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Introduction i context of the cost curve project Se|:

lllllll

A There is a pressing need for a better understanding of how we can
meet our policy goals (and binding targets) for GHG reduction

A We believe this study can make an important contribution by using a
coherent framework across all sectors of the Irish economy to present
a O0Obig pictured analysis i n a wa

A The analysis is not policy-prescriptive but it cuts across many sectors,
many interests and policy responsibilities. The cost-curve report does
not address all our knowledge gaps; indeed, it actually highlights
some new ones. SEI therefore regard it as work-in-progress rather
than an end-product.

A We would like to offer thanks to all those who helped in bring the
work to this point, particularly the ESB who co-funded it.

A We look forward to continued collaboration with interested parties.



Note on cost curve T uses and limitations Se|:

IRELAND

I The Ireland GHG abatement cost curve has been developed based on the proven methodology
of McKinsey's global GHG abatement cost curve. The Ireland specifics are created through
consultations with over 80 Irish stakeholders and experts from all sectors

I The GHG abatement cost curve is an approach to assess technical abatement opportunities relative
to a Abusiness as usual o emissions devel opmenjt
potential and associated cost for each opportunity. The cost curve is based on a societal
perspective and does not include behavioural abatement opportunities.

A GHG MAC curve can be ufseGHG oMAC curve can NOT &

~ ~

I Constructing an integrated perspective on | Definition of target CO,e concentration
abatement potential and opportunities to level to solve climate change issues

be _cor_npared with a givegtarget CO.e I Forecasting exact CO, prices or CO,
emissions level

regulation, or determining the technical or
| Order of magnitude evaluation and economic feasibility of policy targets

prioritization of abatement measures within ¥ L L
| Forecasting individual technologies i while
and across sectors

there is a view on learning rates and volume

I Providing a fact base to support the development for individual technologies, in the
assessment of possible regulatory database, the value of this work is its
arrangements comprehensive scope more than the depth

in individual technologies
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How to read and use this document Se|

I This document contains the outputs, key insights, sector details, and
detailed assumptions for the Ireland greenhouse gas (GHG) abatement
cost curve

I The document contains this material in three parts:

I Executive summary 7 includes a summary of the key insights from
the Ireland Cost Curve and background pages for each of these
insights

I Sector detail T includes an overview of each sector and background
details for the scenario analysis

I Assumptions and methodology 7 highlights the cost and volume
assumptions use for each of the sector abatement opportunities. It
also includes sources for assumptions and notes on the
methodology
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Ireland 2030 GHG abatement cost curvel Se|:
Abatement cost Tidal —
U per tCO,e
150 r i
Battery EVs
Wave
100 F — Lighting controls (commercial) Coal CCS new build
Plug-in hybrids —
_ ICE efficiency ]
improvements (petrol) Afforestation
50 New build efficiency Peat to wind }
package (residential)
0 [l 1 1 1 1 1 1 II 1 ] 1 1 1 1 -|_I 1 1 1 1 1 1 1 1 1 1l ]
( 2| 3 5678_"J.1112131415‘16171819202122232425262728293031
20.31 bulding | Cronore il
| Retrofit building wind Industrial process Abatement potentia
envelope improvement MtCO.,e per year
-50 H (commercial) proveme 2

—Retrofit building envelope
(residential)

-150 ‘ |; Lighting, electronics and

appliances (residential and
commercial)

— 2nd generation biofuels

1 Baseline cost curve based on 2007 IEA energy price forecasts (~60 USD / barrel in 2030) and a cost of capital of 4%

SOURCE: Ireland GHG Abatement Cost Curve 5
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Summary of insights (1/2) se|l:i

1. As aresult of current economic conditions, Business As Usual (BAU) emissions take a dip but are
expected to trend slightly upwards, growing at 0.1% p.a. compounded from 65.6 MtCO.e in 2005 to
66.5 MtCO,e in 2030

2. The Ireland cost curve for 2020 indicates total abatement opportunities below 80 U/t of 13.2 MtCO.e.
This opportunity more than doubles to 28 MtCO,e by 2030. Additional abatement opportunities from
EVs and other new generation technologies (which are more expensive than 80 U/t) increase
opportunity to 30 MtCO,e

3. Realizing full potential by 2030 will reduce abatements relative to BAU by 42%
4. In 2030, the top ten abatement levers deliver over 60% of the 2030 abatement potential

5. In 2030, power leads delivery of abatement with 11.1 MtCO.,e (40% of total) but all other sectors need
to contribute to realize I relandbs full abat emen

6. In some cases, there is complex interplay across sectors. For example, the 11.1 MtCO,e of power
abatement in 2030 includes 3.1 MtCO,e of demand reduction in buildings and industry. In addition,
there is an increase of 0.2 MtCO.e of emissions from electric vehicles, a transport sector lever for the
same period

7. lrelandds 2030 cost curve identifies 42% of fAneglat
35% in the Australia and 40% in the UK (although those country studies had a somewhat lower cut-off
for acceptable marginal abatement cost). Barriers must be addressed if Ireland is to achieve its '
Anegative costo potenti al /

1 Land-use, land-use change and forestry



Summary of insights (2/2) se|l:i

8.

10.

46% of total abatement opportunities are from sectors covered under the EU ETS. However, the ETS
sectors only contribute 33% of emissions and therefore account for a larger relative share of abatement
than non-ETS businesses

The abatement cost can vary significantly depending on fuel prices. A scenario of oil at $120 a barrel

i ncreases the O6negati ve c os g {@ronpldMEDE inthé bade gase). Ard % o]
addition, the order of the cost curve changes as different abatement opportunities are affected to differing
degrees depending on their relative fuel intensity (with regards to the reference technology that would

represent business-as-usual)

Behavioural levers could add significant reductions beyond the technical potential. We have preliminarily
identified ~3-4 MtCO,e of additional abatement opportunity (i.e., up to a further 10% reduction to post-
abatement emissions) from behavioural levers, primarily in the transport and buildings sectors. However,
issues with permanence and verification will need to be addressed, and further research into the full range
of behavioural options performed
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0 Ireland Business as Usual (BAU) scenario growth based Se|
on projections for drivers of each sector

BAU reference scenario o
GHG emissions by sector?! CAGR
I BAU reference scenario MtCO,e %
includes the emissions for
modelled sectors which are < CAGR = 01% 5 '
based on key drivers: 66.52
I Energy use in residential 65.4 ) 65.6 -
and commercial buildings ~ 527 -
. 15.5 Power 0
(Buildings) 156 16.0
I Vehicle fleet mix ' 155 ~
projection, distance - - 10.1 Buildings 0
travelled forecasts, and 10.3 100 9.8 _
blofuel_penetratlon - ' - 10.1 Industry 0.1
projection (Transport) 99 8.9 10.3
I Electricity demand and _ ' -
generation mix (Power) o 17.8 Agriculture  -0.4
I Home building projections 196 18.2 '
and GDP (Industry/ -
cement) — -
I Animal herd and farm land 10.9 11.8 15.2 e Transport =
projections (Agriculture) '
. . I -0.9 = -1.7 3.4 4.5
I Afforestation projection = . - : \ Carbon 6.6
and available land 2005 2010 2020 2030  Sinks '
(Forestry)
1 Representing sectors currently covered by Ireland GHG cdiesns cur ve. Se

2 Emissions in 2030 are based on extrapolations from various sources for each sector

SOURCE: Irish EPA, projections for 2020 (March 2009 revision); Ireland GHG Abatement Cost Curve




9 Ireland GHG abatement cost curve 2020

Abatement cost
U per tCO,e
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SOURCE: Ireland GHG Abatement Cost Curve 9
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9 Ireland 2030 GHG abatement cost curve! se|

Abatement cost

IRELAND

U per tCO,e Tidal =7
150 -
Battery EVs
Wave
100 | — Lighting controls (commercial) Coal CCS new build
Plug-in hybrids ]
_ ICE efficiency ]
improvements (petrol) Afforestation
50 . - , }
New build efficiency Peat to wind
package (residential)
0 [l 1 1 1 1 1 1 II 1 ] 1 1 1 1 -|_ 1 1 1 1 1 1 1 1 1 1 1l ]
( 2| 3 567E_AJ.1112131415‘16171819202122232425262728293031
20.31 | Retrofit buildi Onshore Ab ial
_ene\tgolt eUI ing wind Industrial process atement potentia
Pe improvement MtCO.,e per year
-50 H (commercial)
—Retrofit building envelope
(residential)
— 2nd generation biofuels

-150 ‘ |; Lighting, electronics and

appliances (residential and
commercial)

1 Baseline cost curve based on 2007 IEA energy price forecasts (~60 USD / barrel in 2030) and a real cost of capital of 4%

SOURCE: Ireland GHG Abatement Cost Curve

10




9 Potential post abatement pathway could deliver 45% se|:
reduction in emissions

MtCO.e per year

70
65.4 62.7 65.6 66.5 Business-
—— as-usual
60 | —~ - Reference
—~ ~ - scenario
= -~ - @2%
50 53.2 ~ —
S - - Emissions
40 t ~ after
38.8 abatement
30
20
10 +
O 1 1 1 1 ]
2005 2010 2015 2020 2025 2030

SOURCE: Ireland GHG Abatement Cost Curve 11
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@ Largest 10 levers could deliver >60% of the abatement Se|:

ENERGY
IRELAND

Abatement opportunities?, 2030

Lever
Abatement cost,
Lever potential, Mt CO,e U/tCO,e  Description
Onshore wind 4.1 15 I Including both high penetration and low penetration wind
Coal CCS new build 3.2 50 I Replacement of Moneypoint with CCS coal plant
Afforestation 3.0 30 I Increasing national forested area
Residential new build > . - -
efficiency package 2.8 -20 I Improved new build building energy efficiency
Residential retrofit 11 44 I Levellretroft-ibasic retrofitod package.
building envelope ' i insulation; weather strip doors and windows
LDV gasoline bundle 4 1.1 -12 1 Fuel efficiency improvement for internal combustion engines
Second-generation 11 | Sustainable biofuels used to displace petrol and diesel use in the
biofuels 1.0 transport sector
. . 1 Plug in electric vehicles that displace gasoline and diesel
Plug-in hybrid EVs 0.9 - passenger vehicles (have both electric and ICE drive trains)
Residential retrofit 53 1 Additional retrofit building improvements including high efficiency
building envelope, pkg 2 0.8 windows, doors, and high passive solar
Offshore wind 0.8 61 I Including both high penetration and low penetration wind

1 Not including organic soils restoration which may not be credited in the UNFCCC inventory

SOURCE: Ireland GHG Abatement Cost Curve 12




6 Abatement potential by sector relative to BAU Se|:
reference scenario
Ireland 2030 GHG emissions and sector abatement potential

Mt CO.e
27.8 MtCO,e
——0.6——==18=="7"- 1 TF
8.2
29 —_—1 _
=
4'51‘:3 61 _
66.5

38.8

2030 BAU Agriculture Industry/ Power?! Buildings  Transport LULUCF 2030

reference Cement potential
scenario after
emissions abatement
Proportion 2% 6% 40% 22% 16% 13%

of total

Abatement?

Power sector (including demand

reduction) accounts for the largest (40%)
proportion of abatement potential

1 Including abatement from power sector and indirect changes from power use in other sectors

SOURCE: Ireland GHG Abatement Cost Curve
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6 The sectoral breakdown of emissions after abatement would  g@f:s-
be significantly different from the current breakdown
Percentage Percentage
2005 emissions by sector!  of 2005 total 2030 emissions by sector!  of 2030 total
MtCO.e % MtCO,e %
65.4
15.6 Power 24
38.8 11
10.3 Buildings 16 B 24 | Power
. 3.9 Buildings 10
9.9 Industry 15 8.3 Industry 1
19.6 Agriculture 30 17.2 Agriculture 44
10.9 Transport 17 13.0 Transport 34
-0.9
\Carbon -8.1 Carbon 21
sinks -1 sinks i
2005 2030

1 Representing sectors currently covered by Ireland GHG cost curve

SOURCE: EPA UNFCCC 2006 GHG inventory; Ireland GHG Abatement Cost Curve



@ There are complex interactions across sectors Se|

Ireland 2030 power sector emissions

MtCO.e
Efficiency in buildings
and industry drives Electric vehicle use
demand reduction in in the transport
15.7 15.5 the power sector .Sector leads t(.) .
——0.1 — - s increased emissions
3.1 in the power sector
—==0.2 -
155 8.2
B 4.4
2005 BAU 2030 BAU  Demand Emissions  Abatement Potential
emissions  emissions reduction due to potentialto  abated 2030
growth from build-  electric 2030 emissions
ings and vehicles
industry

15

SOURCE: Ireland GHG Abatement Cost Curve




a Although Ireland has more negative cost abatements than Se|:
global average, barriers to realizing these abatements exist

| Climate and buildings likely
lead to higher opportunity

| Relatively large LULUCF
abatement reduces
proportional size

abatements (%)

Negative cost

Positive cost 58 60 65 71
abatements (%)
Ireland U.K. Australia Global

~

| Barriers to implementing negative cost abatements in Ireland include
I Capex required (especially in the current economic environment)
I Principal agent issues
I Uncertainty around returns
:
I

Lack of consumer information
High consumer discount rates applied

SOURCE: Ireland GHG Abatement Cost Curve: Global GHG Abatement Cost Curve Version 2
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@ EU-ETS/non-ETS split for 2030 Meoes  gofio

Abatement cost

U per tCO.e
160 r
140
120
100 F — Lighting controls (commercial)
80 r _ ICE efficiency
60 L improvements (petrol)
40 | New build efficiency
package (residential)
20

-60 Retrofit
buildings
-80 package 1,
residential
-100
-120
-140

Lighting, electronics and
appliances (residential and
commercial)

SOURCE: Ireland GHG Abatement Cost Curve

Retrofit
building
envelope
(commercial)

11 12 13 14 15|16

IRELAND

B NonETS
|:] Not accounted

Battery EVS:I_

Tidal

Wave

Coal CCS new build
Plug-in hybrids

Afforestation -‘

Peat to wind

17(18 19 20 21 22 23 24 25 26 27 28 29 30 31

Abatement potential

Industrial process MtCO.e per year
Improvement

Onshore
wind

— 2nd generation biofuels

Emissions Trading sector

accounts for 47%
of abatement
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@ Effect of high energy prices (oil price at $120 a barrel) Se| i

IRELAND

Abatement cost Fuel price forecast (2030) I:l BAU energy price i oil price at $60 per barrel

u/ tCOZG BAU High I:l High energy price T oil price at $120 per barrel
150 | Oil (USD/barrel) 62 122 )
Gas (USD/mbtu)? 7.33 14.19 |
Coal (USD/tonne) 61 110 Effect on electric vehicles |
Peat (G/MWh) 40 40 I Oil price directly impacts ICE
100 L _ reference costs /
Arhe comparison of BAU and high fuel | BYIWAG ChElEEs il 22
. . : to +20 0/tCO.e
price scenarios does not include any

5o | consideration of general equilibrium effects. / |
Arhe assumed societal cost of electricity is

Uu0.05/kWh in all cases X -I’ 1

. e T N . .

2[|| 3 5| 6 7 8 11(jdle 13 16 17 18 19 20 22 23 25 26 27 28 29 30 31
Abatement potential
50 B I GtCO,e per year

Effect on afforestation
I Fuel independent levers stay
100 || Effect on onshore wind at the same price but shift to
~ || Onshore wind generation costs not the right in the curve as other
— affected, however reference generation levers become relatively lower
— is gas which is heavily affected by oil cost
-150 Hi||| price and therefore the Marginal

Abatement Cost (MAC) changes
I MAC changes significantly from +10 to -
82 u/tCO.,e in high oil price scenario

-200 +
1 UK NBP wholesale price (Stg£) plus gas network costs to Ireland. BAU gas price equates to 022.00/MWh (Gross Calorific Value).

SOURCE: Ireland GHG Abatement Cost Curve; IEA




@ Examples of potential behavioural changes beyond technical se~

abatement measures (1/2)

MtCO.e per year; 2030
Calculation assumptions?

Transporti modal 0.3 A 5-10% shift to put_JIic transport, cycling or walking
. I ;0.6 A Applied only to private vehicles
shift 0.3
|1

- A 5-10% reduction in fuel consumption through improved driving (e.g.,
Transport i 06lo6 I 1.2 change gears at lower revs, smooth acceleration and braking,
eco-driving e e decrease use of air conditioning, reduce idling, maintaining proper
— tyre pressure)

|

A 50% of vehicles bought at one class smaller than currently leading
0.4 to average savings of ~10gCO,e/km
A Applied only to private vehicles

Transport i reduced
car size

A 10% road transport use reduction
1.1+ A Also applied to commercial vehicles through improved route planning
and more efficient use of vehicle capacity

Transport i reduced
travel

Total behavioural 24 '3 3 2.471 3.3 MtCO,e of

changes ' ! ' abatement may be achievable from

----- the transport and agriculture
sectors

1 Behavioural effects accounted for after implementation of all other levers

SOURCE: Ireland GHG Abatement Cost Curve, Global GHG Abatement Cost Curve v2.0
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@ Examples of potential behavioural changes beyond technical ge@f:s

abatement measures (2/2)
MtCO.e per year; 2030

Buildings 1 reduced
room temp (-2C)

Buildings 1 reduced
electricity use

Buildings 1 reduced
floor space of new
builds

Buildings 1 alternate
building materials

Spill-over effects
to industry sector

Total behaviourial
changes

1 Behavioural effects accounted for after implementation of all other levers

0.4

o

_ [

0.3

©
w
©
—_—a—_-N

0.4

1.6

IRELAND

Calculation assumptions?

A -2°C change in HVAC equivalent to ~12% reduction in energy use

A 20% reduction in lighting, appliances, water heating and electronics

A 20% decrease in average size of new builds

A Replacement of 10-20% of cement use in buildings with alternate
materials

A Cement: -15% (from floor space reduction in buildings)

Buildings behavioural levers
could lead to a reduction of 1.6-1.8 MtCO,e

for a total of 3.07 4.1 MtCO,e across the
selected behavioural levers

SOURCE: Ireland GHG Abatement Cost Curve, Global GHG Abatement Cost Curve v2.0
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Power o
Sector summary sel:

IRELAND

Power sector emissions totalled 15.7 Mt CO,e in 2005%

Under a business as usual (BAU) scenario, emissions could fall slightly to 15.5 Mt CO,e by 2030

The primary driver of emissions growth is increased electricity demand

Lower average CO, intensity through increased generation from renewables and imports, and the high
proportion of gas-fired generation, limits emissions growth

BAU

—( (o —C

—_

Onshorewindr epresents |l relanddbs biggest abatemegetuewmppjort u
high load factors (~30-35%) and the large number of available sites. It is also the least expensive
abatement lever at low penetrations at 9 0/MtCO,e. However, the costs of onshore wind could increase by
up to 24 U/MtCO,e as capacity grows due to additional capacity credit costs and lower load factors

I Offshore wind can achieve better load factors (~40%) than onshore wind but higher capex and opex will
ensure that it remains a less attractive opportunity. Abatement will be limited to 0.8 MtCO.e by 2030

I  Wave and tidal energy represent technologies that are in early stages of development, requiring
extensive R&D / prototyping, and that have high costs per tonne of CO2 abated (100 -140 4/MtCO2e). By
2030, they will contribute 0.3 MtCO2e of abatement

I Ilrelandds three pe atco-firé 30% ofsheirduelunix ith biemass which edul reduce
emissions by 0.6 MtCO.e. Low capital expenditure requirements make it a very attractive opportunity at
21 U/MtCO,e. However, this lever does not occur after 2025 due to assumption that peat plants are retired
in 2025 and replaced with wind

I New coal CCS technology could provide 3.2 MtCOZ2e of abatement if installed on a newly-built 900MW
plant. For one possible geographic arrangement (Moneypoint as the capture site and Kinsale gas field as
the storage site) the abatement cost is calculated at 50 4/MtCO2e Coal co-firing with biomass offers 0.6
MtCO.e but is an expensive lever due to the large difference in fuel prices (83 4/MtCO,e)

Abatement
potential

I Onshore wind is the most cost effective GHG abatement lever and will be vital to any GHG abatement
strategy

I However, other renewable technologies could also be developed, especially offshore wind which will
provide higher abatement as fewer suitable onshore sites become available

I High levels of intermittency on the grid due to increased wind capacity could pose some technical
challenges for the grid operator

Implications

1 Based on IPCC inventory for process emissions, and model assumptions regarding energy use

SOURCE: UNFCCC emissions inventory, Ireland GHG Abatement Cost Curve




Power

Power sector contributed 20% of total Ireland 2007 emissions Se|:
Breakdown of 2007 GHG
2007 total Ireland GHG emissions, % emissions?, Mt CO.e
100% = 68.2 Mt CO,e
14.4
@] 9%
Agriculture -
LULUCF /,,—”’ Peat 14%
Waste .-~~~
Coal 34%
Buildings [ 14
Power
Transport - other
Gas 6.0 42%

20

Transport - road

Industry ~<

1 Calculations use GWP conversion factors of 21 for CH4 and 310 for N20

SOURCE: EPA UNFCCC emissions inventory 23
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~

National Energy Forecast! shows increasing electricity demand  g@fzum
over the next 20 years

Renewables

BAU reference scenario electricity demand
TWh

Electricity Imports
Peat

Coal

Gas

The National Energy Forecast baseline
corresponds to UNFCCC reporting,
therefore only includes legislated
measures. It does not represent a
projection of Ilrela
portfolio in 2030, but provides a useful
reference scenario for the cost curve

The cost curve BAU scenario does not
account for additional policy
measures designed to ensure security
of supply and fuel diversity

2010 2020 2030

1 Adjusted for increased contracted wind capacity

SOURCE: National Energy Forecast Baseline Scenario and extrapolation to 2030; Eirgrid (for adjustments)




Power

Power sector emissions will be driven by electricity demand Se|:
and the CO, intensity of the fuel mix
Source and notes
Growth in electricity demand I National energy forecasts
TWh 1 Annual growth rate from
20257 30 extrapolated from
35.9 '
297 996 334 National energy forecasts to
2025
Total power emissions 2005 2010 2020 2030
Mt CO.e
157 155 16.0 155
2005 2010 2020 2030 Average emissions intensity of I Emissions intensity calculated
generation by multiplying the demand for
Mt CO,/TWh each fuel type (TWh) by the
relevant CO, intensity and
053 053 048 043 calculating the average
' : | Sources
I National energy forecasts
I NERA Market Simulation
2005 2010 2020 2030 and Model valuation report




Power

Power sector emissions BAU projections Se|
Projected Ireland GHG emissions
Description of BAU reference scenario Mt CO.e
BAU reference scenario is based on
National Energy Forecast baseline — BAUreference
scenario and adjusted 1qgr an 6Economic seenarnio
Shockdé scenario. It ijnclludes:_ o w===™="=""%=+4_/_ = = PRIMES
I Wind capacity growth to 1413MW1 in 16 ¢ - - /\" SN .
_ 2010 and no further increase r -
' .?ec_?_;tr)ne'is('gggsﬂs\lgnts TEEEIIEE EIE: 14 EPA projections (Marf:h 2009)
[ Marina (27MW) 12 L assume 14.8Mt CQ2 in 2007
| Great Island (216MW) undgr OWith Meg@asuresbo
I Poolbeg (1&2) 10 scenario
I Aghada (270)
I New plants modelled are: 8 r
I Aghada (CCGT - 431)
I Whitegate (CCGT - 445) 6
I Quinn (CCGT - 400)
I Interconnector (2x500MW) 4
I OCGT (200 MW)
I CCGT (400MW) 2+
I Moneypoint opens a new 1000MW plant
in 2025 with higher efficiency 0 ' ' ' ' '
I Itis assumed that other gas plants due 2005 2010 2015 2020 2025 2030
to retire before 2030 (e.g. North Wall)
are replaced with equivalent gas plants
INati onal Energy Forecast includes 1261MW which has been upedaindfaimst o c o |

SOURCE: Notes to National Energy Forecasts; EU Directorate General: Trends in Energy and Transport i Trends to 2030, P.126-127




Power

Assumptions for abatement scenarios SEI””“N““

ENERGY
a Baseline scenario

The rate of adoption of
renewable generation is

Nuclear power remains prohibited under current legislation
Onshore wind is the principal renewable abatement lever but increases in cost as based on an assumption

penetration QFOWS . . of new and replacement
New onshore wind connections are limited to 400MW/year asset investment

Adoption of co-firing biomass is currently quite low (5-10% in one of three plants). It does not fully reflect

-

-

However, the ending of the PSO encour age JRNERGEVA IR RoVAT
firing from 2015 to 2025 means of policies

I Peat plants are retired in 2025 and replaced by onshore wind designed to encourage

I Moneypoint is replaced by a new 900MW CCS plant! in 2025 strategically important

-

Offshore wind becomes viable in 2015 with a maximum of 1,000MW installed by 2030 new tech dntc?(ljogglies such as
Tidal energy becomes viable in 2015 with 113MW installed by 2030 wave and fidal power

One large wave installation (154MW), installed in 2025 i Tawnaghmore example taken
from All-Island Grid study

—_—C( =

e Nuclear scenario :
= , _ . _ o Nuclear power brings
I Assuming Oireachtas removes legislative prohibition and approves new legislation to other non-GHG related
permit nuclear challenges:
I One 600MW station is built to replace the retiring Moneypoint station in 2025 Disposal of harmful
I Load factor for nuclear plant is 75% - lowered due to increased level of wind on the nuclear waste
system Increased safety risks

-

Other renewable abatement levers remain the same as baseline scenario

Generation from renewables is limited to the same level as the baseline scenario
(52%) due to network constraints

-

1Build of a 900MW CCS plant is based on a scenario frnom BthAsskeskmedtodfl

SOURCE: Ireland GHG Abatement Cost Curve 27




Power
9 Demand change due to energy efficiency Se|:
and electric vehicles

Electricity demand change 2030

TWh
359 _
8.7 29.1
_ 1.9 [
Business as Increased Electric vehicle Demand after
Usual energy electricity changes
efficiency demand

SOURCE: Ireland GHG Abatement Cost Curve 28
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. o~
9 Power sector abatement cost curve i 2030 Se|
Societal perspective
Tidal
Abatement cost da
EUR pert CO,e
Wave
140
130 Coal co-firing
biomass ]
120 r Qnshore winc_i
110 Replacement of high penetration Offshore wind i B
100 f peat with onshore high penetration |
wind ,
0 r Coal new build _
80 r CCs Offshore wind 1
70 F low penetration?! ’
u . Onshore wind _
60 Net demand reduction - low penetration
50 >
40 r
30
20
10
O 1 1 1 1 1 1 1 1 1 1 ]
1 2 3 4 5 6 7 8 9 10 11 12
Abatement potential
Mt CO.e

1 Onshore/offshore wind low penetration represents under 4000MW of total wind capacity on the grid

SOURCE: Ireland GHG Abatement Cost Curve 29




Power
~

9 Abatement potential for 2030 se|f:

Ireland 2030 power sector emissions

Mt CO.e
15.7 15.5
——-0.1 - -
3.1
—=0.2 -
1
15.5 8.2
B 4.4
2005 BAU 2030 BAU Demand Emissions  Abatement Potential
emissions emissions Reduction  dueto potential to  abated 2030
growth electric 20301 emissions
vehicles

1 Apart from wave and tidal power, abatement potential only includes levers under 80 U/tCO,e, excluding co-firing coal with biomass

30

SOURCE: Ireland GHG Abatement Cost Curve




Power

9 Nuclear scenario i power sector abatement cost curve ser
Societal perspective; 2030
Abatement cost
EUR pert CO,e Tidal —
140
130
120 Wave
110 _|~
100 Offshorewind
90 | high penetration
80 . Netdemand reduction Onshore wind _ Offshore wind
70 low penetration low penetration
60 Onshore wind
30 r Replacement of peat high penetration ‘
with onshore wind
40 Nuclear
30 r _‘ |
20
10 t+ |
O 1 1 1 1 1 1 1 1 1 J
1 2 3 4 5 6 7 8 9 10 11 12
Abatement potential

Mt CO.e

SOURCE: Ireland GHG Abatement Cost Curve 31




Power sector
~

9 Abatement potential for nuclear scenario se|

Ireland 2030 power sector emissions

Mt CO.e
15.7 15.5
——-0.1 - -
3.1
-=—0.2 -
8.0
15.5
_ 4.6
2006 BAU 2030 BAU  Demand Emissions  Abatement Potential
emissions  emissions Reduction  dueto potentialto  abated 2020
growth electric 2020 emissions
vehicles

32

SOURCE: Ireland GHG Abatement Cost Curve
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Electricity generation fuel mix under abatement scenarios Se|:
/l Baseline scenario, TWh B coal
,/' 29-1 [ cas
/; [] Renewables
8.4 B Nuclear
Electricity generation fuel mix, TWh 0)
2030

Nuclear scenario, TWh
29.1

29.6
m
12.7
15.2

5.6 93 10.0

0,
2010 2020 =

SOURCE: Ireland GHG Abatement Cost Curve 33
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Transport
Sector summary

Abatement
potential

Implications

Road transport emissions totalled 11 Mt CO,e! in 2005 rising to

17 Mt CO.e in 2030

I Irish registered passenger cars (53%) and goods vehicles
under 16 tonnes (36%) accounted for 89% of these emissions

I Growth will be driven by increasing population, GDP and car
ownership per adult

Abatement potential of over 5 Mt CO,e exists in 2030

The largest levers are

I Improvements for LDV Gasoline ICE engines (~2 Mt CO.e)
| Electric vehicles (~1.5 Mt CO.e)

| 2nd generation biofuels (~1 Mt CO.e)

Significant abatement opportunities are reliant on continued
development of internal combustion engine (ICE) improvement
bundles

Development of EV will require support in the medium term as
they are not expected to be directly cost competitive with ICE
technologies (although EV cost will reduce in the high energy
price scenario)

1 Excluding fuel tourism, buses and motorcycles




Transport

Road transport sector contributed 20% of total Ireland 2007

emissions

2007 total Ireland GHG emissions, %

100% = 68.2 Mt CO.,e

Waste
LULUCF (1

Agriculture

Buildings

Transporti road

Transport 1
other? -~

|| Notincluded

Breakdown of 2007 GHG emissions?,
Mt CO.e

13.6 Mt CO,e

Fuel tourism? 1.4

Light duty
vehicles (LDV)

Medium duty
vehicles (MDV) | 4.9 (3606
Heavy duty
vehicles (HDV
tovl o1 €@

~
~,

1 Assumed residual 10% of emissions, consistent with fuel tourism estimates e.g. Mid Term Review 2008

2 Includes ~0.8 mt CO2e aviation and rail

SOURCE: EPA UNFCCC emissions inventory




Transport
A number of drivers of emissions have been considered . .. Se|:

ENERGY
IRELAND

Driver forecast Notes / source

I Vehicle numbers are based on

! population and GDP (ESRI) growth
(6000) LDV 1.660 2024 2.638 3.033 | LDV are driven by population
growth up and an increase of car
ownership per adult to 0.7 by

Vehicle numbers

2030
I MDV /HDV are driven by GDP
growth
2006 2010 2020 2030
LDV 16.996 16.409 15.296 14.259 I Average km travelled are based on

Average annual
vehicle distance MDV
travelled (km)

NCT data for LDV©6s
averages (I EA) for
HDVOs
1 Small decline in LDV km driven
(0.7% / year) assumed to
continue to 2030 as car
ownership rates increase

HDV

2006 2010 2020 2030

Without specific abatement
technologies some decrease in
emissions per km are assumed over
the next 3 years

LDV emissions levels are tested
emissions levels and must be
scaled up to on the road emissions
MDV / HDV are on the road

LDV
Average

emissions MDV
(g/CO2e / km)

HDV

2006 2010 2020 2030 emission levels

SOURCE: IEA (MDV / HDV), Authentic (LDV)



Transport

... leading to a business as usual emissions projection seiw
Projected Ireland GHG emissions

BAU emissions Mt CO,e

I BAU emissions projection —— BAU reference case
includes forecasts of — — National energy
vehicle numbers in the LDV, forecasts i baseline
MDV and HDV categories 18 1
along with changes in KM 17 r
driven and average 16
emission per KM

I Minimal penetration of =
abatement levers is 14 r
assumed in the BAU case 13 +
e.g. biofuel generation 1 12 |
(2.2%), LDV Gas bundle 1

_ (3%)etc L EPA 2007 transport

| Buses, motorcycles, rail, 10 + inventory i
aviation and marine are all 9 L 11.4 Mt CO,el
excluded

I Fuel tourism does not 8 r
feature, as emissions are 7 : : : ! :
calcliiatedibased onikin 2005 2010 2015 2020 2025 2030

travelled by Irish vehicles

1 Adjusted for fuel tourism (~1.4 mt CO2e) and domestic aviation (~0.7 mt CO2e) and rail, buses, motorcycles and marine (~0.8 mt CO2e)

SOURCE: Ireland GHG Abatement Cost Curve; IPCC National Greenhouse Gas emissions inventory 2006 - Ireland
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Transport sector abatement cost curve i 2030 Se|:

IRELAND

Societal perspective; 2030

I Almost 2Mt CO,e of negative LDV Ellectric
cost abatement potential from vehicle
Abatement cost LDV ICE improvements LDV
G pertCO,e Gasoline —
_ plug in
140 LDV Gasoline hybrid? 125
120 bundle 2 :
— Biofuel

100 r generation 1!

80

60 r LDV Gasoline 45

40 r bundle 3

20 r 11

o P . . || — | .
20 | 0.65 12 To5 | 2 3.90 4.55 5.20
a0 | %

-60 F

80 } Biofuel Abatement potential

[ | : generation 2* Mt CO.,e per year
100 Loy IBD\ileaArsollne 2
undie LDV Gasoline
full hybri
LDV Gasoline ull hybrid
bundle 1

1 Costs assume no premium on locally produced biofuels, and full incremental battery cost for plug-in hybrid and EVs passed on by non-Irish
manufacturers

SOURCE: Ireland GHG Abatement Cost Curve 39




Transport
Sector emissions projections se|f:

IIIIIII

MtCO2e per year

18

16 Business-
@ as-usual
14

12

10 r Emissions after
abatement

2005 2010 2015 2020 2025 2030

SOURCE: Ireland GHG Abatement Cost Curve 40




Transport

—~
Transport sector abatement cost curve Se| i
Ireland 2030 transport sector emissions
Mt CO.e
B 17.5 B
5.1
6.6
3 12.4 (02—
10.9 B
2005 BAU 2030 BAU Abatement Potential Additional
emissions emissions potential to abated 2030 power
growth 2030 emissions emissions for
electric
vehicles?!

1 Emissions accounted for in power sector

SOURCE: Ireland GHG Abatement Cost Curve 41
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. ~
Transport sector abatement cost curve i 2020 Se|:

ENERGY
IRELAND

Societal perspective; 2020

LDV Electric
vehicle
Abatement cost Ic_sgl‘/oline .
UpertCOze plug in hybrid "
350 :I': 155 . -
150 r Biofuel . oy
eneration 1
J Gasoline full ®
100 hybrid
LDV Gasoline
® bundle 2 Biofuel &———
50 generation 2 35
8 19
6
O O 1 1 I 1 1
13 -8 0.65 1.95
-0 37 Abatement potential
Mt CO,e per year
: I PHEV and EV costs are significantly

- L |-87 LDV Gasoline

100 bundle 3 higher in 2020 as compared with 2030

I Learning curve assumed reducing up
_ front cost (e.g. battery) in 2030*
LDV Gasoline I CO,e intensity is higher in 2020
bundle 1

SOURCE: Ireland GHG Abatement Cost Curve 42
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Buildings
Sector summary sel:

IIIIIII

| Buildings accounted for 10.2 MtCO,e in 2005
I 73% Residential
I 27% Commercial

| Energy use is forecast to increase but emissions in buildings remain
stable until 2020 due to a change in fuel mix to lower CO.e intensity fuels

| There is an abatement potential in 2030 for 9.1 MtCO.e
I 6.1 direct emissions
I 2.9 indirect emissions
I 6.2 MtCO,e residential
Hotential _ | 2.9 MtCO,e commercial
| The top 3 levers are
I New build efficiency package residential (2.8 MtCO.e)
I Retrofit building envelope package 1 - residential (1.1 MtCO.€)
I Retrofit building envelope, package 2 i residential (0.8 MtCO.e)

Abatement

| The majority of the abatement opportunities in buildings are cost negative
I there are a number of reasons why they have not been implemented
already
I High consumer discount rate applied to capex
I Principal / agent issues
I Access to finance

Implications




Buildings
Buildings contributed 14% of total Ireland 2007 emissions Se|:u

AAAAAAA

|| Notincluded

Breakdown of 2007 GHG emissions,

2007 total Ireland GHG emissions, % Mt CO,e
100% = 68.2 Mt CO,e 9.7 Mt CO,e

Industry Transport - road . e

Fransport - other Residential 7.0 @

(1 Buildings
Power
N Commercial | 2.7 28%

Waste Tl
LULUCE Agriculture BN

SOURCE: EPA UNFCCC emissions inventory 45




Buildings
We have developed a business as usual projection based on se|:
residential completions and GDP

2005 emissions BAU projection

I Energy usage for 2005 taken from I Residential completion rates based
the National Energy Forecasts on SEI data

I SEI emissions factors assumed for I 22,500 completions in 2010
each fossil fuel type (tCO,e / MWh) rising to 40,000 in 2014 and
I Coal 0.34 stabilizing
I 0il 0.27 I Average new build assumed to
| Gas 0.20 be
i Other 0.39 0130 m2

i Electricity emissions come from 0150 kWh / m2
cost curve analysis of the power I Building life of 60 years
sector

I Commercial growth based on GDP
growth (ESRI oOcredi
projections, adjusted)

2008 building regulations are not included in our BAU
| Regulations on incandescent light bulb use are not included in our BAU
| Rationale: consistency with National Energy Efficiency Action Plan




Buildings
Business as usual emissions projection Se

IRELAND

Direct and indirect emissions

= == Direct emissions only

Business as usual emissions projection (direct and indirect emissions)

Mt CO,e
24 ¢
21.4 221 21.5
I 20.6 20.3
21 T193 / \ —
18 ) _
Decline due to decreasing
15 | CO,e intensity of electricity
12
102 100 9.7 9.8 9.8 10.1
ol L
6 -
3 »
0 1 1 1 1 ]
2005 2010 2015 2020 2025 2030

SOURCE: National energy forecasts, SEI emissions factors; SEI housing competition projections



Buildings pue
Buildings sector abatement cost curve Se|:

IRELAND

Societal perspective; 2030

NEW BUILD _
—e efficiency pack- Retrofit ~—
Abatement cost age, residential BUILDING
U/ tCO,e ENVELOPE,
60 -~ LIGHTING - switch package 2= 53
incandescents to residentia
40 r LEDs, commercial
20 A
0
O 1 1 1 1 1 1 1 1 1 1 1 1 1 [} 1 1 1
220 0 1.0 2.C 3.0 4.0 5.0 6.0 B 80 85 9.0 95
-20
40T — Abatement
-60 H 56 potential
80 B MtCO.,e
-100 H B LIGHTING Retrofit BUILDING
o _ —e ENVELOPE, residential
-120 { |+ retrofit package 1
-120 controls,
-140 r.125 commercial
NEW BUILD
Retrofit BUILDING —® efficiency
ENVELOPE, o — package,
P LIC_SHTING new commercial commercial
build controls,
commercial

SOURCE: Ireland GHG Abatement Cost Curve 48




Buildings

Buildings sector abatement levers T residential Se|
Abatement Price
Societal perspective; 2030 potential (Mt CO,e) (EUR/ Mt CO,e)
ELECTRONICS - consumer, residential 0.07 -125
LIGHTING i switch incandescents to LEDs, residential® ]0.16 -125
APPLIANCES - residential JO.14 -96
LIGHTING - switch CFLs to LEDs, residential 0.04 -93
Retroflt HVAC - electric resistance heating to :|O. 17 84
electric
Retrofit HVAC maintenance i residential? :|O.18 -60
Retrofit BUILDING ENVELOPE, package 1, residential 1.14 -44
Retrofit HVAC - gas/oil heating, residential 0.66 -21 [
NEW BUILD efficiency package, residential 2.83 -20 [
Retrofit BUILDING ENVELOPE, package 2 - residential 0.84 53

Total @ Average @

1 Regulations on incandescent light bulb use are not included in our BAU
2 Includes behavioural element

SOURCE: Ireland GHG Abatement Cost Curve



Buildings

Buildings sector abatement levers T commercial

Societal perspective; 2030

Abatement
potential (Mt CO.e)

Price

~

SUSTAINABLE
ENERGY
IRELAND

(EUR/ Mt CO,e)

LIGHTING i switch incandescents to LEDs, commercialt
LIGHTING new build controls, commercial
ELECTRONICS - office, commercial

APPLIANCES - refrigerators, commercial

LIGHTING - switch CFLs to LEDs, commercial

Retrofit HVAC controls, commercial

LIGHTING retrofit controls, commercial

Retrofit HVAC, commercial

Retrofit BUILDING ENVELOPE, commercial

NEW BUILD efficiency package, commercial

WATER HEATING - replacement of electric, commercial

LIGHTING - T12 to T8/T5, commercial

0.17

0.12
0.12
0.43
0.17
0.70
0.60
0.15

:|0.06

Total @

1 Regulations on incandescent light bulb use are not included in our BAU

SOURCE: Ireland GHG Abatement Cost Curve

-125

-120

Average @

50




Buildings
Description of abatement levers in buildings sector i residential SEl?%i?‘é’v“‘”

Achieve energy consumption levels comparable to passive housing (40 kWh / M2) —
T Reduce demand for energy consumption through improved building design and orientation
T Improve building insulation and airtightness; improve materials and construction of walls, roof, floor,
and windows
T Ensure usage of high efficiency HVAC and water heating systems

New build efficiency

package

_ o I Levellretrofit-ibasic retrofito package (i mprove average dwel i
Retrofit building I Improve building airtightness by sealing baseboards and other areas of air leakage
package, level 1 and I Weather strip doors and windows

level 2 i i iti
. Insulate attic and wall cavities Retrofit Package 1 together with Retrofit HVAC

| Level 2 retrofit corresponds approximately to the domestic
I Incremental improvement to 150 kWh / m2 (C1 BER) >PONdS app y
efficiency measures pr

I Potential improvements include window replacement, .
. ) . . Energy Saving Scheme
external insulation or internal dry lining

-

When current gas / oil furnaces or boilers expire, replace with the highest efficiency model, with AFUE
Retrofit HVAC, (annual fuel utilization efficiency) rating above 95

Replace electric furnace with high efficiency electric heat pump

Reduce energy consumption from HVAC and AC through improved maintenance

Improve duct insulation to reduce air leakage and proper channeling of heated and cooled air

Ensure HVAC system is properly maintained, with correct level of refrigerant and new air filters

residential

—( = —C—(

When existing standard gas water heaters expire, replace with solar water heater, or with tank less /
condensing models

Retrofit water heating 9 . ) ) .
When existing electric water heater expires, replace with solar water heater or electric heat pumps

systems

Replace incandescent bulbs with LEDs
Replace CFLs with LEDs

—_—C -

New and retrofit
lighting systems

. I Purchase high efficiency consumer electronics (e.g., PC, TV, VCR / DVD, home audio, set-top box,
New and fret externa! power, charging supplies) instead of standard items

appliances and I When refrigerator/freezer, washer / dryer, dishwasher, and fan expires, replace with high efficiency model
electronics

SOURCE: Daiwa, expert interviews




Buildings

Description of abatement levers in buildings sector T commercial

— =

New build

efficiency package

-

Retrofit building
envelope

Retrofit HVAC and
HVAC controls,
residential

Retrofit water
heating systems

New and retrofit
lighting systems

New and nr
appliances and
electronics

—_( =<

~

SUSTAINABLE
ENERGY
IRELAND

Se

Reduce demand for energy consumption through improved building design and orientation
Improve building insulation and airtightness; improve materials and construction of walls, roof,
floor, and windows

Ensure usage of high efficiency HVAC and water heating systems

kWh / m2

Levellretroft-ibasi c retrofitdo package (~50
I Improve building air tightness by sealing areas of potential air leakage

I Weather strip doors and windows

When HVAC system expires, install highest efficiency system
Improve HVAC control systems to adjust for building occupancy and minimize re-cooling of air

When existing standard gas water heaters expire, replace with tankless gas, condensing gas, or
solar water heater
When existing electric water heater expires, replace with heat pump or solar water heater

Replace incandescent bulbs with LEDs

Replace CFLs with LEDs

Replace inefficient T12s / T8s with new super T8s and T5s

New build i install lighting control systems (dimmable ballasts, photo-sensors to optimize light for
occupants in room)

Retrofit T install lighting control systems (dimmable ballasts, photo-sensors to optimize light for
occupants in room)

Use high efficiency office electronics (e.g., printer, copier, fax) instead of standard items
For food service / grocery, use high efficiency refrigerators / freezers

SOURCE: Energy Star; expert interviews




Buildings p
Sector emissions projections se|f:

IRELAND

MtCO2e per year

24
2o | 22 Business-
\_20 as-usual
119 S— (direct and
20 ~ ~ indirect)?
—
18 =~ o~ -
~ Emissions
16 r =~ ~ @5% after
12 | =~ ~ abatement
N (direct and
12 b !\ - [ndirecy
_10 10 10 10 10 11 Business-
10 T~ — 3 as_-usual
g L ~—_ _ _ 7 (direct only)
6 r T~ —_ i
— — — _ 4 Emissions
4 t - after
abatement
27 (direct only)
0 1 1 1 1 1
2005 2010 2015 2020 2025 2030

1 Indirect emissions accounted for in the power sector

SOURCE: Ireland GHG Abatement Cost Curve



Buildings
Buildings sector abatement cost curve Se|:

1111111

Ireland 2030 buildings sector emissions

Mt CO,e
10.3
09— 10.1 B
6.1

B 4.0 L

29

oo :

2005 BAU 2030 BAU  Abatement Potential Indirect

emissions  emissions! potentialto abated 2030 abatement

growth* 2030* emissions!  emission

potential?

1 Direct emissions only
2 Indirect emissions accounted for in the power sector

SOURCE: Ireland GHG Abatement Cost Curve 54




Buildings p
Buildings sector abatement cost curve Se|:

ENERGY
IRELAND

Societal perspective; 2020

NEW BUILD Retrofit BUILDING
ici ENVELOPE, k
Abatement cost eﬁlcllency 2- residentialpac "
EUR pert CO,e package,
60 - LIGHTING residential
retrofit e—— 48
controls, B
40 commercial 34
20
0 3
0 L L ] L L L L L L L L L L L L L L L L I L L L ]
0 0{4 Cl 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 52
20 1 13
-20
-40 H -32 Abatement
—! -43 -0 potential
60 |l 0 Mt CO,e
| 6353
-80 FH -73
- Retrofit BUILDING
100 | -91 —*® ENVELOPE, _
192 residential, package 1 Retrofit BUILDING
. . ¢ ENVELOPE,
L.2.2.3.0 Retrofit HVAC, commercial commercial
LIGHTING - switch . E\e/far\%ﬁt BUI/LD'IlNG
‘® incandescents to ( (gas / oi
LEDs, commercial heating)

SOURCE: Ireland GHG Abatement Cost Curve 55




Buildings

Buildings sector abatement cost curve table (1/2)

Societal perspective; 2020

ELECTRONICS - consumer, residential

LIGHTING - switch incandescents to LEDs, commercial
LIGHTING - switch incandescents to LEDs, residential
LIGHTING new build controls, commercial
APPLIANCES - residential

ELECTRONICS - office, commercial

APPLIANCES - refrigerators, commercial

Retrofit HVAC - electric resistance heating to electric h
LIGHTING - switch CFLs to LEDs, residential

Retrofit HVAC maintenance i residential

LIGHTING - switch CFLs to LEDs, commercial

1 Includes behavioural element

SOURCE: Ireland GHG Abatement Cost Curve

Abatement
potential (Mt CO.e)

0.04

0.11

0.18

0.07

0.14

0.09

0.03

0.11

0.13

~
Price
(4 /Mt CO.e)

-94

-92

56




Buildings pus

Buildings sector abatement cost curve table (2/2) Se|:
Societal perspective; 2020 Abatement Price
potential (Mt CO,e) (U/Mt CO,e)

Retrofit HVAC controls, commercial ]0.05 -53

LIGHTING retrofit controls, commercial 0.29 -43

Retrofit HVAC, commercial ]0.10 -40

Retrofit BUILDING ENVELOPE, residential 0.61 -40

Aggregated NEW BUILD efficiency package, residential 1.34 -20

Retrofit HVAC - gas/oil heating, residential 0.46 -20

LIGHTING - T12 to T8/T5, commercial ]0.05 -12[

Retrofit BUILDING ENVELOPE, commercial 0.33 -13 [

Aggregated NEW BUILD efficiency package, commercial 0.29 ] 3

Retrofit BUILDING ENVELOPE, package 2 - residential 0.58 34

WATER HEATING - replacement of electric, commercial }0.06 48

Total ° Average o

SOURCE: Ireland GHG Abatement Cost Curve
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Cement and other industry P
Sector summary sel:

IRELAND

-

Cement industry emissions totalled 3.8 Mt CO,e in 2005

I 5% of total Irish emissions

I 67% due to process emissions (from producing clinker)

I BAU emissions rise at annual rate of 0.25% from 2005 to 2030, to 4.0 Mt
Cement production forecasts are projected in three phases

I Constant through 2010

I In line with house completion forecasts from 2010 to 2020

I From 2020 to 2030, at previous decadedg CA
Key drivers: clinker content and emissions intensity of kiln fuels

Other industry emissions totalled 10.7 Mt CO.e in 2005 (6.7 direct, 4 indirect)

Business-as-
usual reference
scenario, 2030

-

—_— =

-

Total cement opportunity: 1 Mt

I Abatement volume limited by existing efficiencies at relatively new Irish plants

I Clinker substitution (by limestone and blast furnace slag): 0.6 Mt

I Alternative fuels (e.g. waste, biomass): 0.4 Mt

Other industry opportunities: 1 Mt

I Motor systems efficiencies affect indirect emissions, are reflected in the power sector

Abatement
opportunities

-

-

Cement opportunities depend on inputs from other industries, so cross-sectoral
coordination and planning is critical (i.e. production facilities for alternative fuels, and
licenses to burn them; import availability of slag and other materials; specifications for
cements with lower clinker content; transportation and processing requirements)
Market dynamics among the three main producers can define uptake rates

Most cement abatement levers have negative cost per tonne of CO,e abated

I From -G48 / t for limestone substitution, to U2 / t for alternative fuels - biomass
Significant abatement opportunities for other industries exist in ETS and non-ETS

Implications

—_— =

-

1 Based on IPCC inventory for process emissions, and model assumptions regarding energy use
Source: UNFCCC emissions inventory, Ireland GHG Abatement Cost Curve




Cement and other industry

Industry contributed 15% of total Ireland 2007 emissions Se|:

Breakdown of 2007 GHG industry
2007 total Ireland GHG emissions, % emissions, Mt CO.,e

100% = 68.2 Mt CO.e

10.2

Waste

LULUCF Cement process

emissions

Power 23%

Agriculture

Other industry
process and
fuel use
emissions

17%

Buildings

Transport - road
Transport - other

* Emissions accounted for in power sector
Source: EPA UNFCCC emissions inventory, Ireland GHG Abatement Cost Curve




Cement and other industry

—~
BAU cement projections are based on production levels Seél::
Description of BAU Projected Ireland GHG emissions from cement
reference scenario Mt CO,e and cement
BAU reference scenario
includes:
5 6 1 — _ Cement
| 5.25 Mt cement produced - — T T T 7 77 production
in 2005, projected using 5 t
Ireland house completion
forecasts 4 + BAU
e reference
I Domestic production 3 L emissions
assumed to displace 2007 EPA inventory: 3.6 Mt
Imports due to 2008 2 | CO,e (of 12.4 Mt CO,e for
capacity increase at Platin industry, cement and
g _ 1t commercial buildings)
| Increased use of clinker
substitution materials 0 , , , , ,
T Maintained current levels 2005 2010 2015 2020 2025 2030
of alternative fuels for
process heating needs

Source: International Cement Review, 7th Edition 2006; ESRI; Ireland GHG Abatement Cost Curve; EPA Ireland projections 2008



Cement and other industry

~
BAU projections for other industrial sectors Seél::
Description of BAU reference Projected Ireland GHG direct emissions from other industrial sectors
scenario MtCO.e
> : . 70 t — :
| BAU direct emissions reference _ Direct
scenario includes: 6.5 1 emissions
, : : 60 r
| Total industry direct
emissions i cement direct 53 T
emissions 50 L
45 t

I Growth rates proportional to
industry electricity 40 P~ — Indirect
consumption estimates from . — = emissions

National Energy Forecasts 35 1 SN~ . — — —
. 30
I BAU indirect emissions
reference scenario includes: 25 r
. 20 : :
| Total industry electricity 2007 EPA inventory: 6 Mt CO,e (of
consumption i cement 15 ¢ 12.4 Mt COZe_for m_du_stry, cement
electricity consumption 10 © and commercial buildings)
I Growth rates proportional to 0.5 r
industry electricity 0 ' ' . . |
SO CHIEES el 2005 2010 2015 2020 2025 2030
National Energy Forecasts

Source: Ireland GHG Abatement Cost Curve; EPSSU



Cement and other industry )

Cement and other industry abatement cost curve I Clinker subsiituton Q@ f iz
I Alternative fuels

W cHP

| | Otherindustry (ETS)
|| other industry (non-ETS)

Societal perspective; 2030

Abatement cost Motor systems
EUR pert CO.e - efficiency (ETS) Process .. Process
30 - (()é)_trlg)lsatlon optimisation**
non-ETS
20 | [~ Motor systems Cement: [ ( :
efficiency ' '

(non-ETS) Alternative fuels:
10T Biomass

0

04 O 11 12 13 14 15 16 17 18 19 20
-10
Cement: Abat .
- . ) atemen
20 Cement: Alternative fuels: Stential
: Waste P
Clinker Mt CO.e
_30 . . 2
substitution
by slag*
-40 L CHP (ETS
& non-ETS)
-50
Cement:
Clinker substitution
by limestone

* Assumes material availability. Does not account for emissions from transportation or effects in other national markets.

** Uses conservative high cost estimate from global cost curve analysis.
Source: Ireland GHG Abatement Cost Curve




Cement and other industry

.. P~
Description of key levers Se|f:
Abatement opportunities in cement and other industry, 2030

BAU Abatement case
Abatement potential, Cost of lever, implementation, implementation, Implementation
Lever MtCO.,e u/tCO.e 2030 2030 description
Process 0.69 20.05 T 0% 1 100% 1 % of industrial sites
optimisation taking optimisation
| steps
Cement: clinker 0.30 7.97 T 0% T 7% 1 % of clinker replaced
sub by slag by slag
Cement: clinker 0.28 -48.29 T 7% T 10% I % of clinker replaced
sub by limestone by limestone
Motor systems 0.23 -40.06 T 10% T 100% " % of industrial sites
efficiency taking motor systems
efficiency steps
]?e';“e”;: alt. 0.23 2.40 T 0% T 25% i Biomass as % of
uels - bio total fuel use
Cement: alt. 0.19 7.14 T 5% T 20% I Waste as % of total
fuels - waste fuel use
CHP J0.0G -13.60 T 0% 1 15% 1 % of total electricity
usage generated by
, CHP
Total /A 1.98
1

64
Source: Ireland GHG Abatement Cost Curve




Cement and other industry

Cement and other industry sector emissions projections Se|
MtCO,e per year

All industries,

15 :

14 \J indirect B
indirect BAU

13 1 - - — — — — — emissions

—

12 + = Abatement

11 emissions

10 r

9 -

8 L

7 -

6 -

| Cement only
BAU

4 r e = = " " mom e ommmememEommeomomoma= emissions

3 r —= Cement

2 r abatement

1+t emissions

0 1 1 1 1 1

2005 2010 2015 2020 2025 2030

65
Source: Ireland GHG Abatement Cost Curve




Cement and other industry

Cement and other industry sector abatement cost curve Se|:
Ireland 2030 cement and other industry sector emissions
MtCO.e
—=—-0.1—- '
l I I_O 2—_I
2005 2030 BAU Direct Potential Indirect Abatement
emissions emissions abatement 2030 abatement scenarioin
growth potential to emissions potentialto 2030
2030 after direct 2030*
abatements

* Emission reduction occurs in power sector but abatement driven in industry
Source: Ireland GHG Abatement Cost Curve
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Agriculture -
Sector summary sel:

ENERGY
IRELAND

Agriculture emissions totalled 18.6 Mt CO.e in 2007: 27% of Ireland total

BAU forecasts emissions fall at annual rate of 0.34% from 2007 to 2020, to 17.8 Mt
I Emissions assumed constant from 2020 to 2030

Key drivers:

I Livestock caused 76% of 2007 total; cattle numbers to fall by 11%

I Fertiliser caused 20% of 2007 total; nitrogen fertiliser application to fall by 5%

Business-as-
usual reference
scenario, 2030

—_— =

-

-

Total identified abatement opportunities: 0.6 Mt

I Biggest opportunity: 0.28 Mt, from grassland nutrients (slurry) and management
(clover), at costs ranging from -065 to U9 per tonne of CO,e abated

I Livestock levers have 0.3 Mt potential, at negative cost, due to increased animal
productivity and less expense on food

Abatement
opportunities

-

Limited abatement opportunity results from regional variations in soil conditions and
farming practices, according to Teagasc and the Department of Agriculture

I Therefore only low implementation rates are possible

Research is necessary

I High levels of uncertainty around new technologies, e.g. livestock vaccines
Permanence and MRV (measuring, reporting & verifying) are challenges in agriculture,
requiring strong incentives and regulatory intervention

I Emissions tracked by levels of inputs/outputs (e.g. fertiliser sales, head of cattle),

Implications

-

-

meaning no ficredito is currently pgactisesn [ f or
I Current accounting systems mean that many abatements pursued by farmers, such
as forestry or microgeneration of powen, a

more difficult to incentivise
| r e | amgdieénsix of agricultural activities and resources positions the sector for
a potential global leadership role

-

SOURCE: Ireland GHG Abatement Cost Curve 68




Agriculture

Agriculture contributed a 26% of total 2007 GHG emissions Se|:u

IIIIIII

Breakdown of 2007 GHG agriculture
2007 total Ireland GHG emissions, % emissions?, Mt CO.e

100% = 68.2 Mt CO.e

18.6

Transport - other Buildings ~ __.----""
Transport-road ~~ || 7 N\ Enteric 48%
fermentation
Agriculture
Manure 14%
management
Industry Aaricultural
ri r
gricu tura 34%
soils
LULUGE
~~~~~~ Fuel 2 — 9
Waste ~— TTteeol uetuse 5%

Power

1 Calculations use GWP conversion factors of 21 for CH, and 310 for N,O
2 Included in BAU projections, but not subject to any abatement reductions

SOURCE: EPA UNFCCC emissions inventory 69




Agriculture
Business-as-usual forecasts include recent and anticipated Se|:

policy developments from Irish and EU level INOT EXHAUSTIVE

Policy drivers Emissions drivers

Cattle, millions

6.2
59 57 55 55 55

CAP reform Dairy

Beef

Nitrates directive

2005 2010 2015 2020 2025 2030

Fertiliser, tonnes N

Milk quotas Cerealsarea( wheat, barl ey, oatl|s),
360
N Cereals
340 \ — = Fertiliser
Biofuel schemes ! - — - =
320 \ _ - P
300 F N~
Future policy 280 L —~——_
changeseé 0=< . . . . .
2005 2010 2015 2020 2025 2030

SOURCE: Teagasc




Agriculture ~r
Declining emissions are driven by livestock and land [NOTEXHAUSTIVE g @ e

IRELAND

Source

-_

Teagasc (full forecasts

Livestock _ >
include sheep and pigs)

Millions of cattle
6.2 59 55 55

2005 2010 2020 2030

UNFCCC National

Ruminant methane production rates
Inventory Report

Total agricultural emissions!? tonnes COZe/2he2ad/year

Mt CO2e 14
[ ]

Dairy Non-dairy

196 182 180 178 178 178

Fertiliser application rates | Calculated by dividing
Kg N per hectare Teagasc for_eca_sts for
91.9 93.6 total N application by
CSO agricultural land
2005 2010 2015 2020 2025 2030 area (below)

2006 2030

-

CSO (projected to 2030

Pasture, grass and hay t 2000-07 CAGR)
a -

Millions of hectares
38 35

2005 2030
1 Calculation may not sum precisely; some inputs chosen for illustrative purposes

SOURCE: Ireland GHG Abatement Cost Curve 71




Agriculture

. ~
Grasslands account for more than 90% of agricultural land use Se|:
Irish land use, 2007 Agricultural land use, 2007
0000 hectares ( %) 0000 hectares ( %)
Forest
698 Agriculture | Fasture
(10) Crops:
A cereals
Crops:
other
Other
Grass & hay

SOURCE: National Forest Inventory, CSO
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Agriculture

Business-as-usual projections show a decline in agriculture Se|:
emissions
Description of BAU Projected Ireland GHG emissions
reference case Mt CO.e
| Reference case uses
latest forecasts from 20.0
EPA and Teagasc, and
will project to 2030 R |
" Fluctuations in 19.0
-Q0,
livestock numbers 185 9@
and fertiliser use '
. _ BAU
| Effects of prices,
demand and 18.0 ! 17.8 reference
legislation case
17.5 + (Irish EPA,
| BAU emissions are § Mar ch |¢
assumed constant from T
2020 to 2030 due to 0.5 r
high uncertainty in
agricultural policies 0 ' ' ' ' !
2005 2010 2015 2020 2025 2030
1Fol l ows I rish EPA forecasts (March 609 revision) to 2020, assumes con:

SOURCE: Ireland GHG Abatement Cost Curve 73




Agriculture

Irish agriculture abatement cost curve i 2030
Societal perspective; 2030

B Cropland
B Grassland

B Livestock

Abatement cost
G pert CO.e

80 r
70 |

60
50 F Grassland nutrient
management

40 (slurry application)

30
20
10

I_ Livestock dietary
management
(extended grazing)

0.40

~

SUSTAINABLE
ENERGY
IRELAND

Cropland no-till

Cropland nutrient
management
(slurry application)

0.45 0.50

Abatement potential
Mt CO,e per year

Emerging technologies, such as

-70 Grassland denitrification inhibitors and livestock vaccines,
management are not included due to ongoing development
(clover) and lack of commercial availability

SOURCE: Ireland GHG Abatement Cost Curve




Agriculture o~

Description of agriculture levers Se|:
Top abatement levers in Irish agriculture, 2030
Abatement Average cost BAU Abatement case
potential, Qf lever, implementation, implementation, Emissions reduction
Lever MtCO,e u/t CO,e 2030 2030 potentials?
I Management | Management I 0.46tCO2e/halyr
Grassland 0.28 -22.46 _ (clover): 1% _ (clover): 10% _ from grazing and clover
| Nutrients | Nutrients I 0.33tfrom nutrients
(slurry): 33% (slurry): 50%
. I Increased I Increased 1 4.76% emissions
Livestock 0.19 L grazing: 5% grazing: reduction from 35
60% beef, extra grazing days
100% dairy

| Tillage: 0% no- 1 Tillage: 4% no- 0.25 from no-till

|
Cropland®  }/0.02 21.21 till, 10% reduced till, 25% reduced | 0.33 from reduced till
_ &residuemgt & residue mgt I 0.6 from agronomy
I Agronomy:5% | Agronomy:25% _(cover crops)
| Nutrients | Nutrients | 0.28t from nutrients
(slurry): 10% (slurry): 30%
Total 0.39 -18.48

1 Levers for reduced till & residue management, and for agronomy, are not included in cropland totals or cost curve results due to high cost per t CO,e
2 Teagasc, Department of Agriculture, expert interviews

SOURCE: Ireland GHG Abatement Cost Curve 75




Agriculture

Sector emissions projections

MtCO.e per year

~

Se

SUSTAINABLE
ENERGY
IRELAND

[19.6

17.8

T T \\

Reference case
17.2

- Abatement scenario

20

05 2010 2015 2020

2025

2030

SOURCE: Ireland GHG Abatement Cost Curve
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Agriculture

Agriculture sector abatement cost curve Se|:

AAAAAAA

Ireland 2030 agriculture sector emissions
MtCO.,e
19.6 3 e
1.8 17.8
- ——06—__. 173 1
2005 BAU 2030 BAU  Abatement Potential
emissions emissions potential to  abated 2030
growth 2030* emissions

SOURCE: Ireland GHG Abatement Cost Curve 77
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LULUCF
Sector summary

~

Se

SUSTAINABLE
ENERGY
IRELAND

Business-as-
usual reference
scenario, 2030

Abatement
opportunities

Implications

—C —( —(

-

-

- -

-

-

LULUCF emissions totalled -1 Mt CO,e in 2007

Forestry acted as a carbon sink, absorbing -1.5 Mt

BAU forecasts an increase in negative forestry emissions from 2007 to 2020, to -4.4 Mt
I This trend plateaus and then reverses in 2030 due to historic planting activity

Key drivers: afforestation rate, currently 8 kha / year

Total identified abatement opportunities: 3.7 Mt

I Biggest opportunity: 3.0 Mt from afforestation at cost of 30 per tonne of CO,e
abated

I Organic soils restoration has 0.6 Mt potential, at cost ranging from (27 to (1201
(includes 0.3 Mt potential from restoring farmed peatland at high cost)

Further research is necessary
I High levels of uncertainty around organic soils restoration

Permanence and MRV (measuring, reporting & verifying) are challenges in LULUCF,
requiring strong incentives and regulatory intervention

Due to the age profile of planted forest, future sequestration potential is subject to
past afforestation rates, which must be increased in order to sustain the current
carbon sink

Restoration is assumed to meet the ecologically sensitive requirements of Special
Areas of Conservation, Areas of Scientific Interest, and national parkland; and to have
no impact on agricultural output due to >10% declines that are forecast in grazing
animal numbers

Source: Ireland GHG Abatement Cost Curve
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LULUCF

Forestry contributed a 1.5 Mt reduction in 2007 GHG emissions Se|

while land-use change added 0.5 Mt

2007 total Ireland GHG emissions, %

100% = 68.2 Mt CO.e

Buildings

Agriculture
Transport
- other

Transport| o
- road

Power
Waste

Industry

* Includes wetlands and settlements

Breakdown of 2007 LULUCF
GHG emissions, Mt CO.e

Cropland
Grassland
Other*

Current forest land**

Conversion to forest

** May vary from Kyoto Protocol reporting
Source: EPA UNFCCC emissions inventory; Expert interviews



LULUCF

O Raised Bog
“ Low Level Atlantic Blanket Bog
m High Level Montane Blanket Bog

. . ~
Peatl and I s esti mated to cover bse,m@e
land area
Legend ’;; X
C:QS Non Peat {i A :g"?% -

A4

| Recent research has determined

that peatland covers more area

than previously thought

I From 950,000 to 1.7m hectares

| 6Newd peatland i9g du
of small drumlin-based areas,
which are not included in
abatement analysis

i | Bogs are predominantly located in
the midlands and west
| | I Around 400,000 hectares are
o = either intact or not in significant
o economic use

0 15 30 60 90 120
[ == Kilometers

*Imagecourtesy of Connolly and Hol den, AUpdat i Abga sneadp smaopfp i pnega ta pspariola cehx toe n2t@10i8n
Source: Connolly and Holden, 2008; National Forest Inventory; CSO




