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Foreword

We have a great resource in Ireland with our
renewable sources of power.

The move towards renewable energy is well underway
around the world and in Ireland we have played
aleading role.

In an age of increasing energy uncertainties,
renewable energy represents a low-cost, reliable

and safe supply of electricity to all users in Ireland.
Developing a power system that can facilitate a
substantial increase in renewable energy is necessary
for our economic growth and is at the heart of
Government’s strategic planning. This is a core
element of EirGrid’s overall remit.

In Ireland today, approximately 14% of electricity
generation comes from renewable energy sources and
this is set to increase signi cantly over the coming
decade. We are now on track to ensure that our

2010 national renewable energy target - that 15% of
electricity consumed in Ireland be from renewable

sources - will be achieved at the end of this year.
Thisis asigni cant milestone on the path towards
reaching our 40% target in 2020 and | commend
EirGrid for their signi cant contribution in ensuring
the achievement of our target.

EirGrid is leading the transition to a low-carbon
future. It is proactively working with all industry
stakeholders to ensure Ireland’s electricity network
has the infrastructural and operational capacity to
fully exploit this country’s considerable renewable
potential.

I warmly welcome this rst EirGrid Annual Renewable
Report. It is a timely assessment that documents

the signi cant progress Ireland has made, and

will continue to make, in renewable energy. Every
megawatt of renewable energy we can integrate

into our system enhances our environmental
sustainability, energy security and economic
competitiveness.

Eamon Ryan, T.D.
Minister for Communications,
Energy and Natural Resources
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Introduction

| am delighted to present the inaugural EirGrid
Annual Renewable Report. This is the rst such report
and is designed to review EirGrid's role, including
SONI and SEMO, in facilitating the transition towards
amore competitive, sustainable and low carbon
electricity future in Ireland and Northern Ireland.

Over recent years the electricity sector has entered

a period of remarkable change. This change has

been characterised by a drive towards increased
environmental sustainability, energy security and
economic competitiveness, and is being delivered
primarily through a commitment to increase the level
of renewable energy on the power system.

Ireland has embraced this change and has made
considerable progress towards meeting our national
and EU renewable energy targets. Indeed, at the

end of 2009, around 14% of the country’s electricity
demand was derived from renewable energy and our
most recent analysis indicates that Ireland is on track
to achieve the 2010 national renewable electricity
target of 15%.

Northern Ireland has also made signi cant progress
in this regard over the last few years, and SONI

is committed to playing its part in the facilitation

of renewable electricity. At the end of last year,
approximately 9% of electricity demand was

generated from renewable energy in Northern Ireland.

Despite the many positive developments in recent
years, many obstacles and challenges lie ahead as
we work to ensure that 40% of electricity is
generated from renewable sources in 2020.

Nonetheless, we are con dent that through our

Grid Development Strategy (Grid25), the Regional
Integration Development Plan (RIDP), technical
research and an openness to review and renew
policies and practices as appropriate we will be able
to deliver the vital grid infrastructure and operational
strategies to deliver on the targets.

With the vast majority of the 40% target expected
to be sourced from wind power, the Ireland and
Northern Ireland power system is on track to have
one of the highest levels of wind penetration in
Europe and the world by 2020. This alone will
require new and novel approaches. However the
focus on renewables does not stop at wind. There

is on-going work to develop a better understanding
of the potential for integrating other renewable
sources, such as ocean energy technology, biomass
and waste. On top of this, the bene ts of integrating
other technologies such as further interconnection
and electricity storage are being examined.

While EirGrid is undertaking a number of signi cant
research projects designed to assist in this
endeavour, we recognise that facilitating the shift
towards the decarbonisation of the power sector
will only be delivered with the full engagement and
support of stakeholders across the electricity sector.
I look forward to building on these relationships in
the years ahead.

For further information on EirGrid’s role and the
various initiatives underway, | would encourage you
to visit our website at www.eirgrid.com.

Dermot Byrne
Chief Executive, EirGrid




Executive Summary

Ireland and Northern Ireland have some of the best
untapped renewable energy resources in the world.
The range of potential renewable energy sources
primarily includes wind, wave, tidal and biomass - all
of which o er a sustainable alternative to fossil fuel
use. In addition there is also potential in hydropower,
solar and geothermal. Tapping these renewable
energy resources will enable Ireland and Northern
Ireland to reduce their dependence on fossil fuel
imports, ensure a reliable long term energy supply,
reduce greenhouse gas emissions and enhance our
economic competitiveness.

Over the last few years Ireland and Northern
Ireland have embarked on the task to decarbonise
the electricity sector through the deployment of
renewable energy sources. It is important not

to underestimate the challenges ahead. The
delivery of the necessary infrastructure is the rst
crucial step in establishing a position as a world
leader in renewable energy production. However,
understanding the operational and technical
challenges that this deployment will result in, is
essential to successfully deliver on these targets.
Itis only through a deep understanding of these
challenges that e cient solutions can be designed
including new operational policies and market
mechanisms to release this untapped potential.

EirGrid is uniquely positioned in the industry to
understand these operational challenges and to
advise on e cient market mechanisms to deliver
on this potential. However EirGrid recognises that
this can only be achieved with active participation
of all relevant stakeholders. To this end, EirGrid is

* The SuperGrid concept is defined as an electricity transmission system
(largely DC) that is designed to facilitate the connection of large-
scale renewable power generation in remote areas for transmission to
load centres across Europe, and ultimately allow electricity to be
traded more efficiently between European Member States.

committed to proactively working with stakeholders
to ensure that all Government targets in relation to
renewable energy are reached.

This report o ers an assessment of these
developments and the progress made over the last
12-18 months and sets these developments in an
international context. The structure of this report is
as follows:

Section 1 - Renewable Energy in Context: Provides an
overview of recent policy developments in the energy
space in Europe, Ireland and Northern Ireland and
assesses the current position of renewable energy in
Ireland and Northern Ireland.

Section 2 —Enablers - Meeting the Targets: Reviews
the key operational and infrastructural enablers

that are central to meeting all renewable energy
targets and examines EirGrid’s on-going work toward
understanding the challenges associated with
integrating renewables and developing the solutions.

Section 3 - International Developments: This section
o ers a highlight of some of the main international
developments in the renewable energy space,
focusing particularly on the EU, US and China.

Section 4 —Beyond 2020: This nal section assesses
some of the recent work undertaken by EirGrid to
inform the debate as the country moves towards
alow carbon energy future beyond 2020 and also
reviews some of the recent developments on the idea
of a European SuperGrid.




Renewable Energy in Context

It is now widely acknowledged that international
action to tackle climate change and environmental
degradation is urgent and essential. The burning of
fossil fuels for energy (electricity, heat, transport and
industry) and the economic impacts of dwindling
fossil fuel supplies are stimulating countries around
the world to reduce greenhouse gas emissions and
increase levels of energy security. Environmental
sustainability, security of supply and economic
competitiveness are now at the heart of national
and EU energy policy. Reducing our dependence on
fossil fuels by integrating renewable energy sources
and increasing energy e ciencies is now widely
acknowledged as the most e ective response to
tackle the threat of climate change.

The dual concerns of climate change and energy
security have injected a political dimension into
the heart of recent decisions on energy policy.

The content of the recent EU Climate Change and
3rd Energy Legislative Packages directly re ects
this political refocusing and has stimulated a shift
towards a low carbon energy future in Europe, and
strengthened renewable energy policy at both a
national and European level.? The establishment

of the European Network of Transmission System
Operators for Electricity (ENTSO-E) has added

an additional dimension for coordination at the
European level on future cross-border transmission
investments, analysis of resource adequacy of both
generation and transmission, and the development of
market and technical codes.

The new EU Renewable energy Directive (2009/28/EC)
sets a range of national targets for renewable energy
integration, which will collectively lift the average
renewable share across the EU to 20% by 2020. For
Ireland, this translates into a legal binding target of
16% of total energy consumption to be generated
from renewable energy by 2020. This 16% target

will be met through a combination of renewable
energy targets in the electricity, heat and transport
sectors. The largest contribution to the targets in
Ireland will come from the electricity sector. In the
2008 Carbon Budget the Government set a target for
40% of electricity consumption in Ireland to be from
renewable sources by 2020. The other renewable
targets are 12% and 10% in the heat and transport
sectors respectively.

In Northern Ireland, the Department of Enterprise,
Trade and Investment (DETI) published a draft
Strategic Energy Framework for consultation during
2009. This document proposed that 40% of
electricity demand in Northern Ireland should be
supplied from renewable sources by 2020. If agreed,
this new 40% target for Northern Ireland will be
consistent with the 40% renewable electricity target
in Ireland. Given the all-island nature of the electricity
market this decision would be likely to minimise the
potential for market distortion in the Single Electricity
Market (SEM) between the two jurisdictions and
facilitate the achievement of a signi cant renewable
potential on theisland e ciently.*

2 The Climate and Energy package has established legal binding targets for increasing the use of renewable energy sources (2009/28/EC) and decreasing
carbon emissions (2009/29/EC). A third objective of EU energy policy was adopted by the European Parliament in 2008 and requires Member States to
introduce measures to save 20% of projected energy consumption up to 2020 through energy efficiencies.

“ As this report was going to print, the Northern Ireland Strategic Energy Framework was released and is available on the DETI website at:
http://www.detini.gov.uk/deti-energy-index.htm. This report has set a 40% renewable energy target in Northern Ireland to be achieved by 2020.




FIGURE 1: 2020 RES-E Targets
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1.1 CURRENT STATUS AND ACHIEVEMENTS TO DATE
- IRELAND AND NORTHERN IRELAND

Integrating renewable energy onto the power system
can contribute to the delivery of each of the three
key energy pillars — environmental sustainability,
energy security and enhanced competitiveness —
simultaneously. EirGrid including SONI and SEMO
have critical roles in ensuring that all renewable
energy targets - North and South - are delivered in

a safe, secure and economical manner. Last year was
a productive year for renewable energy integration.

The progress that Ireland and Northern Ireland have
made in facilitating the integration of renewable
energy sources, and in particular wind, can be clearly
seen from day to day in real time power system
operations. Regularly the average energy on a daily
basis from renewables is in excess of 15%. Indeed
there have been days that this has been closer to
20%. In addition these higher energy amounts from
wind have resulted in real time penetrations on

the power system of Ireland and Northern Ireland
exceeding 40%. The highest penetration to date

on an all island basis was achieved on 5th April
2010. On this day over 1260 MW of wind was

generated which represented 42% of the Ireland

and Northern Ireland power system. While the real
time penetration in either system has occurred at

di erent times this, to the best information available,
represents the highest penetration on a single
synchronous system in the world to date.

In December 2009, Ireland and the UK joined the
North Seas Countries'O shore Grid Initiative. The
Initiative involves nine EU Member States, as well as
Norway. The Governments involved are committed
to developing a framework for regional cooperation
to nd common solutions to questions related
to current and future o shore grid infrastructure
recognising that renewable energy resources have
the potential to make a signi cant contribution
to our energy policy goals. The Initiative will take
into account other work being carried out in this
eld including speci cally the ISLES (Irish-Scottish
Links on Energy Study) project. The Governments
of the North Seas O shore Grid Initiative are
working towards the signing of a Memorandum of
Understanding by end 2010. EirGrid and SONI are
actively engaged with all relevant stakeholders to
help make this project a reality.
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1.2 FACILITATION OF RENEWABLES - IRELAND UPDATE*

At the end of 2009 there was 1526 MW of renewable
energy installed in Ireland. This gure is split
between wind (1,260 MW), hydro (236 MW) and
other small renewable energy sources (30 MW).5 In
Ireland wind power increased by 23% last year, while
the maximum wind generation as a percentage of
demand reached 45% in 2009. This system record
has subsequently been broken. On the 5th of April,
2010 at 06:00am wind generation provided 50%

of system demand. Total renewable output reached
55% at the same moment — another new system
record.

Last year the Irish Government announced further
investment in ocean energy technologies. This
investment is focused on helping to meet the
national 500 MW ocean energy target by 2020. As
outlined in the National Ocean Energy Strategy, the

Government is committed to harnessing Ireland’s
ocean energy potential and supporting the necessary
research to accelerate technology advances and
solutions to infrastructural requirements to ensure
ocean energy is a future reality. EirGrid will continue
to play its part in order to help ensure this target

is reached.

Supporting the deployment of renewable energy, the
Department of Communications Energy and Natural
Resources (DCENR) introduced a range of additional
categories of renewable energy technologies that are
eligible for nancial support under a further tranche
of the Renewable Energy Feed-In Tari (REFIT)
scheme. The 2009 REFIT builds on the existing
technologies and now provides support for Anaerobic
Digestion; Ocean Energy (Wave & Tidal); O -shore
Wind and biomass-based High E ciency-Combined
Heat and Power (HE-CHP).6

Wind and Demand April 4th to 7th 2010
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FIGURE 3: Wind and Demand April 4th to 7th, 2010 — Republic of Ireland only

% The Irish-Scottish Links on Energy Study (ISLES) is a joint project between the Department of Communications, Energy and Natural Resources (Ireland),
the Department of Enterprise, Trade and Investment (Northern Ireland) and the Scottish Government. The aim is to provide a feasibility study into the
development of an offshore transmission electricity grid around the west coast of Scotland, the north and east coasts of Northern Ireland, the Irish Sea

and the west coast of Ireland.
4 These figures are for the Republic of Ireland only.

5 Other small renewable energy includes: small hydro, land-fill gas and renewable forms of Combined Heat & Power (CHP).
®Biomass based HE-CHP is electricity generated from biomass as a result of the simultaneous production in one process of thermal energy and

electrical energy.
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Albania,
Austria, Bulgaria,
Croatia, Czech Rep, Cyprus,

Denmark, Estonia, Finland,

France, Germany, Greece, Hungary,

Rep of Ireland, Italy, Portugal, Slovenia,
Slovak Rep, Spain, Sweden, UK

Tenders
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Italy, UK, Romania,
Sweden, Poland,
Belgium, Latvia

UK, Finland, Slovenia, Malta
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FIGURE 4: A Selection of Renewable Support Mechanisms in Europe (Select EU Countries).
The Renewable Energy Feed-In Tariff is the Most Popular Support Mechanism in Europe.

1.2.1 PROGRESS TO MEETING IRELAND’S
2010 RENEWABLE ENERGY TARGET

Ireland’s 2010 national interim renewable energy
target for electricity consumption is 15%. This
national target was set out in the March 2007
Government White Paper, Delivering a Sustainable
Future for Ireland.” In addition, under the 2001 EU
directive 2001/77/EC, Ireland has an indicative target
for 13.2% of the country’s electricity demand to be
generated from renewable energy sources by 2010.2

The revised demand gures for 2010 published

in EirGrid’s November 2009 Generation Adequacy
Report (GAR) indicate that demand is forecast to
be between + 1% and -1% in 2010.° Based on these
predicted demand levels, and using reasonable
assumptions about average wind farm capacity
factors, Ireland is on track to reach our renewable
electricity targets this year.

At the end of Q2 2010, there was 1,459 MW of installed
wind capacity in Ireland, 242 MW of hydro and 30
MW of other small renewables - giving a combined

renewable energy total of 1,731 MW. Estimates of new
wind connections in the pipeline indicate that 244 MW
(41 MW at transmission and 203 MW at distribution)
will connect between now at the end of 2010. If all of
this is connected on time, Ireland will have a combined
total of 1,975 MW of installed renewable energy by the
end of the year

1.3 FACILITATION OF RENEWABLES -
NORTHERN IRELAND (NI) UPDATE®®

At present there is 307 MW of wind generation
installed in Northern Ireland. During 2009, 8.7% of
demand was supplied from wind generation. It is
anticipated that a further 70 MW of wind generation
will be connected by the end of 2010. This will
enable Northern Ireland to supply approximately
10.7% of its electricity demand from renewable
sources. With further wind generation connections
planned for 2011, Northern Ireland i ell placed to
meet its 2012 renewable energy target of 12%i

" The 2007 White Paper Delivering a Sustainable Future for Ireland is available on the website of the Department of Communications, Energy and Natural

Resources at: http://www.dcenr.gov.ie/Energy/

8 The timeframe for meeting our national and EU renewable energy target is “by 2010.” This is the language used in both the 2007 National White Paper on
Energy and in the European directive 2001/77/EC. The wording “by 2010 is interpreted to mean by the end of the calendar year 2010 — i.e. December
31st 2010. Therefore, to achieve our national target, 15% of Ireland’s electricity demand must be supplied by renewable generation sources by December

31st 2010.

9 These figures are based on the GAR report which was published at the end of November last year. The GAR includes high, median and low demand scenarios.

©These figures are for Northern Ireland only.



Installed Renewables (MW) Actual and Projected to Q4 2010
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FIGURE 5: Graph of Installed MW of Renewable, Q1 to Q4 2010. The Installed and Expected

MW Figures to the end of 2010 have been rounded to the nearest MW.

The maximum instantaneous wind generation output
last year in NI was 248 MW, this occurred at 20:00
hours on May 5th, 2009. This equates to 21.2% of
instantaneous demand.

Over recent years, SONI has fully engaged in the
Northern Ireland and All-Island transmission planning
processes with both EirGrid and NIE so that All-Island
transmission network matters can be identi ed

and resolved.

There is a requirement for signi cant transmission
infrastructure development in Northern Ireland to
meet projected targets for renewable electricity.
EirGrid, NIE and SONI have identi ed the need to
reinforce the transmission network on the north
west of the island of Ireland in order to facilitate

the number of renewable generators proposing to
connect in the region. This project, the Renewable
Integration Development Project (RIDP), aims to
identify possible transmission reinforcement options
for the northwest of the island to accommodate this
renewable generation.

SONI is also cooperating with the Department
of Energy, Trade and Investment (DETI) and
other statutory bodies to complete a Strategic

Environmental Assessment (SEA) of on-shore
renewable generation, 0 -shore generation
connection on-shore and associated grid
developments. This work will also feed into the
Strategic Action Plan that DETI is developing for
energy matters in Northern Ireland.

Last year, the Department of Energy, Trade and
Investment issued a public consultation on a
Strategic Energy Framework for Northern Ireland.

In this consultation, DETI proposed increasing the
penetration of renewable energy in Northern Ireland
to 40% by 2020. A decision on whether this target
will be introduced is expected shortly. In order to
meet the target set in the Framework document, an
estimated that 1600 to 1800 MW of renewables will
be required in Northern Ireland by 2020.*

In Northern Ireland, the Renewable Obligation
(NIRO) was updated in April 2010 with a number

of additional elements and the transition toward
renewable energy integration was further supported
by the introduction of a Renewable Energy Feed-
InTari (REFIT) for renewable installations up to a
maximum capacity of 5 MW (50 kilowatts (kW) in the
case of fossil-fuelled combined heat and power) by
the UK Department of Energy and Climate Change.

" As this report was going to print, the Northern Ireland Strategic Energy Framework was released and is available on the DETI website at:
http://www.detini.gov.uk/deti-energy-index.htm. This report has set a 40% renewable energy target in Northern Ireland to be achieved by 2020.




2. Enablers - Meeting the Targets

It is expected that approximately 4632 MW of wind
generation will need to be installed by 2020 to meet
the 40% national RES-E target in Ireland.™

In addition over 1600 MW of wind will be required
in Northern Ireland if similar policy objectives

are adopted. Therefore the system of Ireland and
Northern Ireland could potentially be seeking to
operate with over 6000 MW of wind on the joint
power system by 2020.

The impact of this level of non-synchronous
generation on the power system will materially a ect
the way the electricity system is operated today.
EirGrid and SONI have already started to adapt to
this new reality by investing in their control centres
in Dublin and Belfast to ensure that our engineers
have the necessary state of the art controls and
decision support tools at their disposal to cater

for this new complexity. But there are several other
important elements that will need to be in place to
ensure the 2020 target is achieved. These factors
include: operational exibility, new and upgraded
network infrastructure, including interconnection and

a detailed understanding of the challenges involved
in managing this level of renewable generation on
the power system. This section details some of the

e orts that EirGrid and SONI are undertaking to
address these challenges.

2.1 THE OPERATIONAL CHALLENGE

Integrating renewable energy generation on the
power system will impact on the operation of the
system in a number of important ways. First, a
central feature of renewable generation is that it is
predominantly variable in nature; the wind blows,
the sun shines, and the tides ebb and ow. The
management of this variability can be achieved
through a combination of improved forecasting

and increased control capability of conventional

and renewable generation and new operational
strategies. Second, some renewable generation uses
di erent technologies than conventional synchronous
generation units. The level of penetration of these
non-synchronous technologies can materially alter

Indicative Trajectory for 40% by National RES Target
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FIGURE 6: Wind Power Capacity Required to Meet 40% Res-E Target with a 31% Wind Power Capacity Factor.

1 This figure is based on revised demand figures outlined in EirGrid's Generation Adequacy Report (GAR) published in November 2009 and assumes that wind
generation has a capacity factor of 31%. This GAR figure is dependent on economic growth and demand projections out to 2020 and could change.
The National Renewable Energy Action Plan (NREAP) estimates that this final renewable MW figure could be between 4630 MW and 5800 MW.



the characteristics of the power system. These
characteristics include synchronising torque, fault
levels, voltage stability and frequency control.
EirGrid and SONI are developing a range of
procedural measures and operational tools aimed at
integrating more renewable energy on the system -
while managing the e ects of this developmentin a
secure manner.

2.1.1 WIND SECURITY ASSESSMENT TOOL (WSAT)

Throughout last year, EirGrid continued its research
toward developing a Wind Security Assessment Tool
(WSAT) which will aid National Control Centre (NCC)
sta inassessing the stability of the power system
with large amounts of wind generation. WSAT will
provide a real-time transient stability and voltage

stability assessment of the power system to the NCC.

This is an advanced use of dynamic simulation tools.

WSAT is an essential part of EirGrid’se ortto
achieve the 40% renewable energy target by 2020.
It will give NCC engineers the con dence to operate
the system with higher amounts of wind while
maintaining EirGrid’s standards of system security
and stability. WSAT has gone live in the National

Control Centre (NCC) — allowing the system operators
to get experience using the new tool.

2.1.2 PERFORMANCE MONITORING

As more and more renewable generation is
integrated into the power system, the operational
performance of all generation units becomes more
important. Work commenced on developing the
performance monitoring initiative through 2009.
This performance monitoring initiative will establish
a framework for assessing the performance of all
users of the power system with respect to the

Grid Code. This will involve the de nition and
calculation, on a regular basis, of a number of
objective measures of performance against Grid
Code requirements. These measures will be used
to produce a regular performance report which
will serve as the basis for bilateral meetings with
users to discuss issues relating to performance.
This work will result in an increased understanding
of the performance of all plant connected to

the transmission system and will inform the
development of new policies and standards going
forward. The performance monitoring process went
live in June 2010.
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2.2 INFRASTRUCTURAL REQUIREMENTS

The physical location of renewable plant is often
atdi erentlocations to existing high voltage
transmission stations and to load centers. As

a consequence, additional and upgraded grid
infrastructure is required to provide access for this
renewable generation and to reinforce the system.

In addition, developing system interconnection will
provide the means to integrate a greater quantity of
renewable plant. EirGrid made considerable progress
in this regard last year.

2.2.1 GRID DEVELOPMENT STRATEGY - GRID25

EirGrid’s Grid25 Strategy, which was launched in
2008, is the cornerstone of the commitment to
develop the transmission system now to cater for
anticipated requirements for the long-term. Grid25
is a key component of integrating distributed forms
of renewable energy and central to ensuring Ireland
develops a power system that meets the country’s
future energy needs in a sustainable manner. The
strategy provides for the construction of 1,150km of
new power lines and upgrading to circa 2,300km of
existing lines and will double Ireland’s transmission
system by 2025.

When fully implemented, Grid25 will provide a
platform to harness Ireland’s renewable energy
potential and enable Ireland to link with Great
Britain with the potential to both export and import
electricity. Grid25 has been informed by the ndings
of 2008 All-Island Grid study which demonstrated
that at least 40% of our electricity could be derived
from renewable sources by 2020 so long as the
electricity grid is developed in an appropriate
manner, and the recent follow-on Facilitation of
Renewables Studies released by EirGrid and SONI in

June 2010. Indeed, it is widely acknowledged that
the implementation of Grid25 is essential if Ireland

is going to meet its renewable energy targets. Grid25
is designed to ensure that all regions in Ireland will
have access to reliable, high-quality power supplies,
facilitating access to renewable energy resources.

Eamon Ryan, T.D. , Minister for Communications,

Energy and Natural Resources



2.2.2 EAST-WEST INTERCONNECTOR

In September 2009, EirGrid received planning
permission to proceed with the East-West
Interconnector and received nancial support from
the European Investment Bank (EIB) and European
Commission to facilitate the project.*?

East-West Interconnector

Full utilisation of interconnection will aid us in
meeting our national renewable energy targets and
increase our energy export potential. In addition

to savings on fuel bills, research has shown that
interconnection also provides capacity bene tsand
therefore can to some extent mitigate the need

for capital expenditure on generation plant. The
East-West Interconnector is a central component of
EirGrid’s commitment to deliver more competition,
increase the level of renewable energy and increase
our security of supply in the future.

The introduction of intraday trading in the Single
Electricity Market is currently being developed and
will be available on the East-West Interconnector
when it becomes operational in 2012, which is in full
compliance with EU legislation. As well as facilitating
increased wind penetration by providing additional
export potential for wind across the interconnector,
intraday trading will bene t wind generators by

enabling them to adjust their positions closer to
real time.

The economic and societal bene ts associated

with the East-West Interconnector are further
supported by the development of further capacity
between Northern Ireland and Ireland, currently in
development. This key infrastructure development
will ensure the long-term security of electricity supply
to the North East and further promote the integration
of renewable energy.

To further aid policy decisions surrounding the
viability of additional interconnection, last year
EirGrid published its Interconnection Economic
Feasibility Report. This study provides an assessment
of the costs and bene ts of further interconnection
between the island of Ireland and Great Britain or
France (in addition to the Moyle Interconnector
and the planned East-West Interconnector). The
report outlines a strong economic rationale for

the East-West Interconnector and for additional
interconnection in the future.

223 GATE3

In Ireland wind generation is expected to meet
approximately 37% of the 40% renewable electricity
target in 2020. This is the highest wind integration
target among European Member States up to 2020
and places Ireland at the forefront of Europe.

To connect this amount of wind on the system
between now and 2020 requires an e ective
connection process to be in place. The Gate 3
process involves o ers for connection to circa

3,900 MW of wind generation and 1,700 MW of
conventional generation and is fundamental to
meeting our 40% national renewable energy target.

12 EirGrid received a grant of €110m from the European Energy Programme for Recovery (EEPR), a loan of €300m from the European Investment Bank
and a level of debt financing from a number of commercial banks to build the East-West Interconnector.
13 EirGrid's Interconnection Economic Feasibility Report is available on the EirGrid website at http://www.eirgrid.com/aboutus/publications/
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FIGURE 7: Wind as % of Total Electricity Demand (2020 Targets)
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In keeping with EirGrid’s commitment to ensure
transparency and share information with relevant
stakeholders, a Gate 3 Liaison Group involving

the CER, EirGrid and ESB Networks, along with
industry representatives, was established to assist
communication amongst key stakeholders on a
monthly basis. There are also many new facets to
the Gate 3 O er Project, which have been adopted
following a review by EirGrid. Among these is the
adoption of a more formal project management
based model and the facilitation of Sub-Group
Connection Method brie ng meetings for both
transmission and distribution customers in advance
of theissuing of o ers.The o erstothe rst3
areas (Waterford, Clare and Wexford Regions were
issued in December 2009, April 2010 and July 2010
respectively). By the end of 2010 47% of the total
number of o ers will be issued. The Gate 30 er
process is on target to issue all o ers by the middle
of 2011.

2.3 UNDERSTANDING THE CHALLENGES
& DEVELOPING THE SOLUTIONS

Overcoming the challenges of integrating increasing

amounts of non-synchronous generation on the

power system requires a fundamental understanding

of the problems involved.

Early in 2009, EirGrid and SONI initiated a suite

of studies - entitled the Facilitation of Renewables

- designed to examine the technical challenges with
integrating signi cant volumes of wind generation
onto the power system of Ireland and Northern
Ireland.

The shift from conventional to renewable
technologies challenges the traditional approaches
to power system operations and new tools and
methods have had to be developed to cope.

The Facilitation of Renewables (FoR) is a suite of
pioneering studies that identi ed the dynamic issues
associated with operating a power system with high
levels of renewable generation, and how to best
solve these issues. The nal results were released

in June 2010 and contain a full review of the scope
of the project, the methodologies employed and
the results and conclusions from the analysis.* The
outcome of this research study will inform future
operational policies, Grid Code and standards

and discussions on remuneration regimes for all
generation.

¥The Facilitation of Renewables report is available on the EirGrid website at: http://www.eirgrid.com/renewables/facilitationofrenewables/
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THE FACILITATION OF RENEWABLE ENERGY
IN IRELAND: A CASE STUDY

Ireland and Northern Ireland have ambitious targets
for electricity generated from renewable energy
sources by 2020. To meet these policy objectives

at least 6,000 MW of electricity generated from
windfarms will need to connect to the electricity
grid over the next ten years. This amount of wind
generation will at times represent well in excess of
50% of the generation of the total power system in
real time.

Due to the technical characteristics of wind
generation, the increasing instantaneous penetration
will alter the dynamic characteristics of the power
system. This impact on the dynamic characteristics
of the power system needs to be understood in
order to develop operational strategies to manage
the power system in a secure and reliable manner.
This has been previously recognised in the All Island
Grid Study which recommended further follow-on
studies speci cally to analyse the dynamic properties
of a power system with large amounts of wind. The
Facilitation of Renewables research provides the rst
signi cant modelling of power system behaviour at
these unprecedented instantaneous penetrations

of wind.

The key ndings from the studies indicate that the
integrity of the frequency response and the dynamic
stability of the power system are compromised at
high instantaneous penetrations of wind. While there
are mitigation measures which can be employed, it
will be necessary, in order to operate a secure power
system, to limit or “curtail” at times the aggregate
output of windfarms on the island. For frequency
response some of the key mitigation measures
include disabling aspects of the standard distribution
connected protection schemes for windfarms, as well
as ensuring that conventional generators provide
appropriate reserve in a timely manner following an
energy imbalance. To mitigate the dynamic stability
issue, the use of fast acting reliable reactive power
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response devices during and following disturbances
is required.

In addition to these key ndings the modelling
suggested that the voltage and reactive behaviour
of the system will require signi cant management
and is directly related to the performance of all
generators on the island as well as how the network
is developed. Finally, the studies did indicate that
voltage disturbances could result in the temporary
loss of windfarm output. At high instantaneous
penetrations this could result in a voltage dip
inducing signi cant frequency response challenges
on the power system. As this is based on novel
modelling and extremely high penetrations of wind
thereissu cient time for EirGrid to further analyse
this issue.

The key ndings indicate that to operate the power
system securely a limit on the aggregate windfarm
output is required. This limit (known as System
Non-Synchronous Penetration —SNSP) is related to
the capability of the conventional and renewable
generation, the protection of distribution connected
windfarms and the level of imports and exports on
the system.

Using the key ndings, EirGrid has modelled the
impact of the SNSP on the energy generated from
wind as well as the curtailment of windfarms in
2020. This additional modelling assumed that

the transmission and network capability was

such that there were no network limitations on
windfarm output. Over a range of varying levels of
interconnection export capacity and di erent levels
of installed wind it appears the island can achieve
the stated Government targets. However it is clear
that increased capability to manage higher SNSP
will have asigni cantimpact on how e ciently the
target is reached. In particular if there is no export
capability and 6000 MW of installed wind, 38% of
energy can be reached provided a SNSP of 75% can
be obtained.
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FIGURE 9: Wind Curtailment Level against SN

The results from the studies provide su cient
information from which EirGrid are con dent
secure reliable operational strategies, which can be
developed so that by 2020 Ireland and Northern
Ireland can meet the renewable targets set down in
policy. However there are a number of areas that
the industry collectively has to address in order to
achieve this. These include that the use of standard
protection relays on the distribution network
including the Rate of Change of Frequency (RoCoF)
relay is reviewed for its suitability, that conventional
generators meet the standards of spinning reserve
that the Grid Code requires, and that all windfarms
have the appropriate control, capability and
response, particularly for reactive power (voltage)
support during disturbances.

2.3.1 OFF-SHORE NETWORK RESEARCH

Given the renewable energy potential 0 the coast
of Ireland and the Government's recent decision to
assess the viability of this, EirGrid is undertaking an
Expansion Planning Study designed to address the
following questions:

» What will be the off-shore grid structure?

+ Which technology will be more technically and
economically viable for off-shore connections?

+ Are there synergies between the off-shore and
on-shore systems?

This study is an important part of developing an
informed perspective on how best to facilitate the
connection of this type of renewable generation.
The Gate 30 er process will issue connection o ers
for up to almost 800 MW of o -shore generation.
Therefore it is essential that the implications of these
connections are examined.
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SP

90% 100%

The study is aiming to provide a long term vision
forafuture o -shore grid network and o er answers
to the many challenges posed over the shorter term
by the Gate 3 0 -shore connections. In addition, the
research is mindful of the need to promote

a coordinated development of o -shore networks

in the medium term with the possibility of more
renewable energy being sourced o -shore in the long
term —including wave and tidal energy.

The rst part of the study deals with the penetration
of o -shore wind into the Irish transmission system.
The second part - which is currently in progress - is
dealing with a more comprehensive Europe-wide
scenario where enhancements of interconnection with
the United Kingdom and other European countries
will be considered. A number of preliminary results
suggest that:

« The off-shore grid structure depends on the amount
of wind power to be accommodated and the
reciprocal distances of the gathering platform; for
the Irish Sea, a meshed structure is envisaged.

« An AC Technology strategy is technically viable for
0 -shore connections; this preliminary conclusion
requires further investigation, but based on similar
studies undertaken in EirGrid early in 2009, the
amount of undersea cables, the HV voltage level
and the distances to o -shore gathering platforms
do not justify the use of DC technology.

+ Results show synergies between the on-shore and
0 -shore system; thatisan o -shore strategy may
be further developed to solve congestions on-
shore by moving infrastructure development from
on-shore to o -shore. This is particularly evident in
the Dublin Bay area.
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2.3.2 EIRGRID’S INTERNATIONAL INVOLVEMENT

There are a number of on-going international
research projects and forums that EirGrid are
participating in that are designed to help further

our understanding of the impact of integrating more
renewable forms of energy on power

system operations.

The main research projects EirGrid are currently
involved with include the European Wind Integration
Studies (EWIS), Anemos Plus, SafeWind, the
International Energy Agency (IEA) Task 25 on wind
energy, and CIGRE - the International Council on
Large Electric Systems. Together these collaborative
research projects and forums o er EirGrid a

platform to share information and understand best
international practice in the renewable space. EirGrid
is fully committed to this end and is looking forward
to continuing our engagement with all of these
forums in 2010 and beyond.

THE EUROPEAN WIND INTEGRATION STUDIES (EWIS)

EirGrid has been actively involved in the European
Wind Integration Study (EWIS) for the last few years.
EWIS is an initiative established by the European
transmission system operators in collaboration with
the European Commission. The scope of this study
covered all the technical, operational, market and
regulatory aspects related to the integration of wind
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power in Europe up to 2015. However, the study
also identi ed how plans needed to be extended to
reach targets beyond the 2015 time horizon to meet
the 2020 targets. The nal recommendations of the
study will develop, where possible and appropriate,
common European solutions to wind integration
challenges. The study produced a nal reportin
December 2009 and is available at:
http://www.wind-integration.eu/news/20100402/

THE UTILITY WIND INTEGRATION GROUP (UWIG)

On the 7 & 8 of July 2009, EirGrid, in partnership

with the Utility Wind Integration Group and ESB

Networks, hosted a research symposium on

“Wind Integration: Models and Methods.” The

event brought together international experts and
policymakers from Government agencies, the

academic community, power system planners and

operators, and industry players. The symposium

provided a timely opportunity to share experience,
knowledge and international best practice in this

expanding eld. The research symposium assessed |
and examined a number of interrelated aspects
of wmd energy technology and its operational

best to overcome the many existing and €
operational and technical challenges as tl
world shifts towards using more and more
synchronous forms of generation.
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International Renewable Energy Developments

There is now a growing consensus that action to
tackle the threat from climate change needs to move
from the level of joint consultations to the level of
joint actions. Recent technological innovation in the
renewable energy arena is enabling certain renewable
energy technologies to form the centerpiece of

this action. Countries across the globe are setting
renewable energy targets as a means to tackle the
climate change threat and at the same time increase
their energy security.

The 2009 decision to establish the International
Renewable Energy Agency (IRENA) is evidence

of this new trend. IRENA is the rstinternational
organisation commissioned to conduct research,
provide advice and promote technological
developments in the renewable energy sector. In

the area of renewable technological development,
signi cant research, development and demonstration
is being undertaken across the world. Indeed, the
amount of investment capital owing into renewable
technology worldwide each year grew from €8 billion
in 2005 to €150 billion in 2007 and according to
recent reports is on track to reach €600 billion

by 2020.%

3.1 EUROPEAN UNION

A review of the 27 EU Member States’ renewable
energy forecast documents submitted to the EU
Commission at the end of 2009 indicates that the
EU will achieve its 20% renewable energy target

by 2020. According to the information provided, 21
Member States will meet or exceed their national
renewable energy targets. Ireland is also on course
to meet its 16% renewable energy target and has
the potential to go beyond this target with the right
interconnection and grid reinforcement in place.

3.1.1 WIND GENERATION

A total of 10,163 MW of wind power was installed
across Europe in 2009. This accounts for 39% of

all new generation installations last year and is

the second year running that renewable energy
accounted for the majority of new power installations
in Europe. Wind power generation now represents
9.1% of total EU installed power capacity.

Percentage of Wind Installed in Europe in 2009
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UK: 10% ]

Portugal: 7%

Sweden: 5%

Denmark: 3%

Spain: 24%

FIGURE 11: Percentage of Wind Installed in Europe in 2009
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5 United Nations Environmental Programme (UNEP), Global Trends in Sustainable Energy Investment, 2008.
Available at http://sefi.unep.org/english/globaltrends.html




In 2009, the world’s largest 0 -shore wind generation
project: Denmark’s 209 MW Horns Rev 2 windfarm

in the North Sea was brought on line. The United
Kingdom leads the o -shore category, with 40%

of global capacity, and appears intent on keeping

its position. In January 2010, The Crown Estate
announced exclusive wind development agreements
for 32,000 MW in nine zones within UK. waters,
intended to provide 25 % of the United Kingdom'’s
electricity by 2020. Overall, more than 100,000 MW
of o -shore wind is proposed or is under
development around Europe.

3.1.2 OCEAN ENERGY —WAVE & TIDAL

Wave and Tidal energy are at an early stage of
development in Europe. The potential for wave
energy in Europe is estimated to be in the region

of 320 GW. In practical terms this means that wave
energy has the potential to supply a substantial part
of the electrical energy demand of several countries
around Europe, including Ireland. Indeed, according
to the 2006 National Ocean Energy Strategy, Ireland’s
wave energy potential is estimated to be more than
6,000 MW.

Ireland’s target to have at least 500 MW of

installed ocean energy capacity in place by 2020

is underpinned by national and international work

to accelerate technology advances and solutions.

The work is being funded through the Sustainable
Energy Authority of Ireland (SEAI) and the Marine
Institute and is starting to produce dividends. In
2009, a number of indigenous companies made some
signi cant progress in the research and development
of various ocean energy technologies.

Although also a nascent technology, it is estimated
that the European marine tidal energy resource
is estimated to be su cient for 13,700 MW of

generation capacity. It is interesting to note that the
world’s rst commercial-scale tidal power generating
device has been installed in Strangford Lough,
Northern Ireland.

3.1.3 SOLAR POWER

Europe installed 5.6 GW of Photovoltaic (PV)
installations in 2009. The total PV capacity connected
in Europe amounts to approximately 15.9 GW.¢
Europe is a clear leader in the use of solar energy,

as 65% of installed global capacity lies within its
borders. Solar energy has the potential to be a

signi cant part of Europe’s total electricity generation
capacity into the future. This is dependent on many
countries having the support mechanisms in place,
so that investment costs come down. It is expected
that the share of solar power in Europe will be
roughly divided equally between photovoltaic and
concentrating solar power.

3.2 UNITED STATES OF AMERICA — RENEWABLE
ENERGY SOURCES

In February 2009, the American Reinvestment and
Recovery Act (ARRA) set forth new legislation that
puts renewable energy at the heart of plans to revive
the economy. A central tenet of the Act is to, “revive
the renewable energy industry and provide the
capital over the next three years to eventually double
domestic renewable energy capacity.”

Through arange of nancial incentives and tax

credits the Act aims to stimulate the renewable
energy industry in America and provide the capital
necessary for an industry scale-up. The ARRA
increased funding for programmes supporting the
expansion of renewable energy capacity and provided
$16.8 billion to the Department of Energy’s O ce of

“ These figures were supplied by the European Photovoltaic Industry Association in March 2010 and appear in the Global Market Outlook for Photovoltaics
Until 2014 report. This report is available on the internet at: http://www.epia.org/fileadmin/EPIA_docs/public/Global_Market_Outlook_for_Photovoltaics_
until_2014.pdf
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Energy E ciency and Renewable Energy (EERE). This
is an almost ten-fold increase over the $1.7 billion

in scal year 2008. The ARRA provides $6 billion

for a temporary loan guarantee programme that is
expected to support up to $60 billion in new loans
for renewable energy projects and manufacturing
facilities, as well as providing for transmission
expansion.

Renewable energy installations in America have seen
steady growth over the last decade with wind and
solar PV generation at the forefront of this growth.
RES in the United States almost tripled between
2000 and 2008 and today accounts for almost 11%
of installed capacity. This represents approximately
119 GW of installed electricity capacity. In 2009, wind
grew by over 39% from the previous year and solar
energy grew by almost 30%. According to the US
Department of Energy, electricity generation from
renewable energy is projected to grow at a rate
averaging 1.8% per year through 2010.

At present, the U.S. administration is working to

pass the American Clean Energy and Security Act.
This legislation is designed to further integrate

clean energy technologies, increase energy e ciency
measures, reduce greenhouse gas emissions and
guide the American economy toward a low-carbon
future. If passed, this bill will set a renewable energy
target in the U.S. of 15% by 2020.

3.3 CHINA — RENEWABLE ENERGY SOURCES

The integration of renewable energy in China is well
underway. In the 2008-2009 economic stimulus plan
China committed approx €350 billion to clean energy
and energy saving technologies. In 2005, the Chinese

Government passed the Renewable Energy Law of the
People’s Republic of China. This law promotes the

use of renewable energy, aims to improve the energy
structure and diversify energy supplies, increases
energy security and aims to protect the environment.

The Chinese Government recently outlined a four
step plan that involves reducing carbon intensity

of the economy to 2005 levels by 2020, boosting
nuclear and renewables to account for 15% of China’s
power by 2020, and further action to develop a
green economy. China has already announced plans
to integrate 100 GW of wind power capacity by 2020
and expand its renewable energy consumption to
40% of the energy market by 2050.

3.4 THE REST OF THE WORLD

Although Europe, the United States and China tend
to receive the lion's share of media attention when

it comes to renewable energy developments, many
other countries around the world are taking steps to
reduce their greenhouse gas emissions and increase
their energy security. India, for example, installed
1,300 MW of wind generation in 2009 and is the fth
country in the world to surpass the 10,000 MW level
of installed wind capacity. Last year Canada installed
950 MW of wind, while Latin America’s overall wind
capacity more than doubled to 1,200 MW in 2009.
Brazil now has approximately 600 MW of installed
wind and Mexico’s installed wind capacity has now
reached 402 MW. At the end of 2009, just 680 MW
were installed on the African continent, 90% of which
was in Egypt and Morocco. However, commercial-
scale projects are under way in several Sub-Saharan
countries, including Ethiopia and Kenya.'”

Figures from the World Wind Energy Report 2009 and are available on the Internet at:
http://www.wwindea.org/home/images/stories/worldwindenergyreport2009_s.pdf




4. Beyond 2020

The transition to a low-carbon economy and a
sustainable energy future is underway. One of the
central enablers of this shift in the coming decades

is the decarbonisation of the power sector. By
setting targets for electrical energy from renewable
energy sources, establishing energy e ciency plans
and making preparations for the roll out of electric
vehicles and smart metering, this change is already
happening in Ireland and Northern Ireland. To inform
the debate on the future shape of a low carbon
power sector on the island, EirGrid has conducted
Generation Portfolio Studies examining technology
options for a low carbon power sector beyond 2020.
Developments at the European level - looking beyond
2020 - are also gathering momentum. Political
support is growing for a European SuperGrid, which
would connect the electricity grids of Member States
and numerous o -shore wind farms across Europe
and help Members States exploit renewable

energy resources.

4.1 GENERATION PORTFOLIO STUDIES

Last year EirGrid commissioned a study examining
generator technologies and plant portfolio options
in the longer term. This study will help Ireland make
informed decisions regarding the country’s future
energy security needs and the optimal

generation portfolio.*®

The objective of this work was to investigate

potential trajectories towards dramatically reducing
the carbon intensity of power generation (notional
target set to < 100gCO2/kWh). Renewables make up a
signi cant part of all six generation portfolios used in
the study, three of which focus on high renewables

8 The Generation Portfolio Study is available on the EirGrid website at:
http://www.eirgrid.com/media/Low%20Carbon%?20Generation%200ptions%20for%20the%20AI1%201sland%20Market%20(2)..pdf

penetration (~80% energy). Other technology options
studied include gas, coal Carbon Capture and Storage
(CCS) and nuclear.

As regards RES, the study indicates that they make

an important contribution towards reducing emissions
as well as reducing energy imports, but at the
expense of incurring high capital costs. This is due

to the requirement to maintain conventional backup
capacity for managing renewable intermittency and
other high costs associated with going for very high
RES penetrations e.g. development of o -shore and
marine technology and higher system operation
costs. Interestingly, increased interconnection and/

or storage were shown to reduce the costs of
integrating large amounts of renewable energy on the
power system.

4.2 EUROPEAN SUPERGRID

In the second European Strategic Energy Review
the EU Commission called for the progress over
the next 20-30 years on modular development of
a European SuperGrid. There are now a number of
projects and groups committed to providing policy
recommendations to deliver this. The modular
development approach towards a SuperGrid
advocated by the EU Commission focuses on a
range of smaller projects such as the Kriegers Flak,
the North Seas O -Shore Grid Initiative and the
Mediterranean Energy Ring.

The bene tof a SuperGrid is that it could potentially
enable European Member States to share and
maximise their resources of wind, solar, hydropower
and geo-thermal energy, which together would




provide the foundation for a competitive, sustainable
and secure energy market in Europe for the
21st century.

As noted, Ireland signed a political agreement in
December 2009 to cooperate inan o -shore grid
initiative with other European Member States. EirGrid
is participating in this initiative and is working to
assess the viability and practicality of constructing
such a project. This political agreement ts neatly
into the concept of the modular development
approach and is considered to be an additional
building block towards the SuperGrid idea. EirGrid

is looking forward to continuing these cooperative

e orts with our European partners throughout 2010
and beyond.

A similar initiative being promoted by a number of
large companies throughout Europe is the Desertec
Industrial Initiative (DIl). This initiative is advancing
the goal of providing clean, cost-e cient energy
for the European Union, Mediterranean and North
African region (EU-MENA). The Desertec proposal
involves using Concentrating Solar Thermal Power
(CSP) plants based in the deserts of North Africa
and transporting this energy to Europe via HVDC
electricity interconnection. The project aims to cover
15% of Europe’s electricity needs by 2050.




5. Concluding Remarks

The aim of this report was to outline the progress
being made in Ireland and Northern Ireland in

the renewable energy space and place these
developments in a broader international context.
Renewable energy is now a signi cant part of the
overall generation portfolio mix across the island.
At present, approximately 14% of Ireland’s and 9%
of Northern Ireland’s electricity is generated from
renewable energy sources. Our recent assessment
indicates that Ireland is on target to achieve the
national renewable energy target that 15% of
electricity be generated from renewable energy by
the end of 2010. Northern Ireland is also on target
to achieve its 12% renewable target by 2012. EirGrid
is now fully focused on ensuring Ireland’s 40%
renewable energy target is achieved by 2020.

There is little doubt that having a robust electrical
power system that has the infrastructural capacity
and technological capability to facilitate the
development of Ireland’s renewable energy
potential is the cornerstone of a robust long-term
energy strategy. Through the ful lIment our Grid25
development strategy and the East-West
Interconnector, EirGrid and SONI are working to put
in place an electricity power system that will cater for
Ireland and Northern Ireland’s future energy needs.

Alongside the role out of our grid development
strategy, EirGrid and SONI are continuing to work to
understand and develop the solutions to the many
operational challenges associated with integrating
increasing amounts of renewable energy. As the
level of renewable energy can materially alter the
characteristics of the power system, EirGrid and SONI
are developing a range of operational tools aimed at
managing the e ects of this development in a secure
manner. The ndings from the recently released
Facilitation of Renewables studies are fundamental in
this regard.

While the EirGrid Group continues to work towards
increasing the amount of renewable energy on the
system, we are fully cognisant that achieving the
energy policy targets and objectives can only be
met with the full engagement and support of all
stakeholders in the electricity sector and the wider
public. EirGrid looks forward to continuing our work
with all stakeholders in the energy sector in the
coming years.
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