
Irish consumers

Saving (cost) per household in 2020, EUR €26 - 33 €6 – 12

Carbon emissions saved by 2020 (mtCO2) 7.5 11.3

Improvement in energy balance of payments,
2020, MEUR

€457 €490

Reduction in fossil fuel imports in 2020 (%) 19% 28%

Carbon intensity gCO2/kWh of electricity
system

262 (reduction of 24%) 217 (reduction of 33%)

Imported fossil fuel demand is reduced, falling to 72% of the levels expected
with no wind build by 2020.

An improvement of €490m, or almost 50%, in the energy balance of
payments position of the Irish economy is realised in 2020.

Total carbon emissions from the power sector are 11.2 MtCO2 lower over the
period 2013 to 2020, with the carbon intensity of the electricity system falling
from 324 gCO2/kWh to 217 gCO2/kWh a reduction of 33% in 2020.
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1. INTRODUCTION

1.1 Background

In March 2014 the Irish Wind Energy Association (IWEA) published a report
commissioned from Pöyry Management Consulting (Pöyry) and Cambridge Econometrics
(CE), The Value of Wind Energy to Ireland.  The report examined the impact on the
electricity market and wider economy of various pathways for wind development in
Ireland.

This new report complements the 2014 report, using the same modelling framework and
wholesale market assumptions as the original, but focussing only on the electricity market
effects of two further scenarios of wind deployment.

Whereas the original study was concerned with the effect of meeting the Irish
government’s renewable electricity target of 40% of electricity generation from renewable
sources by 2020, the scenarios in this report address current issues in the Irish energy
sector – the prospect of significant electricity load growth driven by expansion of data
centre business in Ireland; and, the challenge of meeting Ireland’s overall Renewable
Energy Target of achieving 16% of final energy consumption (across electricity, heat and
transport) from renewable sources by 2020.

Essentially, the report asks two key questions.

§ How does the prospect of significant electricity load growth linked to data centre
activity affect the value of wind energy to Ireland?

§ Is there value in the wind sector adding additional capacity (beyond its 2020 target) to
insure against potential shortfalls in renewable heat and renewable transport
production?

As in the previous study, we take a fundamental market modelling approach to assess the
impact of wind development in Ireland in the SEM and GB electricity markets.  To
undertake the analysis, we used our internally developed market model, BID3.  BID3 is an
economic dispatch model based around optimisation. The model balances demand and
supply on an hourly basis by minimising the variable cost of electricity generation. The
result of this optimisation is an hourly dispatch schedule for all power plant and
interconnectors on the system1.  It takes account of all network infrastructure costs and
ensures the security of supply standard is maintained.

1.2 Future wind scenarios

To answer these questions we have investigated five scenarios that differ along two
dimensions – wind generation deployed to 2020 and electricity demand growth.  Two of
these scenarios were developed for the original 2014 study and are included here for
comparative purposes:

§ Minimum Wind Ambition (MWA) – where no additional wind capacity is built beyond
that already committed in 2013; and

1 For the purposes of this study Pöyry has assumed a 75 per cent limit on the system non-
synchronous penetration (SNSP) in SEM. This effectively means that non-synchronous
generation could not contribute to more than 75 per cent of supply at any given time due to
system operational security reasons (eg, maintaining system inertia).
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§ Domestic Wind Ambition (DWA) – where additional wind capacity is deployed to
meet the 40% RES generation target in Ireland.

The other scenarios are new and have been constructed specifically for this report:

§ Domestic Wind Ambition Plus (DWA+AW) – where additional wind capacity
beyond the 40% RES generation target is deployed to cover any potential shortfall in
meeting Ireland’s 16% renewable energy consumption target;

§ Minimum Wind Ambition plus data centre load (MWA+DC) – where no additional
wind capacity is built beyond that already committed in 2013 and 900MW of new data
centre load emerges between 2015 and 2017;

§ Domestic Wind Ambition plus data centre load (DWA+DC) – where additional
wind capacity is built to meet the 900MW of new data centre load that emerges
between 2015 and 2017 and the 40% RES generation target is met.

The key characteristics of these scenarios are summarised in Table 5 and the comparison
of wind capacity and demand between scenarios is further highlighted in Figure 1 and
Figure 2 respectively.

Table 5 – Summary of scenarios

Scenario Part of 2014
report?

RoI wind capacity in
2020 (MW)

Demand with/without data
centre load

MWA Yes 19301 Without

DWA Yes 3781 Without

DWA+AW No 5281 Without

MWA+DC No 19301 With

DWA+DC No 4683 With

1 At the time of writing, this capacity figure has already been exceeded in Ireland – latest data indicates 2263MW  of
installed capacity at the end of 2014 – but the analysis has been undertaken using the original data assumptions which
were finalised in Q4 2013.
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Figure 1 – Comparison of installed wind capacity in RoI (MW)

Figure 2 – Comparison of demand growth across scenarios in RoI (TWh)
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1.2.1 Other assumptions

It is recognised that there have been changes within the energy sector in Ireland since the
last report and that new information is continuing to emerge on future market design
choices.  However, to assist in comparison with previous results, the wholesale market
modelling for the new scenarios has been undertaken using the market representation
and input assumptions applied in the 2014 study (see Annex A).

This includes retaining the original views on commodity and carbon price curves, known
closure and entry decisions, and views on the future operation of the Single Electricity
Market (SEM) at the time (Q4 2013).  Assumptions have not been updated to reflect
observed movements in underlying market conditions or new information on potential
market design changes linked to I-SEM implementation.

Whereas the original study looked out to 2030, this report is focussed on the near-term
and only considers the period to 2020.

In 2014, we noted that there was uncertainty over the level, timing and need for EirGrid’s
planned investment programme, as well as a lack of transparency over the level of future
system services costs.  For this report we have updated some of our assumptions
regarding the grid development and integration costs arising as a consequence of
connecting up to 5000 MW of wind capacity.  In particular:

§ while we continue to assume that 40% of planned network investment cost is
specifically wind-related, EirGrid’s total investment by 2020 is now expected to be
lower than previously thought, at €1.05bn2;

§ gross DS3 costs were assumed to be €355m per annum in the SEM when
renewables targets were met, compared with €60m in our baseline with no additional
wind build.  More recent estimates have put the total incremental cost of DS3
between 2013 and 2020 at €535m3.

To ensure comparability, the original MWA and DWA scenarios have also been updated
to reflect these revised cost assumptions and reported costs reflect these changes.

1.2.2 Structure of this report

This remainder of this report is structured as follows:

§ Section 2 presents analysis of the impact of higher demand (based on data centre
growth) on the electricity system with and without further wind generation deployment;

§ Section 3 assesses the effect of exceeding the domestic renewable electricity target;
and

§ Section 4 summarises key messages from the report.

1.3 Conventions
§ All monetary values quoted in this report are in euros in real 2012 prices, unless

otherwise stated.

§ Annual data relates to calendar years running from 1 January to 31 December, unless
otherwise identified.

2 The total investment cost is still expected to be €1.4bn, but only 75% is anticipated by 2020.
3 See IPA (July 2014), Economic Appraisal of DS3 System Services
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1.3.1 Sources

Unless otherwise attributed the source for all tables, figures and charts is Pöyry
Management Consulting.
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2. THE IMPACT OF DATA CENTRE LOAD
Ireland already has over 200MW of data centre load on the system.  The continued
attractiveness of Ireland as a location for energy intensive data centre businesses is also
evident in recent developments, such as Apple’s announcement in February 2015 of its
decision to locate one of two European data centres in County Galway.

EirGrid highlighted in its 2013 Generation Capacity Statement4 that favourable conditions
for such businesses in Ireland mean that there is potential for much larger future demand
growth.  The extent of this is uncertain but, globally, estimates indicate a potential
threefold increase in data centre electricity demand driven by Cloud computing needs.
EirGrid anticipates that similar growth is replicable in Ireland, and has already noted that
there is up to 1000MW of data centre load in the ‘queue’ for connection5.

A key question is whether the delivery of Ireland’s wind generation capacity is beneficial in
the face of a step change in national electricity demand?  To answer the question, we
need to consider two new scenarios of the electricity market that incorporate a material
growth in electricity demand:

§ an amended baseline scenario (MWA+DC), where no additional wind is built beyond
2014; and

§ an amended domestic wind ambition scenario (DWA+DC) that increases the wind
capacity in Ireland to 4680MW to meet the data centre demand and continue to
achieve the 40% 2020 renewable target (against a higher overall electricity demand).

To highlight the impact, we have assessed a growth in demand from data centres
equivalent to around a 20% increase in annual electricity consumption in Ireland by 2020,
based on a combination of Eirgrid information and IWEA estimates.  The demand growth
consists of a step change of 900MW spread over three years (from 2015 to 2017)
operating at high (80%) load factors and with a flat demand profile, in line with load factor
and demand profile assumptions from Eirgrid’s 2013 Generation Capacity Statement4.

2.1 SEM generation

Figure 3 shows how generation patterns within the SEM change to support the higher
demand on the system.  As in the original baseline (MWA), demand growth in the
amended baseline (MWA+DC) is partially met by an increase in the output of the thermal
generation capacity already connected to the system.  This on its own is insufficient to
meet the total system demand that has increased from 39.9TWh to 46.6TWh by 2020 as a
consequence of the extra load.  As described later, the residual shortfall in both versions
of the baseline is met by an increase in imports as this is a more cost effective way of
meeting the demand than utilising higher cost generation within the SEM.

In contrast, if wind capacity increases to meet domestic renewable targets, an extra 10
TWh of wind generation is delivered by 2020, substituting for both thermal generation and
imports.  As would be expected, the increasing proportion of wind generation in the mix
reduces the carbon intensity of generation in the SEM – by 2020, the carbon intensity

4 http://www.eirgrid.com/media/All-Island_GCS_2013-2022.pdf
5 “Data Centre Access to the Irish Power System” (Dr John Ging, EirGrid)

http://www.datacentres-ireland.com/wp-content/uploads/2013/11/John-Ging-Data-Centers-
access-to-the-Irish-Power-System.pdf
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from meeting wind targets would, at 261tCO2/kWh, be 24% lower than the amended
baseline, as shown in Figure 4.  This reduction can be a key enabler for securing further
demand that wishes to locate to a low carbon electricity system.

Figure 3 – SEM generation
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Figure 4 – SEM carbon intensity comparison (MWA, MWA+DC, DWA+DC)

2.1.1 Interconnector flows

As mentioned, higher demand in the SEM affects both domestic generation and import
demand.  Since no new thermal capacity is built under any of our scenarios by 2020,
demand growth naturally starts to increase reliance on imported electricity, especially
where this is more cost effective than relying on older, less efficient generating units within
the SEM.  With the additional load emerging through the data centres, this import reliance
asserts itself relatively quickly and the net import is soon as large as in 2013, as shown in
Figure 5, with consequent impacts on the energy balance of payments.

While the wind generation cannot fully reverse this trend, it does significantly reduce the
effect – net imports by 2020 are only 0.7 TWh when we have the additional wind capacity,
compared to 4.2 TWh under the amended baseline scenario.
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Figure 5 – Net electricity exports from the SEM

2.1.2 System capacity margins

The peak capacity margin depicted in Figure 6 tightens across all three scenarios and
more so in the scenarios with additional demand growth, most noticeably in the MWA+DC
scenario.
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Figure 6 – SEM Derated capacity margins (%)

The SEM security standard is protected6, due to the excess capacity currently available in
the market.  However, the security margin by 2020 is stronger in the scenario with wind, at
20%, than the amended baseline, at 13%, due to the growth in wind capacity assumed.
While there are short-term variations in the capacity margins, we would not expect these
to persist as a tightening market should provide price signals for new investment.  In the
original 2014 study, new CCGT investment occurred in the MWA scenario in 2024, and
this may occur earlier with higher demand from data centres.

2.2 Consumer costs

We have assessed the effect on consumer costs in several stages, to differentiate the
various types of cost or benefit:

§ the impact on wholesale electricity prices faced by suppliers – in which we include the
demand-weighted average system marginal price (SMP) and the supplier capacity
charge;

§ the impact on average household bills – this calculates the total bill for a household
with average electricity consumption of 5300 kWh and so takes into account the
additional costs on consumers of meeting charges for future grid development, new
system services and ongoing wind market support payments; and

6 The security of supply standard in the model allows for contribution from interconnectors and
the security standard of 8 hours of loss of load probability is protected across our scenarios.
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§ the net cost per household – this is the net cost or saving associated with the wind
deployment per household.  It differs from the average household bill in two ways.  It
adjusts the wholesale and network costs for wider societal impacts such as changes
in observed security of supply and it assumes all costs are borne by households
whereas in reality some will be met by business consumers.

2.2.1 Wholesale prices

The additional demand from new data centres can be met in the period to 2020 from a
combination of existing generation within the SEM and imports.  However, because this
relies on consuming higher cost generation or imports, the supplier wholesale price rises
compared to the original baseline scenario.  The extent of the increase varies across the
period analysed, but ranges from 2 to 4€/MWh, with the difference being 2€/MWh in 2020.

By contrast, through meeting the domestic renewable electricity target, a beneficial ‘merit
order’ effect (where wind generation replaces more expensive generation options,
reducing the short run cost of system operation) lowers the wholesale price faced by
suppliers by up to 3€/MWh in 2020 relative to the amended baseline, as shown in Figure
7.

Figure 7 – Supplier wholesale prices (EUR/MWh)

2.2.2 Retail prices

Higher wind generation requires additional investment in grid reinforcement and system
services than a system based on thermal generation and interconnection.  In the original
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study, these additional costs counterbalanced the merit order effect with the consequence
that average consumer bills were slightly higher if domestic wind ambition was met7.

What we find with the higher demand scenario is that, because of the stronger upward
pressure on wholesale prices without any new wind capacity, the additional costs of
integrating the wind are lower than the wholesale price effect.  The average household
bill, shown in Figure 8, falls marginally between the two scenarios (by around €8) in 2020
when Ireland delivers on its renewable electricity targets through wind.  The wind capacity
in Ireland reduces the electricity prices for consumers compared to a situation when it was
not built.  In all cases, the vast majority of the bill consists of wholesale electricity costs,
network charges and supply (retail) costs.  Wind support costs8 and the incremental
investment and system services costs account for only 2% of the total bill.

Figure 8 – Impact on average consumer bills

2.2.3 Net cost per household

The total direct costs and savings of any future wind deployment programme – wholesale
price changes, incremental network costs and wind market support payments – have
been modelled and are shown in Table 6.  In 2020, the total cost to consumers of meeting
demand in the amended baseline is €3375m, which is €43m greater than the cost of the
same system where renewable electricity targets are met.  This is a benefit per household
from meeting the 2020 wind target of €26 per household.

7 It should be noted that this slight increase was offset by an increase in disposable income,
based on the macroeconomic benefits of wind energy to the wider Irish economy.

8 The market support mechanism in Ireland is facilitated via the REFIT schemes which is
subject to market condition and is levied as part of the PSO obligation.
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However, this figure only captures the direct costs that a consumer faces in their bill.
There are other potential benefits to society that are not captured in the consumer bill.  In
particular, the higher capacity margins observed in the wind deployment scenarios provide
additional security of supply to the Irish economy.

The real value to Irish consumers of a higher capacity margin comes in the form of a lower
risk of interruptions to supply.  The standard approach for quantifying this risk is to
compare a measure called expected unserved energy (EUE) under each scenario.  A
lower EUE figure implies a less risky system.  The value of this reduction in EUE is
determined by multiplying the reduction in EUE by the Value of Lost Load (VoLL) for
consumers in Ireland.

A full assessment of EUE was not part of this or the original study and therefore a
definitive societal value of the higher margin cannot be assessed.  Instead, we have
developed a proxy of the maximum potential benefit from existing sources.

In its 2015 Generation Capacity Statement, EirGrid reports the EUE it assumes is
associated with the 8 hour loss of load security standard as 34.5MWh per TWh of
demand.  In 2020, with the new data centre load, total system demand is around 36 TWh
implying a potential EUE of 1245 MWh.

As the relationship between capacity margin and unserved energy is non-linear, we do not
know what proportion of this EUE is mitigated by a higher de-rated margin.  However,
since all scenarios at least meet the current security standard, we know it can only be a
maximum of 1245 MWh.

There are various estimates of VoLL to calculate the security of supply benefit.  For this
analysis we have used a CER/NIAUR figure9 of €10,000/MWh, which implies an additional
security supply value to the Irish economy from higher capacity margins of up to €12.5m
in 2020.

If the cost of additional wind were adjusted for this figure, then the system saving could be
as high as €55m with savings per household from building additional wind capacity as
high as €33 EUR in 2020.

9 AIP-SEM-07-484 http://www.allislandproject.org/GetAttachment.aspx?id=27ca9930-8e75-
4abc-b5f0-2e1d50869aaf



FUTURE WIND SCENARIOS AND ELECTRICITY MARKET EFFECT IN IRELAND

March 2015
The Value of Wind Energy to Ireland_v300

20

PÖYRY MANAGEMENT CONSULTING

Table 6 – Net system cost per household in 2020

Scenario Cost of
wholesale
electricity
(MEUR)

Wind
support
cost
(MEUR)

Grid
development
cost (MEUR)

DS3 cost
(MEUR)

Total cost
per
scenario
(MEUR)

Net cost of
wind build
(MEUR)

MWA+DC 3301 43 31 0 3375

DWA+DC 3193 50 52 37 3332

-43

Number of
households

1658234

Cost per
household
(EUR)

-26.1

Security of
supply benefit
(max), MEUR

12.4

Adjusted cost
per
household
(EUR), Max

-33.6

2.3 Energy balance of payments

With no new wind build, further dependence on electricity imports and domestic fossil fuel
generation quickly leads to a deterioration in the energy balance of payments.  Fossil fuel
(coal, gas and oil) import costs rise from €840m in 2013 to over €1.5bn in 2020.  The
effect of servicing the higher domestic demand all but removes net export revenues,
which are estimated at €10m in 2020 compared to €292m if there was no demand growth.
Overall, the net effect of meeting increasing demand with no new wind build would be a
worsening of the Irish energy balance of payments in 2020 by around €400m (or 37)%.

Additional wind capacity enables the economy to continue to reduce its fossil fuel import
bill and to maintain reasonable net export revenues.  This is shown in Figure 9.  By relying
on domestic wind generation, the total fossil fuel bill for Irish generators is reduced by
around 18% in 2020 relative to the amended baseline and net exports of electricity at
€176m are 16 times higher than when there is no new capacity built.  The total energy
balance of payments deficit falls by around a third, freeing up funds for domestic
expenditure.
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Figure 9 – RoI energy balance of payments (total and electricity only)

2.4 Carbon emissions

Without new low-carbon generation, higher demand inevitably leads to a rise in carbon
emissions from the power sector, as shown in Figure 10.  By 2020, actual emissions
would still be higher than in 2013, increasing the challenge for Ireland to deliver longer-
term emission reductions.  Higher wind generation sustains Ireland’s longer-term
ambitions, with annual emissions 18% below 2013 levels in 2020.
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Figure 10 – Comparison of CO2 emissions (mtCO2 per annum)

2.5 Key messages

The key finding is that meeting domestic wind ambition avoids costs that a minimum
wind response to higher demand would impose on the Irish electricity system.

§ The additional 2750MW of wind implied by this scenario has a net saving per
household in 2020 of up to €33, and ensures Ireland is not exposed to estimated
costs of €100-150m per percentage point it misses the overall renewable target.

§ The average annual domestic electricity bill in 2020 would be €8 lower than relying on
the existing generation fleet and imports from GB.

§ Without new generation capacity, fossil fuel imports increase by 11% to meet the
extra demand.  New wind capacity avoids this trend, reducing import dependence and
lowering fossil fuel imports in 2020 by 20%.

§ The reduction in import dependence has a positive effect on the energy balance of
payments which would improve by 30%, a reduction in net import expenditure of over
€450m by 2020.

§ Without new wind a heavier reliance on fossil fuel generation leads to rising carbon
emissions.  Delivering on wind capacity and meeting renewable electricity targets
saves 7.5 MtCO2 over the period 2013-2020, with an associated 24% reduction in the
carbon intensity of the electricity system in Ireland.
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3. EXCEEDING DOMESTIC WIND TARGETS BENEFITS
IRISH CONSUMERS

The Irish government has an obligation under the binding EU Renewable Energy Directive
to ensure that 16% of the Irish economy’s final energy consumption is from renewable
sources by 2020.  The most recent information published by SEAI10 shows that, by the
end of 2013, renewable energy accounted for 7.8% of final energy consumption,
highlighting that there remains a long way to go to meet the target.

The contribution from the power sector towards this obligation is 40% of electricity from
renewable sources by 2020 and we assessed the electricity market effect of delivering this
in the 2014 study (with average electricity demand growth) and in the previous section
(with high demand growth from data centres).

However, to meet the overall consumption target, substantial growth in the use of
renewable energy is also required in the heat and transport sectors, which have less
established renewable sectors.  In its February 2015 report, the SEAI noted that, due to
the complex rules around the certification of advanced biofuels for transport, it may be
necessary to exceed targets in one or more of the sectors to ensure the overall RES
target is met.  The previous year’s report had also noted that the rate of growth in
renewable heat would need to more than double between 2013 and 2020 to meet its
expected contribution.

The immediate challenges facing these sectors represent a risk to the Irish government as
financial penalties could be imposed by the EU Commission on Member States for failing
to meet their 2020 renewable energy target.  The Sustainable Energy Authority of Ireland
(SEAI) has estimated that the cost to Ireland may be in the range of €100 million to €150
million for each percentage point Ireland misses the target by.

Resulting from Ireland’s abundant natural wind resource and the relative maturity of the
industry, there is a healthy pipeline of wind generation projects that could enable Ireland
not only to meet its 40% target but deliver additional capacity.  Following the ‘Gate 3’
process, evidence from EirGrid’s most recent Generation Capacity Assessment11

indicates that an additional 3940 MW of wind projects are contracted or planned in Ireland
which, if all realised, would mean almost 6000 MW of wind capacity in Ireland.

Installing additional capacity could act as insurance against under-delivery in other sectors
or, if other sectors deliver to target, there may be potential to trade excess renewable
generation between Member States through the European Commission’s statistical
transfer scheme.

While expanding wind generation may reduce the risk of infringement proceedings in
Ireland or elsewhere, this benefit needs to be considered alongside the direct effects on
the electricity market.  To analyse this we consider the impact of an additional 1500MW of
wind capacity by 2020, which is equivalent to meet 3% of the 16% final energy
consumption target.

10  Renewable Energy in Ireland 2013 (February 2015 Report)
http://www.seai.ie/Publications/Statistics_Publications/Renewable_Energy_in_Ireland/Renew
able-Energy-in-Ireland-2013-Update.pdf

11 http://www.eirgrid.com/media/Eirgrid_Generation_Capacity_Statement_2015.-2024.pdf
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3.1 SEM generation

Figure 11 shows how generation patterns within the SEM change as more wind is
deployed on the system.  Even if there is no new wind build, total generation increases out
to 2020.  However, around half of the growth in generation (around 3 TWh) is from fossil
fuel sources.

Growth in wind capacity changes this position materially – the additional wind capacity
enables wind generation to more than double by 2020 from 6.4 TWh under the baseline
MWA scenario, to 13.9 TWh if the 2020 target is met and to 16.9 TWh (or over 42% of
total SEM demand) if the additional 1500MW of Irish wind is deployed.

In addition, as shown in Figure 12, the shift in the generation mix has knock-on impacts to
the carbon intensity of generation, further reducing carbon intensity by between 25% and
35% by 2020 depending whether the renewable electricity target is met or exceeded
respectively.

Figure 11 – SEM generation (MWA, DWA, DWA+AW)
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Figure 12 – SEM carbon intensity comparison (MWA, DWA, DWA+AW)

3.1.1 Interconnector flows

With no new wind capacity, rising demand is met by a combination of higher domestic
generation and interconnector imports.  Early in the period, the existing excess capacity in
the system enables the SEM to become a net exporter.  However, as demand grows and
there is no capacity response, the SEM reverts to being a net importer of electricity from
2018 and by 2020 system generation only meets 97% of demand.

New wind capacity substitutes for both imports and domestic thermal generation and
enables the SEM to maintain a net export position with GB, to the order of between 3%
and 5% of SEM demand in 2020.
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Figure 13 – Net electricity exports from the SEM

3.1.2 System capacity margins

The peak capacity margin depicted in Figure 14 tightens over time after the initial
contribution from committed build in 2014.  The SEM security standard is protected12, due
to the excess capacity currently available in the market.  However, if no wind capacity is
added, the de-rated capacity margin falls from 40% in 2013 to 24% in 2020.  Additional
wind demand, even with relatively low capacity credit, raises this margin.  By meeting the
2020 targets, the capacity margin is at 30% in 2020 and the additional 1500MW of
capacity contributes another 3% to the capacity margin in 2020.

12 The security of supply standard in the model allows for contribution from
interconnectors and the security standard of 8 hours of loss of load probability is
protected across our scenarios.
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Figure 14 – SEM Derated capacity margins (%)

3.2 Consumer costs

As in the previous section, we consider three aspects of consumer costs – wholesale
prices, average household bills and the net saving/cost per household.

3.2.1 Wholesale prices

The additional 1500MW of wind generation displaces thermal generation in the market
and reinforces the merit order effect observed when the domestic target is met, resulting
in the supplier wholesale price being 4 EUR/MWh (or 5%) lower in 2020 than in the
baseline, as shown in Figure 15.
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Figure 15 – Supplier wholesale price (EUR/MWh)

3.2.2 Retail prices

By adding the extra 1500MW of wind capacity by 2020, the total installed capacity
exceeds the 5000MW figure implied in the Grid25 development plan by 2020.  Therefore,
additional grid development costs have been included in the estimate of consumer bills.
Even taking account of these higher grid investment costs to deal with the much larger
wind capacity and higher subsidy payments (due to a combination of more capacity and
lower wholesale prices) the net effect of the additional wind (DWA+AW) is to lower the
average household bill relative to the MWA scenario by €2 in 2020 (see Figure 16).
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Figure 16 – Average domestic consumer bill (MWA, DWA and DWA+AW)

3.2.3 Net cost per household

Delivering the additional wind reduces the total cost in 2020 relative to the baseline
scenario with no wind effort by around €10m.  This is equivalent to a saving per household
of between €6 and €12 in 2020, depending on the extent of the security of supply benefit
to the wider economy, as previously discussed.

One important observation is that the additional wind support cost when the domestic
target is exceeded is around €50m in 2020 and the total additional support payments over
the whole period (2013 – 2020) are around €168m.  This additional capacity would deliver
3% towards the overall renewable energy targets at a cost that is comparable with what
SEAI estimates would be the cost of meeting a 1% shortfall (€100m to €150m).
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Table 7 – Net cost per household in 2020

Scenario Cost of
wholesale
electricity
(MEUR)

Wind
support
cost
(MEUR)

Grid
development
cost (MEUR)

DS3 cost
(MEUR)

Total cost
per
scenario
(MEUR)

Net cost of
wind build
(MEUR)

MWA 2666.0 44.3 31.4 0.0 2741.7

DWA+AW 2545.6 93.6 55.2 36.7 2731.0

-10.7

Number of
households

1658234

Cost per
household
(EUR)

-6.4

Security of
supply benefit
(max), MEUR

10.3

Adjusted cost
per
household
(EUR), Max

-12.6

3.3 Energy balance of payments

According to figures published in February 2014 by the EU statistics agency Eurostat,
Ireland ranks in the bottom 4 of the most energy dependent countries in the EU28, trailing
only behind Malta, Luxembourg and Cyprus.

An energy dependence rate of 85% sees Ireland lagging 32% off the EU average of 53%.
This situation can be helped with additional domestic wind capacity.  By 2020, the
displacement of thermal generation by wind in the merit order leads to a material
reduction in dependence on imported fossil fuels.  Gas imports are 24% lower in 2020
compared to the baseline scenario with no new wind build and coal imports are over 40%
lower for the same period.

The lower fossil fuel dependence has further positive effects on the energy balance of
payments as it results in lower fossil fuel payments.  In combination with stronger
electricity export performance this greatly improves the energy balance of payments.
Compared to a situation with no new wind capacity, an Irish generation system with 5000
MW of wind capacity enables the economy to:

§ increase receipts from net electricity exports from €293m to €420m in 2020; and

§ reduce payments for fossil fuels (gas and coal) by 26% from €1.4bn to €1bn.

The net impact of these changes is an improvement of €490m, or almost 50%, in the
energy balance of payments position of the Irish economy.
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Figure 17 – ROI energy balance of payments (total and electricity only)

3.4 Carbon emissions

The environmental benefits are also material.  Cumulative carbon emissions over the
period 2013 to 2020 are reduced by 10% and more significant gains are realised in the
later years (see Figure 18).  By 2020, emissions are 30% lower than under the minimum
wind scenario.
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Figure 18 – ROI CO2 emissions, MWA and DWA+AW, mt CO2 per annum

3.5 Key messages

The key finding is that there is value in the wind sector looking to exceed the 40%
domestic renewable electricity target beyond reducing the risk of missing Ireland’s
overall 16% renewable energy consumption commitment.

§ If the wind sector can deploy a further 1500MW of capacity then there is a net saving
per household of between €6 and €13 in 2020.

§ Whereas meeting the domestic target is still expected to lead to higher bills for
consumers, with the additional capacity, lower wholesale prices result in an average
domestic electricity bill being €2 lower in 2020 compared to the minimum wind
baseline.

§ Imported fossil fuel demand is reduced, falling to 72% of the levels expected with no
wind build by 2020.

§ An improvement of €490m, or almost 50%, in the energy balance of payments
position of the Irish economy is realised in 2020.

§ Total carbon emissions from the power sector are 11.2 MtCO2 lower over the period
2013 to 2020.
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4. SUMMARY AND CONCLUSIONS
This study asked two main questions and below we summarise the answers and insights
from the analysis in this study.

How does the prospect of significant electricity load growth linked to data centre
activity affect the value of wind energy to Ireland?

The key finding is that meeting domestic wind ambition avoids costs that a minimum
wind response to higher demand would impose on the Irish electricity system.

§ The additional 2750MW of wind implied by this scenario has a net saving per
household in 2020 of between €26 and €33, dependent on the value of the security of
supply contribution.

§ The average annual domestic electricity bill in 2020 would be €8 lower than relying on
the existing generation fleet and imports from GB.

§ Without new generation capacity, fossil fuel imports increase by 11% to meet the
extra demand.  New wind capacity avoids this trend, reducing import dependence and
lowering fossil fuel imports in 2020 by 20%.

§ The reduction in import dependence has a positive effect on the energy balance of
payments which would improve by 30%, a reduction in net import expenditure of over
€450m by 2020.

§ Without new wind a heavier reliance on fossil fuel generation leads to rising carbon
emissions.  Delivering on wind capacity and meeting renewable electricity targets
saves 7.5 MtCO2 over the period 2013-2020, with an associated 24% reduction in the
carbon intensity of the electricity system in Ireland.

Is there value in the wind sector adding additional capacity (beyond its 2020 target)
to insure against potential shortfalls in renewable heat and renewable transport
production?

The key finding is that there is value in the wind sector looking to exceed the 40%
domestic renewable electricity target beyond reducing the risk of missing Ireland’s
overall 16% renewable energy commitment.

§ If the wind sector can deploy a further 1500MW of capacity then there is a net saving
per household of between €6 and €13 in 2020.

§ Whereas meeting the domestic target is still expected to lead to higher bills for
consumers, with the additional capacity, lower wholesale prices result in an average
domestic electricity bill being €2 lower in 2020 compared to the minimum wind
baseline.

§ Imported fossil fuel demand is reduced, falling to 72% of the levels expected with no
wind build by 2020.

§ An improvement of €490m, or almost 50%, in the energy balance of payments
position of the Irish economy is realised in 2020.

§ Total carbon emissions from the power sector are 11.2 MtCO2 lower over the period
2013 to 2020.
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ANNEX A – WHOLESALE MODELLING ASSUMPTIONS
A common set of input assumptions were devised for the original 2014 study.  These
assumptions have been retained for the current report to enable ease of comparison
across scenarios.  The key assumptions are replicated in this Annex.  For further
information refer to the original report13.

A.1.1 Base electricity demand

We used EirGrid's central projection for electricity demand in our modelling scenarios as
shown in Figure 19.  EirGrid only publish demand projections as far as 2022 and so we
have used EU primes central projection of 1.3% annual growth in demand for electricity to
inform our annual demand requirement from 2023 to 2030.

Figure 19 – Annual electricity demand in SEM

Source: EirGrid's All-Island Capacity Statement (2013-2022); EU Primes

A.1.2 Fuel price

We used DECC’s reference scenario for fossil fuel price projections (Crude Oil Brent,
Natural gas NBP and Coal ARA) to derive our prices for coal and gas in SEM as shown in
Figure 20.

13 http://www.iwea.com/index.cfm/page/industryreports?twfId=1467&download=true
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Figure 20 – SEM Fuel price projections

Source: Reference scenario, Updated Energy and Emissions Projections, DECC, September 2013

A.1.3 Carbon price

We used IEA projections for the EU carbon price.  Ireland maintains a carbon price in line
with the EU carbon market and in our core scenarios we take IEA’s ‘current policies’ long
term carbon price projections which deliver a €30/tCO2 price by 203014.   We used DECC
projections for the GB carbon price which is underpinned by the carbon price floor and
delivers a €90/tCO2 price by 203015.  Figure 21 charts the carbon price trajectories
modelled in our scenarios.

14  World Energy Outlook 2012, IEA, 12 November 2012.  The IEA projection is modified in the
near term to take account of the current low EU carbon price.  We used the DECC projection
for EU carbon price 2013-15 and trend to IEA projections by 2023.

15  Updated short-term traded carbon values used for modelling purposes, DECC, September
2013.

0

5

10

15

20

25

30

35

€/
M

W
h

SEM coal price SEM gas price



FUTURE WIND SCENARIOS AND ELECTRICITY MARKET EFFECT IN IRELAND

March 2015
The Value of Wind Energy to Ireland_v300

37

PÖYRY MANAGEMENT CONSULTING

Figure 21 – Carbon price assumptions

Source: World Energy Outlook 2012, IEA, 12 November 2012; Modelled carbon prices, DECC, September 2013

A.1.4 Generation entry/exit decisions

The following plant retirements up until 2024 are assumed totalling 2.2GW of capacity
closures:

§ Great Island’s oil capacity and the Ballylumford steam units are assumed to close by
2013 and 2015 respectively, due to the requirements of the Large Combustion Plant
Directive (LCPD), based on published information from EirGrid;

§ Aghada steam unit, Marina, North Wall and the Tarbert units are all assumed to enter
Ireland’s Transitional National Plan (TNP) and therefore close in 2020; and

§ Kilroot coal plant is assumed to close in 2023 as a result of the Industrial Emissions
Directive (IED).

Only one named plant is added to thermal capacity and that is a 460MW CCGT at Great
Island in 2014.16

Note that we do not judge the investment decision for wind capacity as the wind rollout is
exogenous to the modelling effort.

16  SSE latest public statement indicates commissioning by 2H2014.
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