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Subject: Oireachtas Environment Committee debate on Climate Action Bill
Date: 15:07:30 Yesterday (27 102/20 13)

Dear Michael,

I am writing to you in your capacity as Chair of the Oireachtas Committee on Environment, Culture and the
Gaeltacht regarding your forthcoming debate on the Climate Action Bill. | have been involved for many
years in climate mitigation research and would welcome an opportunity to discuss the findings of my
research to the Committee.
| have researched how the energy system can transition to a low carbon future, the implications agriculture
on our carbon mitigation ambitions, the technology choices, the economic implications and the implications
of different targets. To do this | have built a number of energy modelling tools and generated the only long
term climate mitigation scenarios for Ireland. My research has been referenced extensively in the NESC
interim report on climate change, final report and in most of the background papers.
| attach two recent publications that you and the other Committee members may find of interest,
1. Chiodi A., Gargiulo M., Rogan F., Deane J.P., Lavigne D., Rout U.K. and O Gallachéir B.P. 2013
Modelling the impacts of challenging 2050 European climate mitigation targets on Ireland’s energy
system Energy Policy Vol 53 pages 169 — 189.
This internationally peer reviewed scientific journal paper presents the first and only long term
energy scenarios for Ireland and focuses in particular on scenarios that achieve ambitious long term
mitigation targets.
2. O Gallachéir B.P., Chiodi A., Gargiulo M., Deane J.P., Lavigne D. and Rout U.K. 2013 Irish TIMES
Energy Systems Model (CCRP 2008 3.1). Report published by EPA
This report presents results from scenario analysis focussing on how Ireland can meet our short term
and long term greenhouse gas emissions reduction targets at least cost.
| look forward to hearing from you.

Yours sincerely,
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Brian O Gallachéir,

Principal Investigator in Energy Policy and Modelling, 12/03/2013
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= We deweloped a techno-economic energy model of Ineland to the year 2050,

» Reductions between 80% and 95% of GHG emisions can be technically achieved.

= A S0 emissions cut in agriculture requires a 95% redections from the energy system.
» Exiending current policies implies greater electnfication and efficlency measures.

» The additional cost to achieve mitigation remain less than 2% of GDP levels in 2050,
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The Copenhagen Accord established political consemsus on the 2°C limit (in global temperatore
increase) and for deep cuts in green house gas | GHG) emissions levels toachieve this goal. The Eunspean
Unien has set ambitious GHG targets for the year 2050 { B0-95% below 1990 levels), with each Member
State developing strategies to contrbite to these targets. This paper focuses on mitigation targets
for one Member State, Ireland, an interesting case study due to the growth in GHG emdissions (24%
increase between 15950 and 2005) and the high share of emissions from agricul ture (30% of total GHG
emisgdons) We use the Insh TIMES energy systems modelling tool to build 2 nember of scenaris
delivering an 80% emissions reduction target by 2050, including accounting for the Imited options for
agriculture GHG abatement by increasing the emdssions reduction target for the energy system. We
then compare the scenaro results in terms of changes in energy technology, the rde of energy
efficiency and renewable emergy. We also quanti fy the economic impacts of the mitgation scenarios in
terms of marginal 0, abatement costs and energy system ci6is. The paper also sheds light on the
impacts of short temn targets and policies on long term mit gathon pathways.

& 2012 Bsevier Ll All rights reserved.

1. Introdudtion 1850). The report condudes that the warming of the climate

systemn is ‘uneguivocal’ and that maost of the observed inease in

1.1. Policy context

The maost recent Assessment Report from the Intergvemmen-
tal Panel on Climate Change {IPCC) (IPCC, 2007a) shows that eleven
ofthe last 12 years (1995-2006) mnk among the 12 warmest years
in the instrumental record of global surface tempemture (since
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global average temperatures since the mid-20th century is very
likely due to the observed inease in anthropogenic greenhouse
gases (GHG) concentmtions. Growing worldwide concerns regard-
ing the anthropogenic interference with the dimate systemn,
mresulted in the Copenhagen Accord that established political
consensus on the 2 °C (global temperature incease) limit and for
deep utsin greenhouse gas (GHG ) emissions levels to achieve this
poal Since December 2009, 140 countries have assodated them-
sehves with the Copenhagen and of these, 85 countries have
pledged to reduce their emissions or constrain their growth up to
2020 (UMEP, Movember 2010).
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Table 1
ELl low carbon roadmap GHEG reduction oompaned to 1990

Sectors 2005 (1) 2030(%) 2050 (1)

Powrer (C04 ) 7 5 to -G8 93 to 99

Industry (£0;) 0 3o —40 3o 47

Tran=spart {incl {0 awiation, excl mar time ) 430 + XK to -9 B ito 67

Residential and servioss (O0L) 12 37 to -53 88 o -91

Agriculture (non-Cly) 0 36 ta 37 42t 49

(ther non-{0; =missions 30 T2t -73 Tito 78

Total 7 4 to —44 Thito 82

In order to reach that objective an IPCC Assessment Report Table 2
shows that global GHG emissions must peak by 2020, while by  GHG Emissians in EU-27 and Ireland.
2050, global GHG emissions should be reduced by at least 50% - -
below their 1990 levels (IPCC 2007h). The Eumpean Union
perspective is that industrialized countries should contribute to -7 IE EFl27  IF
this global emissions reducton target by redudng GHG emissions -
by 30% by the year 2020 and between S0% and 95% by the Total CHE emisions SSas 556 51484 iﬂ [ Mt 2eg]
- . . . Variation relative to 1990 oy 1%

year Iﬂ_.ﬂ, relative to 1990 Ici:-'tls_ Ew:n. in TJ1|': absence nrmdt..‘r 2050 tamget HiTE 1l 11178 iid I 203
international agreement on climate policy in order to meet this Rechuction reguine! o] e ey
objective the EU has set ambitious greenhouse gas (GHG) emis- ) . . s :

E -related © 42839 302 40845 450 M0
sion mduction targets for 2020 (EU, 2009a, b) and 2050 (EC, e e pel
2009). Some analysis has been commissioned by the European 2050 target 4% 8 G0 858 A0 | M) 2y
Commission to establish what the contribution of individual Reduction mequired L e &

sectors should be to contribute to an overall 80% reduction goal.
Table 1 summarises the results from the EU low Carbon Roadmap
(EC, 2011}, highlighting that certain sectors (notably electricdty
generation and energy in buildings), can achieve deep emissions
cuts maore readily than others ( notably agriculture and trans port).

Within the EU, the short term GHG emissions reduction
targets for 2020 hawve been allocated to Member States (MS)
under an effort sharing decision (EU, 200894, h), but not the longer
term target. However, some Member States have already estab-
lished or are planning long term emissions targets. The United
Kingdom has legislated for an 80% GHG emissions reduction
target while France is planning to reduce emissions by 75%
over the period 1990-2050 (CCC, 2008; Environment Round
Table, 2009).

1.2. Focus of paper— Why frelond?

This paper focuses on one Member State, reland, and is based on
analysis carried out to inform disoussion regarding the Climate
Change Response Bill 2010, which proposed an 80% GHG emissions
reduction target by 2050 reative to 1990 (Gormley, 201 0). Ireland is
an interesting case study relative to other Member States for two
distinct reasons. Arst, in contrast to the EU generally, greenhouse
gas emissions increased by 24% between 1990 and 2005 as shownin
Table 2 (EEA, 2010; EPA, 2011a)

Ireland experienced high levels of emissions growth in line
with buoyant economic growth (Walker et al., 2009 ), with overall
levels of GHG emissions growing from 55,6 Mt to 69,0 Mt The
impact of this is shown in Table 2, ie., an B0% emissions reduction
target relatve to 1990 levels is equivalent in Ireland to an B4%
emissions reduction target relative to 2005 levels. This emissions
growth in the period 1990-2005 that Ireland has experienced
is in marked contrast to other industrialised countries between
1990 and 2005, as evident from EU-27 emissions figures that
deceased by approximately 8%. These trends have been changing
since 2008 by the impacts of the economic recession in Iredand,
with emissions reducing from 69,0 Mt COz equivalents in 2005 to
623 Mt in 2009 (Howley et al., 2010).

The situation for energy-related emissions is even mare strik-
ing. Energy demand grew by 3.7% per annum on average between

1990 and 2005 (Howley e al, 2006) and energy-related COy
emissions in 2005 were 49% higher than 1990 levels. An 80X
emissions reduction target relative to 1990 levels by 2050 for the
energy system is thus eguivalent to an 87% emissions reducton
target relative to 2005 levels. A significant proportion of the fall in
total GHG emissions in 2009 due to the economic recession was a
reduction in energy-related emissions (by 12% relative to 2005),
delivering for the energy system an equivalent target of 85%
emissions reducton target relative to 2009 levels.

The second distinguishing chamcteristic of Ireland is the
significant share of GHG emissions arising from agriculture,
which according to the EU Low Carbon Roadmap, provides limited
soope for deep emissions cuts. Within the EU-27, in 2005 energy
accounted for 79% of GHG emissions and agriculture is respon-
sible for approximately 11% (93% non-energy). In Ireland, how-
ever, as shown in Fig. 1, energy accounts only for 66% of emissions
(green areas), while agriculture has an important role on the
emissions balance contributing to about 28.5% ( 27.1% non-energy
related) of total GHG emissions (EEA, 2010).

Ireland has not established a firm mandatory target for the
year 2050, but does have ambitious and legally binding targets for
GHG emissions reduction targets for the year 2020 (this is dealt
with in detail in a separate paper (O Gallachéir et al., 2010hb]).
Under Directive 2009 29{BC approximately half of GHG emissions
are due to large point source emitters (within part of industry,
power generation and transformation) and are regulated under
the European Emissions Trading Scheme (ETS) The collectve
target for all participants in the EU ETS is a 21% redudion in
GHG emissions relative to 2005 levels' by 2020, Under the EU
Effort Sharing Dedsion 2009/406/EC for the remaining half of
greenhouse gas emissions (induding agrculture], ie., non-ETS
emissions, the target for Ireland is to achieve a 208 reducton
relative to 2005 levels. Recent national projections suggest that

! Far the period beyond 2050, Dinsctrve 20089/ 297BC aumes ETS emiss ans
reduce by 1.74%1 per annum (ie. squivalent to a cumulative redudtion of 3131
Tl ative to 1990 by 20501
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Fig. 1. Comparing 2005 GHG emissions share in EU-27 and Irelmd. (For interpratation of the references to mlar in this figure legend, the reader is refemed to the web

version of this arbicke)

agriculture GHG emissions will be reduced by 4 4% in the period
20052020 (EPA, 2011c). There are no published projections for
agriculture GHG available for Ireland for the period beyond 2020.
If agriculture emissions remains at similar levels to those reached
in 2020, the energy system must deliver a 127% reduction in
emissions (relative to 1990 levels Jin order to reach an overall 0%
GHG emissions reduction target by 2050. According to the EU
Low Carbon Roadmap, (Table 1), GHG emissions in agriculture are
anticipated to reduce at EU level by 36-37% by 2030 and by
42-49% by 2050. According to this Roadmap, the other (primarily
energy) sectors are antcipated to achieve more significant reduc-
tions than agrculture This suggests that the share of GHG
emissions from agriculture will grow in ime and the mle of the
energy sector will reduce. This suggests that while most dimate
mitigaton modelling tends to fous on energy, it is very impor-
tant that agriculture is not ignored.

The combination of these two contextual points (emissions
gmwth to 2005 and the significance of agriculture) results in a
considerable challenge for Ireland to meet its emissions reducton
targets for 2050 and makes Ireland an interesting case study for
analysis,

1.3 Monvadon and paper outiine

The purpose of this paper is to indease the evidence base
necessary to inform policy discussions within Ireland regarding
the choice of GHG emissions reduction target for 2050. The
particular focusis on the feasibility (from a technical perspedive)
of an 80% GHG emissions reduction target for Ireland and on
quantifying the costs assodated with meeting such a target. The
paper also assesses the implicadons of different short term
targets on long term pathways, with particular emphasis on the
separate targets for ETS and non-ETS sectors. The paper models
technical energy systems options to deliver target emissions
reductions in a least cost manner, using partial equilibrium
maodelling. It does not address the policy instruments which

2 Le, assumesd here o remain @mstant over the period 202 0- 2050

are required to achieve the technology solutions or address the
behavioural challenges to be overcome. The paper focuses on
energy-related C0O; emissions but also takes into account the
impacts of limited GHG reductions potential in agricultuml (as
indicated by separate literature analysis) on the targets for the
energy system. Particular attention will be given to the implica-
Hons for enewable energy, energy efficiency and more broadly
for the economy.

This paper is souctured as follows. Section 2 describes the
methodological approach based on the MARKAL-TIMES model-
ling tools and intmduces the Irish TIMES model used to carry out
this analysis. Section 2 also presents some of the key inputs
such renewable sources assumptions and intmoduces the different
scenarios modelled. Section 3 presents the results, comparing the
different mitgation scenarios in terms of impacts on the energy
systemn and economic impacts. Secton 4 draws some condusions,
discussing the relevance and the main recommendations for
policy makers in Ireland

2 Methodology

In recent years energy modelling has been used to provide
policy makers instruments for decision making on GHG emissions
reduction. Many detailed assessments into various regions around
the world have been undertaken and are summarized in Qarke
et al. (20089) and Das et al. (2007). Previous modelling work
on GHG emissions mitigation package has been carried at glohal
levels in IEA studies (IEA, 2010) and within EU FF7 projects
(SECLIRE). The TIAM WORLD® model has been used for scenario
assessment (Ekholm et al, 2008) and for stochastic analysis
(Labriet et al., 2008; Loulou et al, 2009; Syri et al, 2008); to
analyse the role of nuclear energy (Vaillancourt et al., 2008), of
carbon capture and storage (CC5) and renewables (Koljonen et al.,
2009) At EU level smdies on mitigaton targets have been
undertaken using energy simulation models (Heaps et al., 2009)

? ¢ hitpe) fiea-stsap.org/ veeh ppl it onG kobalasp 5.
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and least cost optimizations models such as the Pan European
TIMES model which has been used to analyse security of energy
supply (REACCESS), to investigate the mle spedfic technologies
such OCS (Ramirez et al., 2011} and to evaluate effects on future
structure of the European energy system (Blesl et al, 2010). At
national level, studies with MARKAL and TIMES models have been
camried out for the UK (Anandarajah and Strachan, 2010} and for
France {Assoumou and Maizi, 2011)

wver the medium-term, modelling has been camried on the EU
2020 dimate energy policy package using TIMES establishing
whether the individual allocation to Member States of renewable
energy and emissions reduction delivers a least cost solubdon at EL
level (Gargiulo et al, 2008; Giannakis, 2007). TIMES has also been
used at Member State level to model the impacts of energy
effidency on emissions reduction (Blesl et al., 2007 ), to model the
cost optimal way of meeting renewable energy targets (0 Gallachdir
et al, 2010a) and emissions reducton targets (O Gallachair et al.,
2010b).

2. 1. Modeling approech using the Irish TIMES mod el

TIMES (The Integrated MARKAL-EFOM System) is a widely
applied linear programming tool supported by ETSAP (Energy
Technology Systems Analysis Program), an Implementing Agree-
ment of the International Energy Agency [ [EA)L?

TIMES is an economic model generator for local, national or
mult-regional energy systems, which provides a technology-rich
basis for estimating energy dynamics over a long-term, mult-
period time horizon It is usually applied to the analysis of the
entire energy sector, but may also be applied to study in detail
single sectors. TIMES computes a dynamic inter-temporal partal
equilibium on integrated energy markets. The objective function
to maximize is the total surplus. This is eguivalent to minimizing
the total discounted energy system cost while respeding envir-
onmental and many technical constraints. This oost indudes
investment costs, operation and maintenanoe costs, plus the costs
of imported fuels, minus the incomes of ex ported fuels, minus the
residual value of technologies at the end of the horizon.

TIMES combines all the advanced features of MARKAL (Market
Allocation) models, and to a lesser extent of EFOM (Energy Flow
Model Optimizaton) modes. The equations of the inidal MARKAL
maodel appear in Fishbone and Abilock (1981) and numerous
improvements of the model have been developed since then for
various applications | Kanudia et al, 2005; Kanudia and Loulou, 1999;
Labriet et al, 2005). The full technical documentation of the TIMES
maodel is available in Loulou et al. (2005). The TIMES [MARKAL family
of models is widey used intermationally and therefore has the
significant advantage that the results can be compared with other
oounthes,

In this paper, the Irish TIMES model has been used, which has
been developed tobuild a2 mnge of medium (to 2020) to long term
(to 2050) energy and emissions policy scenarios in order to
inform policy decisions. Irish TIMES was originally extracted from
the PET™ model (Pan European TIMES Model that includes ELZ7,
lceland, Morway, Switzedand and Balkans countries] and then
updated with local and more detailed data and assumptions
(0 Gallachéir et al., 2010c).

The Irish-TIMES model represents the energy system of Ireland
and its possible long term evolution. The core model contains a
large database of (approximately 1600) energy supply side
and demand side technologies. The database contains technical
data (eg. thermal efficiency, capadty], environmental data (eg.,

4 hitt  fiea-emaporg [ .

emission coefficients) and economic data (e.g., capital costs) that
vary over the entire ime horizon.

The actual system encompasses in a network of technologies
all the steps from primary resources in place to the supply of the
energy services demanded by energy consumers, through the
chain of processes which transform, tmnsport, distribute and
convert energy into services, as shown in Fig. 2. The Irish energy
system is characterised and modelled in terms of its supply sector
(fuel mining, primary and secondary producton exogenous
import and export], its power generaton sector (including also
the combined heat and power desoiption), and its demand
sectors (residential commercial and public services, agricultural,
transport and industry L.

The key inputs to Irish TIMES are the demand component ( energy
service demands), the supply component (resource potential and
costs), the policy component (scenarios) and the techno-economic
component (technologies and assodated oosts to choose from )

22 Demand component

The model is driven by exogenous demand spedfied by the list of
each energy service demands (ESD), actual vahles in the hase year
(malibmtion} and values for all milestone years until 2050 (projec-
tion}. The number of energy service demands can vary bebtwesn
different models and the level of detail of data available for each
sector. In the Irish TIMES model, the demand component is driven
by &0 different ESD (specified by the list in Table 3}, namely 20 for
the residental sector, 12 for services, 13 for industry, 13 for
tmnsport, 1 for agriculture and 1 for non-energy. Higher levels of
detail are used in the residential sector, in which heat and water
end-users are dassified according to 6 different dwellings types,
spedfied as new or existing and also distinguishing between urhan,
rural and multi-apartment; and in the case of services sector, in
which the model distinguishes between 4 types of dwelling (new/
existing, large/small). In the transport sector, mean car and motor-
cyde size is used to describe private transport, while public
tmansport distinguishes between urban and interdty services. In
the industry sector, standard production chains have been used to
design specific sectors such for example Cement and fron ad Steel,
while aggregate end-users are defined for the Other Non-Enengy
Intensive industry and the agriculture sector.

Table 3 also indicates the unit used to represent each demand
driver, which varies across ESD (for example the amount of ar
road travel in passenger kilometres, residential lighting final
energy in P, cement production in Mt, etc.).

Projecting future energy service demands over the tme
horizon within TIMES require two sets of pammeters: demand
drivers and elasticities. Both demand drivers (for example popu-
lation, GD'P, number of households) and demand elasticites are
maosty linked to economic adtivity and to energy prices, which
are usually exogenously obtained via other models or from
accepted other sources. To drive the demand component in Irish
TIMES, macro-economic forecasts from the Economic and Sodal
Research Institute ( Bergin et al., 2010} are used as demand drivers
that are summarised in Table 4, in conjundtion with GEM-E3's®
industry Autonomous Energy Efficiency Improvement (AEEL)
(GEM-E3]. Ireland’s published baseline national energy forecasts
(Walker et al., 2008 } were used tocalibrate the dasticities used in
the reference energy scenario within Iish TIMESS.

% GEM-E3 acronym stands for “General Equilibrium Model for Econarmy,
Energy and Environment

% Raseline scenario to 2020 incorparates the expected impact of policies and
meamures that were in place by the end of 3008 It includes energy Sffidency
megsures such the 2008 Building Regulations, the change in private-ar tacation
ta an emissions-based sysiem and the pilot Home Energy Sawvings Scheme.
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Fig. 2. Irish TIMES Reference Energy System (Gargiulo =t al., 20100

Demand drivers rates (DDR) and elasticities constitute the
energy service demand driver (ESD Driver) over the period using
the following formulas:

Demand Dri
DDR)= ( (#ﬂ) -t ) m
ESD driver(t) = {1+ DR peelostici E == 1 AEET) 2)

where © is the reference year for the demand driver.

Once the drivers are determined and gquantified for each sector
and period, the construction of the demand scenario reguires
computing a set of energy service demands over the horzon
{Loulou et al, 2005) according to the following formula:
Demandy £) = (Demand({t —1 pelriver(t)) 3

To take into account the complexity of residential sector that is
chamacterized by different dwelling types and ages, mesidental
heating demand is modelled differently. The main demand driver
here, the number of dwellings, is combined with specific dwelling
consumption. For exising rural, urban and mult-apartment
dwellings spedfic consumpton is based on historical data, while
for new dwellings deeasing consumption over the ime horizon
is evaluated taking into account the impads of new building
regulations (Dineen and O Gallachdir, 201 1). Demand for existing
and new stock of dwellings is evaluated using the following
Formulas:

Demand{f) = (Z Number Of Dweling(t Spedfic 'I:D.I'.IELI:D'IPI:I-D.I'I{I:JJ
r

i)
where t is the year of construction of the dwelling, while Specific
Consumption is expressed as (energy (dwelling).

To deliver energy service demands each demand sector is
chamacterized by a large demand technology database. The data-
base contains all technical, environmental and economic data
to desribe the existing technology stock and all possible future
technology options. Table 5 presents an extract of this database
for private car transport demand sector.

23 Supply component

A key inputto Irish TIMES on the supply side is the present and
future sources of primary energy supply their potentals and fuel
prices. The prices for conventional fuels are those inherited from
the PET model and are drawn from the IEA’s reference scenario in
the World Energy Outlook 2008 (IEA, 2008 )

Given the importance of renewable energy for the achieve-
ment of mitigation targets, Iredand’s energy potentials and costs
arme based on the maost recently available data. The upper capacity
limit for onshore and offshore wind energy, summarized in
Table 6, for the year 2050 is 144GW (Chiodi, 2010; DETl &
DCEME, 2008; SEI, 2004 ).

The ocean energy resource potential is aligned with the ocean
energy roadmap (SEAL 2010) and set at 29 GW in 2050, while the
total resource capacty limit for domestic bioenergy has been
set at 1230 ktoe for the year 2020 and at 3500 ktoe by 2050. The
potental for each individual commaodity is shown in Table 7, are
hased on the results of Bioenergy Strategy Group (BSG, 2004 ) and
Srmyth et al. (2010). The potential for addidonal large hydro plants
in Ireland is limited but further deployment of small hydm plants
is possible (ESBI and ETSU, 1997). The maximum capadty for
hydro energy has been set at 224 MW for large plants and at
250 MW for run of river plants. The existing 292 MW pumped
hydro storage plant is also modelled. The use of solar and
geothermal energy in Ireland is limited only to small installations
in the residential and services sector mostly for space and water
heating purposes. Because solar and geothermal energy contri-
bute marginally to soenarios outputs, no maximum potentials
have been provided in the model.

The cost assumptons for renewable energy technologies are
from the walues in the PET model used in the Intelligent Energy
RES2020 project (RES2020) and where available, data changes
were made based on updated information. In the case of wind and
ocean energy, the data used in the model are based on analysis of
intermational trends (induding wind turbine capital costs) and
oosts specific to Ireland (for example grid connecion costs)
(Chiodi, 2010; O Gallachéir et al., 2010d).
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Table3
List of exogenous energy servics demamds in the ish TIMES mods]_
Source Irish TIMES model
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Cinde Desicri ption Uit (*) Cinde Desuription Uit (*)
Ri=sidential (20 Indus=try (13}
IR Clothes drying. M 1AL Alminium it
ROOK Cooking | 1AM Ammmonia Nt
ROWA Ulothes washing n KKH Other chemicals ]
RIWA [Hish washing ) KL Chiorine Mt
HHME Space heat mult_allexisting. M KM Cmeent Mt
HHMN Space Heat multiall new M KU Capper it
RHRE Space heat single mural ex ] IFB Food and beverages M
RHRN Space heatsinglemuralnew n ns trom amd steel Nt
RHUE Space heat single urhan_ex ] LM Lime= Mt
RHLUN Space heat single urhan new M INF Other non-farmme Metls ]
RIG Lighting ] INM Other non-metall c minerals M
ROEL Other eledmic ] Lill (ther non-ener gy intensive M
ROEN Other energy n IPL Lo quality paper Nt
RREF Reefrig eration ]
RWME Water haatmultialLevisting. ]
RWMN Water heatmu b all new ] Tran=part {13}
RWRE ‘Water Heat single muralex ] TAl Aviation intemational
RWEN Water heatsingle muralnew | TAV Aviation generic |
RWLE ‘Water heatsingle ur hamex ] THl Rinad bus interdity. Npakm
RN Water heatsingle ur ham new ] Tau Rioad bus urhan. Mpakm
TCL Rinaed car long distanoes Mpakm
L5 Rinaed carshort distanos. Mpakm
Services (12) TFR Road fraight Mtwkm
OOk Cooking. ] ™0 Rinaed Tt Npakm
CaE Space ool large. ] T™HA Mawigation generic ]
OSE Space oo Lsmal L ] T™HH Mawigation generic bunker ]
CHLE Space heat large. M TTF Radl freight Ndtadom
CHSE Space heat small. | TTL Rail passengers light. Mpakm
(=il H Lighting. n TP Hail passengers heawvy. Mpekm
COEL (ther elednic. 5]
Pl Public Lighting. )
CREF Refrigeration. M Agriculiure (1)
OwWAE Water heatlarge. ] AGR Agriculture, fishery, forestry M
CWEE ‘Water heatsmall n
ONE Other sector. ]
Hon energy (1)
MWED Others ]
{*)F] here means “F) of final energy in the base year'.
Table 4
Trends of demands drivers in the Irish TIMES mode] 2005-2050.
Driver Descripbon 052010 HNG-2015  H15-HH X205 RS-2030 0 2030-2035 2053040 AHKMO-2050
23] [ ] ) =) (=) (k3] 23]
GOF Gop LIS LE 116 212 136 1485 1498 1463 149
PP Fopulation 1.4 85 1 089 059 054 LU 034
HOU  Number of hosshokds 2.7 142 1492 184 160 1.14 L | 61
RED  Residential s=cior 123 2497 2139 164 214 217 142 169
TRA Trams port: sechar i) 283 334 21 228 277 19 1.74
THAc Tramsport demand by houschaokds 352 i 147 LIEE 203 2.5 1.78 1.76
AGR Agrimburne (06 il 5} 649 a7z LIEY] 043 illi -} ooy
NENF  Industry: iron & sbesl and non-ferra 2n 535 215 051 222 2n 143 164
KH Industry: chemizl 2n 535 215 %1 222 2n 143 1.64
INMPP Industry: other energy intensive 1343 733 3483 239 059 059 L] 6g
{Buildings )
il Industry: other i ndus tries i} e 230 076 189 142 1.56 141
COM  Servioes seotar 2R 200 145 157 2 210 1464 156

2.4, Model sets and asumptons

The Irish TIMES mode used here has a ime horizon of 45 years
that ranges from 2005, the base year, to 2050, with time resolution
af four seasons with day-night tme resolution, the latter comprising
day, night and peak time-slices.

The cument version of Irish TIMES does not have an elastc
demand module, therefore, the energy system can respond here
to emissions constraints through energy efficiency and energy

supply technology change but not through demand reducion.
Energy conservation for the existing building stock (ie., additional
building insulation] are modelled as additional proxy technology
options (with assodated costs) and are available options in the
least-cost optimization.

The maodel also embeds several constraints to improve the
realism assodated with future energy pathways. In fad the
intrinsic nature of a linear pogramming model could otherwise
deliver in many cases extreme technology switches. Constraints
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Table s
Private car transpart tschnology datahace
Sourre Irish TIMES miodel

Code e scri ption Adtivity undt Lapacity unit
Existing TCARDET 100 Car DET00 hame-year. {Mipakm) {100 0vehickes)
TCARGEL10O Car 510 haes -y (Mpakm) {100 0vehicles)
TCARLPGIO0 Car 1P 0L hase-year. ([ Mpadan) {100 Chehickes)
e TCAR_PH Car plug-in_ybhrid (Mpakm) {100 0vehicles)
TCARSHDLIM Car hiodiese] 01 {Mipakm) (100 tvehicles)
TCARSDME 110 Car. dimethyl sther. 10 (Mpekm) (100 0vehicles)
TCARSDET 101 Car. diesel01 (Mpekm) (100 0vehicles)
TCARSIET 210 Car_ diessl hybrid 10 {Mipakm) {100 0vehickes)
TCARSELCT 10 Car_ electric 10 (Mpakm) {100 0vehicles)
TCARSETH10M Car_ ethanal01 {Mipakm) (100 0vehicles)
TCARSFTIN 10 Car_ Fl-diesel 10 {Mipakm) (100 0vehicles)
TCARSGASTO Car_ gas 1 (Mpakm) (100 0vehicles)
TCARSCGH2110 Car_ comipres sed hyd rogen_internalcombas tion 10 { Mipsdm) { 100 Dwehickes)
TCARSCHZ2 10 . compres sed hyd rogen_fuslosIL 10 i Mipadm) { 10 iwehickes)
TCARSCEL10N Car. gamoline i Mipakm { 10 dwehickes)
TCARSCEL A Gar. gasp;ine_hybrid 01 | Mipakm) {1000 wehides)
TCARSLHZ110 Car_ liquified hydrogen 10 (Mpakm) (1000 wehides)
TCARSLPG1 M Car_ LPGO1 (Mpakm) (1000 vehides)
TCARSMtaH1 Car_ methanalintemalcombustion 0l (Mipakm) (1000 vehides)
TCARSMtaH2 10 Car_ methanaol fusl o=l 10 i Mipakm {1000 wehides)
Table &
‘Wind resoune potential
Tedmology Proces code Uit 2006 H10 s 1] F- (L] 20 1]
‘Wind onshare ELWWINGN 201 (Gw) 03 31 53 56 59 69
‘Wind offshore ELMWINGF201 (Gw) oo 06 10 27 EF- 75
Table 7
Hioenergy potential
Ciommaod ity Proes code Lt il ] 10 - i-{1] pLi 1] L] 50
Agricultural waste* MINBIOAG W1 (et 250 1511 128.0 1880 1880 1840
Starch crop® MINBIOCRF11 (et illi} RN 474 i 1] 740
Grassy crop (Miscanthus T MINBIOCRPT (kete 27 40 .0 ma3 3947 9103
Woody crop (Willow}* MINBIOCRPO (ketoe 111 197 1376 2844 412 70
Forestry residues® MINBIIFRER (kete) 623 915 iR L] 1(E1 10491
Biag =" MINBIOGAST (et 308 384 849 L6 4803 5740
Municipal waste* MINBIOM LN (et T 1422 1555 1555 1555 1555
Rape smed” MINBIORPET (et 17 12 143 143 143 143
Industrial wase" MINBIELL (et ad 23 740 70 74 70
‘Wood processing residues* MINBKWOOW (et 2589 2589 2589 2584 2589 2589

* Assumptions hased on BSG.
" Assumption hassd on Smyth =t al_

are designed to take into account physical limitations such the lack
of infrastructure, as for example in the case of residendal and
services sector in which we set a maximum share of gas penetration
to take into account the absence of distribution pipelines in many
areas in the country. Furthermaore, although this analysis does not
consider detailed modelling of transmission issues, frequency and
inertia issues of voltage stability, constraints are set to reproduce
operational constraints within the power system Based on work
undertaken by EirGrid (2010)Ireland Trans mission system opera-
tor), the level of intermittent (non-dispatchable] mnewable genera-
tion (namely wind, solar and ocean energy) is limited here to 70%
within each tmeslice to account for operational issues associated
with such high levels of variable genemton in the power system.
The modd also indudes a limited number of diffusion constaints to
contrmol the growth rate of certain sectors such eledridty generation
and industry sectors. For example diffusion constraints are applied
to the maximum annual growth of electricity generation capacity
and on industrial (HP plants; while a non-decreasing diffusion
constrint is applied to wind capadties. Mo diffusion constmints

are introduced in the end-use sectors the results for which are hased
on least cost consideratons.

Finally is worth nothing that all constraints designed in this
model (excliding policy constraints descoribed in Section 2.5 that
characterize single scenarios) are applied in all scenarios, and no
constraints are imposed to maintain systems until the end of their
lifetime.

Regarding polices, investment subsidies and feed-in-tariffs for
menewables based on polides cumently in pradtice are assumed
here to continue until 2030 and no trading of green certficate is
assumed.

25 Scenario definition

For the purposes of this research work five main energy system
configurations have been developed and discussed in this paper:
the Reference ( REF) scenario, introduced to provide a starting point
against which the four GHG emissions mitigation scenarios can be
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measured, namely the C02-80 scenario, the C02-95 scenario, the
NETS20/002-80 scenario and the NETS-80 scenario.

1. The Reference (REF) scenario is the least cost optimal pathway
that delivers the energy service demands in the absence of
emissions reduction targets. For the period to 2020 natonal
energy forecasts (Walker et al., 2009 ) are used as a benchmark:
it provides a starting point against which other scenarios are
ompared.

2. In the 0D2-80 scenario the energy system is required to
achieve at least an 80% €0y emissions reduction below 1990
levels by 2050 (—B65% mlative to 2005). The pathway
includes specific interim targets in line with the EU climate
energy package and the EU Low Carbon Roadmap, ie., 20% C0y
emissions reduction by 2020 relatve to 2005 levels, 40% and
G0% below 1990 levels by 2030 and 2040. It is implidtly
assumed here that non-energy GHG emissions are redudng on
a similar pathway to energy related emissions.

3. Inthe CO2-95 scenario, the energy system is required to meet a
more stringent target by 2050, ie, 95% emissions reduction
target below 1990 levels [ —96.6% relative to 2005). This is to
achieve the economy wide B0% GHG emissions reduction target
while compensating for lower emissions reduction achievemnents
in non-energy sedors (notably agriculture, which is here
assumed to meet a 50% emissions reduction by 2050) The
pathway imposed on the energy system comprises 26.8% C0,
emissions reduction by 2020 relative to 2005 levels and then 50%
and 7% below 1990 levels by 2030 and 2040, respectively. This
trajectory is established based on using exogenous GHG emis-
sions projections from agriculture available from sepamte litera-
ture analysis (EC, 2011; EPA, 201 1b). In this paper, we do not
address here the feasibility or the policy measures or technology
solution that may be mequired to achieve these reductions in
agriculture.

4. The NETS-20/002-80 scenario combines the 80& 00, emissions
target by 2050 with interim 2020 targets that distinguish
between Emissions Trading Scheme (ETS) sectors and non-ETS
sectors [ as spedfied in Directive 2009/29/EC and Dedsion 2009/
406(EC). This scenario delivers, by the year 2020, 21 % emissions
reduction (relative to 2005 lewels) for ETS sectors and 20%
reduction (relative to 2005 levels) for Non-ETS sectors. The
reduction targets beyond 2020 are as per the 002-80 scenario. [t
is implicitly assumed here that non-energy GHG emissions
redudng in a similar pathway to energy related emissions.

. The NETS-80 scenario maintains disinc targets for ET: and
non-ETS targets over the full tme horizon to 2050 This
scenario delivers, by the year 2020, 21% C0; emissions reduc-
ton {relative to 2005 levels) for ETS sectors and 20% redudtion
(relative to 2005 levels) for Non-ETS sectors. It further delivers
B0% energy-related CO:; emissions reduction by mean of
sepamte BO% targets for ETS and Mon-ETS sectors. The pathway
comprises reductions of 405 and 60% below 1990 levels for
both ETS and non-ETS sectors by 2030 and 2040, respectively.
It is implidtly assumed here that non-energy GHG emissions
reducing in a similar pathway to energy related emissions.

un

Clearly it is also possible that GHG emissions from agriculture
may remain at similar levels to those reached in 2020, or may
inrease due to inreased agricultural adtivity and limited abate-
ment optons. As already mentioned, if agriculture emissions
remains at similar levels to 2020, the energy system must deliver
a 127% reduction in emissions (relative to 1990 levels) in order to
reach an owerall 80% GHG emissions reduction target by 2050,
This has not been tested because negative emissions can be
delivered only by bioenergy carbon capture and seguestration

(0C5) technologies or by trading emissions permits, neither of
which are yet available in Irish TIMES.

It is worth noting that in each mitigation scenario we prescribe
emissions upper bounds not only in 2050 but also for each tme
period. In the case of the 002-80 and C0O2-95 scenarios, an upper
bound is imposed on overall CO; emissions and in the NETS-20/
C02-80 and NETS-20 scenarios, upper bounds are imposed sepa-
rately on ETS and Mon-ETS emissions. In all cases, the sectoral
share of emissions is the result of endogenous competidon

3. Results

This mesults for the Irish TIMES emissions reduction scenarios
for Ireland are grouped into three main sub-sections. First the
Reference (REF) scenario is compared with bwo altemative long-
term energy pathways, one that delivers an B0% reduction in
energy-related C0y emissions (002-80) and another that delivers
an B0% reduction in GHG emissions (002-95 ie., 95% reduction in
€0, emission assuming a 50% redudion in agriculture emissions).
This is followed by a discussion of some of the impacts of different
short term policy targets on long term pathways (including
having separate ETS and non-ETS targets), comparing O02-80
with NETS-20/002-80 and NETS80. Finally, the economic implica-
tions of meeting these deep emissions reduction targets is
discussed, fooussing on marginal abatement costs, total energy
systemn costs and investments costs.

3.1. Comparing REF, 002-20 and 002-95 scengrio eneTgy systems

3.1.1. Emissions trmjectories

Fig. 3 illustrates the trajectories of energy-related C0y emissions
for the REF scemario and the constrained emissions mitigation
scemanos (02-80 and CO2-95, In the REF scenario, emissions reach
33.7 Mt 00y, in 2050, representing a 24.2% reduction relative to 2005
levels, but a 12.1% inrease relative to 1990 levels. It is worth noting
how radical these scenarios are and to get a sense of the scale of
effort required. In soenario CO2-95, the maximum 00, emissions
that the energy system can produce in 2050 are 1.5 Mt This is
equivalent (in terms of Ireland's current energy system) to less than
10% of current emissions from eledtricity generation, notng that
eledridty accounts for just 18% of energy use.

Fig. 4 compares the breakdown of CO; emission reductions by
sector in 2050 for each of the mitigation scenarios. In O002-80
maost of the emission reductions are achieved in transport and
power sector, with reductions, respedtively of 15.0 Mt and 5.9 Mt
of C0z equivalent (i.e., reductions of 97 6% and 83.4%) relative to
REF scenario. The remaining 7.0 Mt of C0z emission reductions
are provided by industry, comprising a 93.7% reduction relative to
REF emissions, followed by mesidential (—49.5%) and services
sector [ —620%). To deliver the 95% C0: emissions reduction
target, additional reductions are achieved in the eledricity gen-
eration sector, that moves to almost complete decarbonisation,
and by the residential and services sectors, with redudctions of
18 Mt and 0.7 Mt, respectively (reductions of 89.0% and 98.8%
relative to REF).

3.12 Ewlubon of final enetgy consumpoon

Changes in final energy consumption are driven by economic
activity (which affects epergy service demands), the type of end
use energy (including electridty] and the effidendes of end-use
technologies, in addition to consumer response to changing
energy prices and to policy measures.

Fig. 5 presents the evolution of total final consumption { TFC) of
energy by sector for the scenarios. Comparison with Fig. 3 demon-
strates how energy consumption trends are not always aligned
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with emissions trends. In the REF scenario, TFC will inaease
by 167% in the period 2005-2050, while CO: emissions reduce
by 247% over the same time horizon. This is reated to the (cost-
effective) fuel switching between high emissions factors fuels
(mainly oil hased) to lower emissions factors ones, such natuml
gas and renewables. In the mitigaton scenarios (CO2-80 and CO2-
95) TR increases until 2020(by 6.5% and 5.5%, respectively relative
to 2005 levels), and then reduces to 7.2% and 10.3% below 2005
levels by 2050, At a sectoml leve, this reduction is mostly evident
in the transport, residential and services sectors, while industry
witnesses stable TRC levels during the whole perod 2010-2050.

There is currentdy no feedback bebtween the Irish TIMES
soenario results and the economy and hence in all scenarios,
economic growth (measured in terms of GOP) follows the same
trend, growing by 169% per annum on average over the period
2005-2050. TRC grows by 037% pa. in the REF scenario and
reduces by 0.16% and 023% p.a. respedtively in the 002-80 and
C02-95 scenarios, illustmting the increased decoupling between
economic growth and emissions growth

3121 Trunsport sector. Fig. 6 compares energy consumpbon
in transport over the period for each scenario. Total fuel
consumption is expected to grow by 36.1% in the REF scenario
by 2050 (relative to 2005 levels), while in 002-80 and C02-95
transport TRC decreases by 12.5% and 12.7%, respectively.
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Another significant difference between REF scenario and the
mitigation scenarios is the fuel share of the transport fleet. In the
REF scenario, in the period 2010-2040, the petml (gasoline) fleet
(in 2040 only 5.7% of TFC) is gradually replaced by a diesel fleet
(in 2040 diesel represents B6.0% of TFC), while in the O02-80 and
(002-95 biofuel vehicles replace the petrol fleet. By 2050 the REF
scenario allocates about 1264 ktoe (21.9% of TFC) to natuml gas
vehicles, while diesel consumption reduces to 63.3% of TFC. By
contrast, the 002-80 and 002-95 scenarios face a strong reduction
of overall consumption with shares dominated by biofuels that
account for 82.5% (3056 ktoe) and 81.2% (3001 ktoe), res pectively
of TRC.

In the REF scenario, biofuels comprise mostly biogas and
biodiesel with ratos in 2050 of 98.1% and 1.9% (albeit for a low
volume of mrenewable fuels), while C02-80 and (02-95 show
increasing shares of biodiesel (89.0% and 90.1%), mainly imported,
and bio-ethanol (1.7% and 1.8%) Biogas reduces accounting for
9.3% and B.1% of biofuel consumption.

The penetration of electric wehides (EVs) remains negligible
until 2030, when in 002-20 and 002-95 pass from 0.2% and 0.6%
in 2025 to 4.2% and 4.5% of TFC in 2030, By 2050 this share grows
to 142% (528 ktoe) in 0D2-80 and 15.6% (577 ktoe) in O02-95,
while account only for 09% in REF.

Fomusing on on-land (i.e., road and mil) transportation, Fig. 7
separates transport energy use by fuel for the different end uses
in the year 2050. In the REF scenario, freight is the most energy
consuming sector (2328 ktoe), followed by private car transport
(2200 ktoe). Public transport accounts for about 2.7% of energy
consumption. The mitigation scenarios show radical tmnsforma-
Hons in fuel shares and consumption, pushing the substitubon
of diesel and natuml gas fleets to biofuels {mainly biodiesd) in
freight and public transport; then eledrifying the private car
transport sector redudng dramatically overall fuel consumpton
through the efficiency gains.

3122 Residemtiol and services sector The residental sector
exhibits some differences at TFC level across the scenarios
mainly after 2020 (Fg. B) In the REF scenario, TFC grows
slightly (6.5% relative to 2005 by 2050), while the C02-80 and
002-95 scenarios show signifiant TFC redudtions from 2030,
These reductons are endogenously chosen as results of the
optimization and are driven by the installation of more effident
appliances (i, heat pumps and fluorescent lighting system),
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Fig. 5 Final energy demand by sector in REF, (0280 and C02.95 (ktoe).
Source: Irish TIMES model
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Fig. & Transport energy demand in REF, (02.-80 and C02.95 (ktoe).
Source: Irish TIMES model

investment in conservation (i.e., walls and windows insulation)
and fuel switching (ie., from oil to electricity). By the year
2050, C02-80 TFC is 8.7% lower than 2005, while in C02-95 this
reduction will reaches 19.2%.

In all scenarios, renewables and electridty (mainly for heating)
grows, mostly displacing oil-based heating systems. By 2050,
electridty accounts for 24.5% of TRC in REF ( +202% relative to
2005), 38.6% in (02-80 and 76.82% in (02-95, respectively; while
renewable energy, mainly biomass and biogas, accounts for 21 3%,
256% and 14.6% of TFC in REF, C02-80 and (02-95, respectively.
Delivering the more challenging emissions reductions target, as
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illustrated in the CO2-95 scenario, the model reduces direct
use of bioenergy in addition to gas, in favour of higher electricity
consumption (although not shown here, reduced bioenergy in TFC
is offset by inareased bioenergy used in electricity generation).
For the services sector (Fig. 9) the results are similar to the
residential sector, i.e., an increasing share of electricity, renew-
ables and gas, displacing completely coal and peat’ and oil use.
The effect of the emissions reduction targets is to accelerate this

7 No new coal and peat options are provided in the modd after the bae year.
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Fig. 7. 2050 transport energy by end-use in REF J02-80 amd 002-95 (kine)
Source: Irish TIMES maodel.

trend and to improve the effidency. In the REF scenario, TRC
gmws by 23.5% in 2050, while the 002-80 and (02-95 scenarios
indicate lower growth (4.3% and 1.3% above 2005 levels by 2050)
maostly due to the effect of installing momre effident technologies
and increased building effidency. Electricity in REF represents
49.4%¥ of 2050 TFC, while for 002-80 and 002-95 electridty
acoounts for 58.7% and 83.8%, respectively. The CO2-95 scenario
interestingly points to a complete decarbonisation of the services
sector by the year 2050,

3123 Indusmy sector. Moving to industry, Fig. 10 summarises
the TFC fuel mix evolution for the three scenarios. By 2050 industry
THC is about 2400 ktoe, in all scenarios, e, similar to 2010 levels,
Economic adtivity in industry increases by 96% over the same
period indicating the low energy intensity of industry in Ireland,
dominated by food and beverage manufacture, information and
communication technologies and pharmaceuticals. While the
overall TFC is similar in all scenarios, the fuel mix varies betweesn
scenarios: in the REF scenario, the energy mix is stll dominated
by oil (2B1%), electridty (26.2%) and natural gas (24.8%), while
renewahbles (mainly biomass} account for 20 9%; for the 002-80 and
C02-95 scenarios by contrast, the fuel mix is dominated by
renewables and electridty, with minor contribution of natural gas
to fuel CHP plants. In CO2-80 bicenergy accounts for 1604 kioe
(67.4% of TFC) by 2050, while dectridty account for 28, 5%, In C02-
95 the dedridty share is higher at 366% of TFC (874 kioe), while
bioenergy consumption is 11.2% lower than in CO2-80. In all
scenarios ooal and peat consumpton gradually reduoce and are
phased out from 2030 omaards.

3124 Eecmicity uwse and fuel mix Fig. 11 summarizes the
eledridty consumption by end-use sectors for the three scenarios,
In the REF scenario, eledridty demand increases from 2038 kioe
(23,707 GWh) in 2005 to 2549 ktoe in 2050 (eguivalent to an
annual average growth mte of 0.6%). In the mitigation scenarios,
elearification of transport and heat result in dectricdty demand
reaching 3358 ktoe (39055 GW h) in 2050 in CO2-80 and 4885 ktoe

(56,814 GW h) in 002-95, with average growth mtes over the period
of 14% and 3.1% pa., mespectvely. The share of electridty
consumption in overall final energy consumption, which was
17.7% in 2005, inreases by 2050 to 188% in REF, 31.0% in O02-80
and 46.7% in O02-95,

Fooussing on the end-use sectoral shares, 40.0% of electricity in
2050 in the REF scenario is used in the services sector, 30L1% in
mesidential and 22.6% in industry. In C02-80, due to electrification,
309% of eledtridty is used in the residential sector, the services
sector acoounts for 305%, and transport accounts for 16.0%
(compared with 20% in REF). The additional electrification in
002-95 is dominated by residential sector that acoounts for 37 4%
of electricity, followed, respectively by services (29%), industry
(16.5%) and transport (12%)

The electricity generation fuel mix is shown in Fg. 12, In 2005,
electricity generation was dominated by natural gas generation
(CCGT and GT plants), accounting for 429% of total electricity
generation, followed by coal and peat steam turbine power plants
(37.1%) and oil based power plants (12.0%). The contribution from
menewable energy was lead by wind power, acoounting for 4.6%
of electridty generation, followed by hydro power (3.0%) and
biogas (0L.4%). In the REF scenario, renewable generated electricity
increases to account for 546% of total electricity producton
(mainly onshore wind), while gas powered plants (mainly COGT)
account for 34.0% and coal plants provide 8.0% of power genera-
Hon. The REF scenario also contains 310 ktoe of net electricity
exports to the UK by 2050, in contrast to 2005, which induded
about 176 ktoe net dectricity impaorts.

In the mitigation scenarios, the requirements for low carbon
electricity are increased considerably. In the 002-80 scenario,
higher electricity requirements (from electrification of heat and
transport] are met by renewable production, in which non-
dispatchable onshore and offshore wind inoease by 50.0f% in
2050 (relative to REF), acoounting for 69.6% of total eleciricity
production, and by natural gas plants with Carbon Capture and
Storage (CCS) technology (19.1% of electricity generation). In the
(O02-95 scenario, electricity generation is almost entirely renew-
able powered, comprising 68.6% non-dispatchable generation
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Fig 9. Services energy demand in REF, C02-80 and (02-95 (ktoe).
Souwrce: Irish TIMES model

(wind energy) and 30.8% dispatchable renewable generation,
(253% from biomass steam turbine, 3.5% from biogas and 20%

from hydro power).

3.1.25. Renewable overview. The previous sections discussed the
contribution of renewable energy to the different end use sectors.
It is also useful to discuss renewable energy in terms of the three
modes of energy, ie., electridty, transport and thermal energy
(mainly heat but also cooling). Fig. 13 presents the renewable
energy results by mode for the two mitigation scenarios. In the
C02-80 scenario, renewable energy is divided roughly evenly
across the modes, and renewable energy accounts for 75.3% of
total electricity generation, 62.2% of thermal energy and 86.1% of

transport energy. The overall contribution from renewable energy
to energy use is 67.8% in this scenario, compared with 253% in
the REF scenario and 55% in 2010. In the C02-95 scenario, the
deeper emissions cuts require an increase in renewable use
for electricity production (+95.9% in RES-E) to deliver the 100%
of eletricity generation. Given limited bioenergy resources this
results in a reduction in biocenergy use for heating purposes
(—18.4% in RES-H) in favour of steeper electrification In this
case, renewable energy accounts for 87.2% of thermal energy and
84.9% of transport energy and the overall contribution from
renewable energy is 85.1% of energy use.

This comparison shows an interesting dimension of full energy
systems modelling. The achievement of the more stringent target
(from C02-80 to (02-95) has the effect of migrating amounts of
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renevables (iLe., biogas and biomass) from the RES-H sector to the
RESE sector, while heating is further electrified. The reason for this
behaviour appears to be related to the need to completely decarbonize
the eledricty generation sector, in order to achieve the 95% reduction
target. of. This complete decarbonization can be achieved only
displadng Gas OS5 (as shown previously in Fg. 12) with additional
renewahble generation. Because of the 70% constraint on intermittent
gene@bon [ Sedtion 2.4) biomass and biogas are the selected options.

3126 Analysing the drivng forces behind changes @ 00:
emimions. Decomposition analysis has been widely and succoessfully

used to analyse the driving forces behind changes in 00 emissions
and energy consumption. Decom positon techniques have been used
to amalyse aspects of the results of a TIMES model (Kesicdd and
Anandarajah, 2011) and in an Irish contect decomposition has been
used to examine energy consumption in industry (Cahill and
0 Gallachair, 2012) and the mesidential sector (Rogan et al., 2012)
This analysis uses the Log Mean Divisia Index | (LMDI [} method ology
(Ang and Lin, 2001).

Using a simple decomposition identity (Capros et al, 2012),
a decompaosition analysis for the change in C0; emissions was
done. For both the B0% and 95% emissions reduction scenario, the
change in Cr emissions relative to the reference scenario
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was decomposed into three effects: the change in 00; emissions
assodated with (1) fuel switching of fossil fuels, (2] changes in
energy effidency, and (3] increased use of renewable energy . The
results are shown in Figs. 14 and 15

In the B0% scenario, the impact of fuel switching of fossil fuels
(002 fossil fud energy) is attributable to the inceased share of
natural gas compared with the dominance of coal and il in the
reference scenario. The impact of energy effidency (GDPjtotal
energy) is stripped of any hidden structural effects because for
both scenarios, GDP is the same. The enlarged share of renewahle
energy | fossil fuel energy/total energy) has the most significant

050

impact on (0: emissions, contributing 65% of the reduction in
emissions over the entire period (2005-2050).

In the 95% scenario, the contribution of fuel switching of
fossil fuels shrinks as technical limits are reached; by 2050, all
fossil fuel switching options have been exhausted and because
of a minimum amount of oil consumption in the transport
sector, OOz emissions due to fuel switching of fossil fuels
actually marginally inrease (7%) in 2050. The energy efficiency
contribution to C0z emissions reducton is relatively stable,
within 5% of the contribution in the 80% scenario. The bulk of
the CO:; emissions reduction comes from renewable energy,
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which provides 83% of the CO; emissions reduction in the 95%
SCEnario.

32 The role of short term mingaton policies

Fig. 16 compares the emissions frajecories between three alter-
native scenarios that all achieve an 8 medudion in energy-related
OOy emissions by 2050 but follow distinctly different pathways, 002-
80, NETS-20/002-80 (includes separate ET: and non-ETS targets to
2020) and NETS-80 (extends the separate ETS and non-ETS targets
to 2050). The O02-80 scenario follows an unconstmined pathway
{bebween ETS and non-ETS secors) to deliver an 80% 004, reduction
target by 2050. The NETS-200C02-80 demonstrates how current short
term targets impact on the same long term target. The NETS-80
provides a scenario in which the current policy focus (sepamting ETS
and non-ETS targets) is extended over the entire time horizon

In the period to 2020, the NETS-20/C02-80 and the NETS-80
scemarios, driven by their constrained pathways, deliver at least
21% emissions reduction for ETS sectors and 20% redudtion for
Mon-ETS sectors (relative to 2005 levels). The 002-80 scenario by
contrast allocates maost of emissions redudtions in the ETS sector
[ —448% relative to 2005 levels), while non-ETS remains almost
stable [ —0.2% rel. 2005 ). Beyond 2020, the least cost solution in the
CO2-80 scenario results in an 7% reduction in ETS emissions
(relative to 1990 levels) and a 74.2% reduction in non-ETS emis-
sions by 2050. In the NETS-80 the 80% reduction relative to 1990 is
equally allocated to ETS and non-ETS sectors. It is clear from Fig. 16
that after few periods beyond 2020, the NETS-20/002-80 scenario
pathways aligns to that of the 002-80 scenario.

The main impact of the separate ETS and non-ETS mitigation
targets is the increased electrification (in particular of heating )
within the end-use sectors (as shown in Fig. 17} and the
associated redudtion in final energy consumption by improve-
ments in the energy efficiency (Fig. 18).

The Mon-ETS sectors such as residential and services are the
most affected to this process, with a marked increase in electridty
use for heating already from 2020, which account in NETS-80
for 40 8% higher than 002-80 and in NETS-20/C02-80 for 429%.
Beyond 2020 the separate ET: and Mon-ETS target sharpens the
already marked electrification shown in 002-80 resulting for a
13.4% higher eledrification in 2050,

This requires a 29.9% and 31.3% increase (in NETS-80 and NETS
2/002-80, respectively) in electricity production by 2020 and a
91% in 2050 in the NETS-80 scenario compared with O0O2-20. In
NETS-80 scenario this additional generation is provided in the short
term {2020} by a generation portfolio still dominated by fossil fue
generaton, ie, gas (584% of total eledricity producton, +89.9%
mrelative to 002-80), coal (7 9% of production) and oil (6.2%); while
wind acocounts “only” for 256% of total eledricity prmodudion
(compared with 43.1% in O02-80). In the longer term the genera-
ton portfolio aligns with 002-80 results that are characterized by
high wind share (69.5% of total electricty production), gas (24.6%
with 12.3% equipped with (C5), and biogas (now 2.7%)

Moreowver these separate targets deliver significant TRC reductions.
By 2020 the model indicates fuel consumptons in the residential and
services sectors for NETS-80 and NETS-20/002-80 energy system for
6.5% and B.5% lower than in 002-80, respectively. Beyond 2020 this
difference gradually reduces in the NETS-200C02-80 soenario, deliver-
ing consumptions of only 2.1% and 1.2% lower than CO2-20 by 2050;
while it increases in NETS80, delivering reductions of 89% in
mesidental sector and 3.0% in servioes by 2050. These differences
in fudl consumption are driven by a combination of two contextual
points: fue switching (from oil gas and some blended biogas to
dedricity] and efficiency measures (such the installation of some
efficient appliances, as heat pumps, and conservation measures, as
walls and windows insulation.

33 Economic impacts of mitigation

33.1. Emissons reduction margnel

One of the main insights that can be gained from energy
systemns models such as TIMES quantifying the impact of different
mitigation targets on marginal C0, abatement costs, on the
necessary investment required and on the energy system costs
over the time horizon considered. Each of these metrics sheds
light on the future costs of mitigation but care should be taken
in interpreting these results. Marginal abatement provides an
indication of the costs of abating the last tonne of C0,, energy
systems costs represent the sum of investment, operation and
maintenance and fuel costs, while investments costs mrepresent
the cost element that contributes to GDP grow th.

Table & summarises the marginal C0; abatement costs for the
four mitigation scenario clusters presented in this section. Two
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additional intermediate scenarios with different emissions reduc-
tion target [ —85% and —90%) are also induded as sensitivity.

Under the (002-80 case, the marginal cost rises in the period
2020-2030 from €33/tonne to €136/tonne, then reduces to
€99{tonne by 2040. This reduction is arises due to two reasons:
first the emission pathway is the combination between short
term and long term pathways. This results in a pathway in which
in the period 2020-2030 the energy system is reguired to reduce
emissions by 17.4 Mt, passing from 20.5% reduction relative to
2005 levels by 2020 (still 17.6% higher than 1990 levels) to —40%
(relative to 1990 by 2030; while in the following period, namely
2030-2040, the model is required for a reduction of only of
6 Mt. Second this redudtion reflects a significant development of
efficient and cost-effective technologies which replaces existing
technologies contributing tothe reduction of marginal ahatement
oSt

By 2050 the marginal abatement costs grow to €273/tonne,
testifying how challenging this target is. In the deeper emissions
reduction cases [ 85% and 90% of reduction), the marginal costs are
higher from 2040 due to the more challenging abatement trajec-
tory. The 95% emission redudion case indicates, already from
2020, higher COz abatement price due to additional emissions
reduction to compensate for lesser reductons in agriculure.
The 2050 marginal 00z abatement cost reaches €1308/tonne,
illustrating the limited options available to deliver the final parnt
of this challenging target

Imposing separate ETS and Mon-ETS targets has a dramatic
impact on the short term (2020) cost of emissions reduction that
in NETS-20/C02-80 and NETS-80 mnge between three and four
times higher than in CO2-80. In fact these scenarios reflect the
current short term target more accurately than the CO2-80 and
C02-95 scenarios. This difference reduces in the medium term
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(2030-2040) due to the effect of eardy actions on efficiency in Table 8
Non-ETS sectors. By 2050, the NETS-20/C02-80 marginal abate- (05 shadaw prices.
ment costs returns to levels similar to the (02-80 scenario, while Source: Irish TIMES model
in NETS-80, the marginal abatement cost increases to €554/tonne
almost double that of the C02-80 scenario, confirming that Scenarlo AR0: LA, I0W Fosie
fieliwring high level of emiss_ions reduction in Non‘-l-.TS sectors C02-80 13 136 @ 213 Exmotome 00
is generally more costly than in ETS ones. These findings are also C02.85 ] 121 158 523 &Exugtonne (0,
confirmed by ETS marginal price in NETS-80 that by 2050 o290 13 127 158 &4 Emottome (0,
accounts for €266/tonne, in line with C02-80 carbon marginal. co2ss s 13 1m 108 Exmptome 00,
Equivalent European studies (EC, 2006; SECURE, 2009) indicate oo 20t0280 167 113 116 213 Exggtomne (D,
quivale opean studies {EL, ; IMAC NETS-80 141 a7 87 554 Exggtome 0;

for similar policy assumptions (Johannesburg Agreement scenario
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and Carbon constraint case] OO0y marginal prices for EU27 and
EU27+ (Europe induding Balkans and Turkey) of 312 €500/ tonne
(392 €ppps/tonne) and 159 €0, ftonne (200 €./ tonne ) for the
wyear 2050,

332 Energy system costs and invesoments

TIMES models, as with all partal equilibrium models, are driven
by mamo-economic pammeters that represent how the economy
will evolve over the time horizon. The impacts of the marginal
abatement costs presented in Table 8 on economic growth are not
captured however, because in the Irish TIMES model there is
no feedback between the model and the economy. This secton
discusses how the relationship between the economy and the
energy system evaolves during the ime horzon. To perform this
analysis do we use the TIMES objective function that, as stated in
Section 2.1, represents the total discounted energy system cost.
This energy systemn cost includes the imvestment component, the
operation and maintenance costs, the fuel costs and the residual
value of technologies at the end of the horzon.

Fig. 19 focuses on the total energy system costs and its
investment portion® for the REF, OD2-80, C02-95 and NETS-20
scenanios. The hybrid NETS20002-80 trend is not included in the
graph to avoid duttering the graph. In the REF scenario, we see an
interesting reducton in costs untl 2020, followed by growth
to 2050 by 16% pa. on average (or 0.8% p.a. gmowth relative to
2005). This reduction arises due to cost effective investments over
this period resulting in increased effidency (reduction of fuel
costs). In the O02-80 scenario, energy systems costs grow by 1.1%
p.a. relative to 2005, while for the C02-95 scenario growth is 1.5%
pa. (or 2.5% p.a. from 2020-2050). The difference in cost between
C02-80 and 002-95 provides an indication of the additional costs
borne by the energy system to compensate for agriculture meet-
ing a 50% reducton in emissions. It is worth nothing that the
NETS-20/002-80 and NETS20 cases point to higher system costsin

% Assumed average inflation of 394 based on annua Consumer Price
Index provided by Central Statistios Office Ineland {hitp:] fwwwooso de o shosf
cu'n?'iu:i'nduchhn].

These represent undismunted @sts by period

040 2050

the period 2010-2020, but thereafter almost align (in the NETS
20/002-80 this trend is faster) to 002-80 case by the year 2050.

The results indicate ineasing investments over the tme
harizon for all scenarios, while operation and maintenance costs
and fuel costs (not shown in figure) reduces. In the long term the
contribution of investments costs increases passing from 22% of
total system costs by 2010 to between 53% (REF) and 58% (NETS-80)
by 2050. Imvestments in mitigation scenarios by 2050 are 20%
(002-80) and 29% (O02-95) higher than REF.

Examining energy systems cosis in isolation provides limited
insights and it is useful to compare these amounts with economic
activity levels in the same period. Fig. 20 presents the ratio of
energy systems costs (and of investment costs] and economic
gmwth levels (GDP) in the same period. This provides an indica-
tion of the impact, as a percentage of GDP, of delivering emissions
reduction targets. It is worth nothing that these ratios do not
represent the net cost for the sodety as they are systems costs
rather than end user costs. In the REF scenario the energy system
cost are reduced in the period 2005-2020 passing from 11.2% to
74% of GDP. This reduction continues in the following periods
reaching 7.0% of GDP by 2050. Investments, which accounted for
about 23% of GDP in 2010,'? grow to 39% of GDP in the period
2020-2040 and then slightly reduce to 3.7% by 2050.

In the 002-80 scenario, the energy system costs acoount for
about 7.7% of GDP by 2050, suggesting that (relative to the REF
seenario) the additional cost' ' to achieve the mitigation represent
less than 1% of GDP in 2050. The energy system oosts to deliver 95%
ofemissions reduction account for 8.6% of GDP by 2050, hence the
additional cost to achieve the O02-95 mitigation target (again
relative to the REF soenario) is less than 2% of GDP in 2050. The
NETS80 and NETS-20/002-80 result in higher system costs in the
period 2020-2030. In all mitigation scenarios ineased systems
costs are driven by higher investments. The cost for investments
will range between 4.4% and 50% of GDP in the period 2030-2050.

% i fhe hass year (2005) no investments are allowed.
1t does not oomespand to the full macosomomic mst of mitigation




A. Chiodi &t al { Energy Polige 53 (2012) 169- 189 187

12% =

10%

BH

6% -

System Costs/GDP %

A% =

2%

—— Syslost BEF

== Sys{ost CO2-80

— Cost £02-95

=== Gyulosl NETE-80
Inuestments REF

— Invesimants O02-B0

—— |nveszments CO2-95

=== |nvestmenis NET:=H0

2010 20d0 200

Fig. 20. Comparing system costs with GDF.
Sourre: Irish TIMES mnds].

4. Conclusion

This paper reports results on ambhitous mitigation target in the
period to 2050 for the Irish energy system. The analysis have been
performed using the Irish TIMES model, a technology rich, cost
optimizing, linear programming energy systems model. This work
indicates that challenging emissions reductions such 80% and 95%
relative to 1990 levels can be technically achieved in Ireland and
which energy efficiency and renewable energy technologies will
have a determining role to deliver the target at least cost.

The mesults show that an 80% OO0y emissions reduction target
by 2050 is technically achievable with an additional emissions
reduction of 7.8 Mt relative to least cost reference scenario.
Reductions are important aoss the whaole energy system, but
maostly in transport, a sector which has not seen a significant
policy focus in Ireland. In this scenario, repew able energy grows
from current levels of 5.5% of energy use to reach 71.7% by 2050.
More than two-thirds of this renewable energy is from biomass
used for heat and transport, although wind generated electridty
dominates the current policy debate on renewable energy in
Ireland. This scenario also indudes eledrification of heat and
trans port, resulting in eledricty representng 31% of energy use
compared with 18% today. The marginal O0; abatement costs
reaches nearly €mmo0300/tonne OOy by 2050 and the oost of
achieving this mitigation target mepresents less that 1% of GDP
in 2050. A key recommendation from this paper is that further
analysis be focused on analysing the technical feasibility of an
electricity genemtion sector constituted by nearly 70% intermit-
tent wind generation.

The results also suggest that additional mitigatdon in the
energy system is possible to compensate for the limited options
available in the agriculture sector. According to the EU Low
Carbon Roadmap (COM/ 2011112 ) 50% GHG emissions reductions
in agriculture are achievable by 2050 across the EL. Applying this
reduction in Ireland requires a 95% C0; emissions reduction from
the energy system to achieve an overall 808 GHG emissions
reduction target. The additonal efforts to meet this target are
mainly concentrated in electridty generation and in the residen-
tial and services sector. In this scenaro, mnewable energy
acoounts for 90.1 % of energy use in 2050, with an almaost doubling

2040 050

of electricity generation from renewable compared with the CO2-
80 scenario. This results in the complete decarbonisation of the
electricity generation sector and delivers an interesting result for
the end-use sectors, which show a redudtion in hicenergy con-
sumptions in favour of further dectrification of heat representing
nearly half of total energy use in Ireland by 2050. The additional
oosts involved are significant, with the marginal C0; abatement
wost reaching mome than €350,1300{tonne 00, in 2050 and
the costs of mitigation reaching dose to 2% of GDP by 2050, It
is worth noting that if a 50% GHG emissions reduction is not
achieved in agriculture, this pushes Ireland’s energy system
towards negative emissions, possible only delivered by extensive
use of bioenergy carbon capture and storage (CCS) technologies.
A key recommendation from this paper is that further analy sis be
carried out to compare energy systems and agriculture mitigation
options for Ireland.

This paper also illustrates some initial impacts of short term
targets and policies on the longer term mitigation pathway for
Ireland’s energy system. This is an area that warrants further
investgation. Ireland has an ambitious short term target for
emissions reduction in non-ETS sectors (205 below 2005 levels
as per EUJ Decision 2008 /406 (EC). Extending cument policies beyond
2020 ie, separate 808 00z emissions redudtion targets for ETS and
non-ETS sectors, mesults in greater eledrification and efficiency
measures (aleady important in the previous cases) to reduce
emission in end use secors (mainly residental sector], but also
results in the short term with higher emissions from the eledridty
penermtbon sector. The marginal abatement cost in 2050 in this
scenario reaches levels similar to an 85% OOy emissions reduction
scenario with no ETSnon-ETS distinction

It is important to note that the results presented here are
hazed on a single set of macro-economic projections generated in
2010 and that there have been significant changes in economic
projecions since 2008 as the extent of the economic recession
has been realised. Further analysis is required in this area and on
the feedback between the energy system and the economy, to
better assess the economic impacts of deep mitigaton We also
recommended that the infrastructure costs required to enable the
energy technology changes envisaged in some of these scenarios
be investigated further and better captured within the model.




188 A ihiodi et al | Energy Policy 53 (2013) 169- 189

Adknowledgements

The authors acknowledge funding provided by the Environ-
mental Protection Agency and Sustainable Energy Authority of
Ireland under Ireland’s dQimate Change Research Programme 2007-
2013 for the development of the Irish TIMES model We are also
grateful to the Economic and Sodal Research Insttute, in parti-
cular Pmof. Richard Tol for providing the mamo-economic projec-
tions of Ireland’s economy to 2050 and to KanDRS, in particular
Dr. Amit Kanudia, who helped extract the Irish TIMES model from
the Pan European TIMES { PET ) model. Anally we acknowledge the
useful feedback and suggestions regarding the appropriate selec-
tion of scenarios provided by the Irish TIMES Steering Group and
the Technical Analysis Steering Group on Climate Change and
Energy Security.

References

Anandarajah, G, Strachan, M. 2010. nteractions and implictions of renewable
and climate change policy on UK energy scenarios. Energy Poliy 38,
67246735

Ang, BW, L, FL, X{1. A new energy demmposibon method: perfed in
decompastion and consistent in aggregation. Energy 26 537-548

Assoumsou, B, Matri, N 2011. Carbon value dynamics for Pranes: a key driver to
suppart mitigation pledges at country sale. Energy Policy 39, 43254336

Bergin, A, Conefrey, T, Fitz-Gerald, |0, Keamey, L 2010 Recovery Scenarias for
Inzland An Update Quarterly Boonomic Go . Summer 2010, Spedal
Article. Emmnomic and Sodal Research Institute, Dublin, Ineland.

Ble=<l, M D=, A, Fahl U Rermme, U, 2007 Role of enengy effidency standands in
reducing (0, emissions inGermamy: an asessment with TIMES. Energy Palicy
35, TI2-TAS

Blesl, ML, Kober, T, Bruchaf, D, Kuder, B 2010, Effeds of climate and energy policy
related measures and targets on the future strucune of the European energy
system in 2120 and beyond. Energy Policy 38, 62786292

B5G, 2004 Bioenergy in Ieland A Strategic Report of the Biosnergy Strategy
Group for the Department of Commaumnications, Marine and Natural Resources.
Repaort Published by Sustainable Energy Ireland, Dublin, Ireland.

Cahill, ). & Gallachdir, BP. 2012 Combining physical and emnomic output data
to analyse energy and OO, emisions trends in industry. Energy Paolicy 49,
A22-44

Caprox, P, Tasios, N, De Vita, A Mantzos, L. Parouses, L, 2012 Technical Repart
Aarompamying the Analysis of Options to Move Beyond 20 CHG Emission
Redudtion in the BU by X2 Member Sate RBesults. DG Oimate Action.

OOC, 2008 Building a Low-Carbon Economy—the UK's Contribution to Tadkling
imate Change. Published by The Sationery Office, London, United Kingdome

Chiodi, A, 2010 Charackerization of Wind Energy within the Irish TIMES Energy
Systems Mode] Polibsmico di Torino, po 1672

Clarke, |, Edmonds, |, Krey, V. Richels, B, Rose, £, Tavoni, M, 20049 International
o imate palicy anchitesures: overview of the EMF 22 niemational Soenamios
Energy Bronomics 31 (2], S64-581_

Dax A, Rosett di Valdalbero, DL Vindis, MUE. 2007 ACROPOLE: an example of
intermational callsharation in the fisld of energy modelling o support green-
house gases mitigation policies. Energy Paolicy 35, 763-771.

DEN & DCEMR, 2008 All island grid study—Renewable Energy Resoune Asses-
ment, Workstream 1. Deoemiber 2008, In: Department of Enterprise Trade and
Investment, Department of Communictions Energy and Matural Resounoss
(Eds.) Dublin, In=land

Dineen, D, O Gadlachdir, BP, 2011 Modelling the impacts of building regulatians
and a property bubble on residential space and water heating. Energy amd
Buildings 43, 166-174

EC, 2006. Warkl Energy Technology Oufook—2050. WETO-HZ Buropean {om-
mission. (fficc for Official Publications of the European Commumnites,
Lieembiourg,

EC. 2009 Presidency Condusions. Brussels 29730 October 2008, In: Goundl of the
European Lindon (Bd_), Brusssls, Belgium,

EC. 2011, dOM201 17112 A Roadmap for Moving to a Competitive Low Carbon
Economy in X150, Communication from the Gommision to the Puropean
Partiarment, the Council, the Eunopean Emmnomic and Sodal Gommattes and the
Committes of the Regions, n: Buropean Commussion (Bd ) Brussels, Belgium,
R 16

EEA, 2010. Anmual Furopean Union Gresnhouse Gas Inveniory 1990- 2008 and
Inventory Repont 2010 Submission to the UNPOIC Seoetariat. Database
available in: o hitp: fwwweea europa oo jd ata-and <maps idatajd ata-viewers]
green house-g xes-viewer . EEA Technical Report. European Comm sdan, DG
imate Action, European Environment Agencoy.

EirGrid, SOM], 2010 All klnd TS0 Racilitation of Renswahbles Studies. Final Repaort.
Omline ai: ity [Pwsrwesingrid oom frenswah besfd] ftionofrenewahbl e
Ekhabm, T, Soimakallio, £, Syri % Hohne, M Maoltmann, 5 2008 Assessing the =ffort
sharing for greenhouse gas emission redudtions in ambitious ghoba dimate

scenamios. WTT Tiedotteita—Reseanch Notes 2453, 75 p_+ app 3 p. Espoo.

Emvinonment Round Tahle, 2009 French d imate plan. Le G renell= Environment 24

EPA, 20112 Irelind’s Cresphouse Cax Emissions in 2010 Dathase available in:
4 it fwnwrweepa e farhatwnsdn) i lirnastes e don s msen fories 2md pro jsct on s
naiti onalemiss jons mventories | . Environment Prodschion Agency.

EPA. 2011h. Ineland’s Greenhouse G as Emissions Projections 20002020 Availshle
from: ¢ hitp: [Fewwoepa ejdownlo ads fpubes) adn] ainemm ssion s/ name. 3081 (Len.
hamly.

EFA, 2011c. Ireland’s greenhouse gas emissions projections. Emdronmental Pro-
tection Agenoy.

E5H and ET=U, 19497 Totl Kenewahle Energy Resounes in Ir=bmd. Final Report

ELL 200% DEQSION Mo J06/2009EC of the Furopean Parlizment and of the
Cmmcil of 23 April {8 on the Effort of Member States to Reduoe their
Greenhouse Gas Emissions o Mest the Commamity's Greenhouse Gas Emis-
sion Reduction Commitments up to 20X In: Bwopean Parliament and
Conmil (B} Official journal of the European Undon, p. 13

ELL 20i8bh DIRECTIVE 2009729 BC the European Parliament and of the Coundl of
3 April 2008 Amending Directive 2003 /87/BC 50 2% to Improve and Extend
the Gresnhouss Gas Emission Allowance Trading Scheme of the Gommunity
In: Buropean Parkiament and Cowuncl {Ed) Offidal Journal of the Bunopean
Union, p 25

Fishbone, LG, Abilock, H, 1981, Markal, a linear-programming maodel for energy
systems amalysis: technical description of the bnl version Intemational
Joumal of Energy Research 5 353-375

Gargiula, M., Kanudia, A, Loulou, R, Giannakis, G, Tosata, G, 2010 Application of
the Pan-Buropean TIMES model. Proosedings of the 11th IAEE BEuropean
Conferenos, August 25- 28, Vilnius, Lithuania

Gargiula, M., Kanudia, A Van Regemorter, D_ 28_Imight in Energy Technologies
Prospeds given the ELU Oimate and Energy Policy, an Analysis with the PET,
the Pan Buropean TIMES Model Inte=mational Energy Workshop 2008, Inter-
naitianal Energy Agency.

GEM-EZ, website: ¢ hibtp:ffwwwgem-einet;.

Giannakis, G, 2007 Monitoring and Evaluation of the RES Direct ves Dmpl ementa-
tion in BT and Policy Recommend ations for 2020 RES2 020 ‘War lkshop
Gormiey, | 200, Climate Change Response Bill 20010 23 Decermber 20101 Available
in: o bt Ferene s m muie fen B nonrmesnt (Ao here i limabeChamge [ Cima
teChangefespon =i 01 OCon=ul ation 3. in: Heritage and Loml Governmeent

(B} Dublin

Heaps, O, Ericlkson, P, Kartha, 5, Kemp-Benedict, E, 2008 Furope’s Share of the
Climate Challenge. Domestic Actions and Intermational Obligations to Proted
the Planet. Stockhaolm Environment Institute, Stockhalm, Seweden.

Howley, ML, Dennehy, B, O Gallachdir, B, 2010 Energy in Ireland 199020082010
Repm't Report published by Sustxinable Energy Authority of Irelind, Dubling

Hn:w«r'l-t:!,I M Oleary, F. O Galachéir, BP. 2006 Energy in Ireland 1990-2005
Trends, Isues, Foreasts and Indicators. Report Published by Sustainable
Energy hreland, Dublin, Ireland.

1EA, 2008 Warld Energy Outiook 2008, IEA Pubblications, Paris, Frane

1EA, 201 @ Energy Technology Pers pectives. Somarios and Strateg ies to 2050 0ECD
Energy.

IPCC 20072 (imate Chamge 200 7—The Physical Science Basis: Warking Group |
Contribution to the Fourth Assessment Report of the [WC Cambridge
Uniwersity Press, Cambridge, United Kingdom and New Yark, NY, USA

IPCC, 2007 b (imate Change 2007 : Mitigation of Qimate Change. Cantribution of
‘Warking Group 11l to the Fourth Assessment Repaort of the Intergovernmental
Famezl on Climae Change (ambridge University Pres, Cambridge, United
Kingdom and New York NY, LEA

Kanudia, A Labriet, M., Loulou, R, Vailamcourt, K, Waauh, | P, 2005 The Warld -
MARKAL miodel and its appliation to cost-=fisctivenss, permit sharing, and
cost-henefit analyses. Energy and Environment. Springer. Mew York {United
States), pa11-148

Kanudia, A, loulow B, 158949 Advanced bottom-up modelling for national and
regional energy planning in respanse o climate change. Intermational journal
af Emdronment and Paollution 1999 12 (2/3) 191=216.

Kesichkd, F. Amandarajah, G, 201 1. The role of snengy-senvice demamd reduction in
ghohal dimate change mitigation: mmbining energy modelling and descom-
pasition anahysiz. Energy Paolicy 39, 72247293,

Kaoljonen, T, Flyktman, M., Lehtila, A Pahlala, K, Peliol, B, Savolainen, L, 2009
The role of (C% and renewahles in tackling climate change. Energy Procedia 1,
43234330

Labriet, M, Loulou, R, Kanudia, A, 2005 Clohal energy and O0; emdssion
scenarios: analysis with a 15-region world MARKAL model, in the mupling
of climate and sconomic dynamics, sswys in negrated assement
in: Hanrie, A, Viguier, L (Eds ), Advanoss to Glohal Change Research, wol 22
Kluwer Academic Publishers, Dordracht (Netherlands ) pp. 208-235

Labriet, ML, Loulou, R, Kanudia, A, 2008 k a 2 “C warming achisvable under high
uncertainty? Amnalysis with the TIMES integrated assesment model Les
Cahiers du GERAD.

Loulow, R, Labriet, M, Kanudia, A, 2008 Deterministic and stochastic analysis of
alternative climate targets under differentiated cooperation regimes. Energy
Bconamics 31, £131=-51431

Loulow B Remmee, U Kamudia, A, L=hiila, A Caoldsten, O 2005 Dooumentation
for the TIMES Model Energy Technology Systems Analysis Programme
{ETSAPF) Available from: ¢ hitp: jwwwestsapongidooumentation_asp .

0 Gallachir, AP, Lavigns [ Rout, LK, Chindi, A Gargiula, M., 20102 How da
we mest ambitows renewable energy targets in an optimal manner?,




A Chiodi = al { Energy Policy 53 (2013) 169- 189 129

Proosedings of Inbermational Energy Agency ETSAF Mesting [une 24, 2010
Stockhaolm

0 Callachéir, BP, Lavigns, D_Rout. LK, Chisdi A, Gargiula, M., 2010h. Maddling
Ambitious {0 Reduction Targets for Mon-ETS Ssdors, International Energy
Warkshop, june 21<23, 2010, Stockholm, Sweden.

0 Gallachéir, BF, Lavigne, [ Rout, LK, Gargiulo, M. Kanudia, A 201 Gc_ Building
Irish TIMES from PET Ireland., |oint TER] ETSAF Workshop on Energy Mode]
ling Took & Tecniques to Address Sustainable Development & Climate
Change, New Delhi, India, Jan. 20-22 2010

0 Gallachéir, BF. Rout, LK. Chiodi A 2010d Ocean energy in Irish TIMES.
Proosedings of Workshop on Boonomics of Ocean and Marine Renewahls
Energy. April 21st 2010, Cark, Ir=lmd.

Ramirez, A Hosfnagels, R, van den Brosk, M., Strachan, N, Fidje, A, Espegren, K.
Leljom, P, Bles], M, Kober, T, Grohnheit, PE, Lithys, M. 2011, A Comparison
af mational CS strategies for Northwest Eunope, with a foaus on the potential
of comman C0p storage at the Utsim formation. Energy Procedia 4
2400 240,

REACCESS Website:  hitp [freacessepuntuagr| . Projedt @mied out under the
Tth Framewark Programme (FF7 ) of the Eunopean Commis sion.

RES20, ‘Website: ¢ hittp: fwwwores A0 (e 3. Project Carrisd Out Under the
Intelligent Ensrgy Europe Prog ramme.

Rogan, F. Cahill C]. Gallachéir, BP. (. 2012 Decomposition amalysis of gas
consumphion in the resdential sschor in reland. Enengy Policy 42, 19-36.
SEAL 2010. Ocean Energy Roadmap Sustainable Energy Authority of Ineland

Dublin, Ineland.

SEQURE, ‘Website:  { hitpsj/wwwossoureeceu[). Pojeat Cofunded by the

European (ommission within the 7t Framework Programme

SBOURE, 2008. Long Term Storylines for Energy Scenarmios in Euwrope & Four
(uantitative Soenarios up to 2030 and 2050 Projsct No 213744, JOINT
DELIVERABLES No 312 and 41 Im: CEPS, CMRS (Bdx) Projsct Co-funded by
the European Commission within the 7ith Framewor k Programmse.

LF, 2004, Updating the Renewahle Energy Resource In reland. Bnal Repart, In:
EZH International, Puture Energy Solutions, Dublinl, ERGU.C (Bds) Sustain
able Energy Ineland, Dublin hitp: [ fwwe selieuploadedfiles [funded Pro
&7 meesf RE Ress ouroes2 071 (2020 Main Repart.pd ..

Smyth, BM. O Gallachéir, B.F. Korres, NE, Murphy, | D_ 2010, Can we mest
targets for biofuels and renewable energy in transport given the constraints
impesed by policy in ag ricultune and energy ¥ |ournal o f Cleaner Production 18,
1671-1685

Sy, &, Lehtila, A, Ekholm, T, Sawvolainen, L, Hal#tinen, H, Peliok, B, 2008 Clokbal
energy and emissions scenarios for effective dimate change mitigation—
deterministic and stochastic scenarios with the TIAM model nemational
Journal of Greenhouse Gas Control 2 274-285

UNEF, November 2010. The Emissions Gap Report. Are the Copenhagen Acmnd
Pledges Suffident to Limit Global Warming to 2°C or 1.5-C A prediminary
assemment, in: Den Elzen, M, Hare, W, Hohne, N, Lewin, K lowe, | Riahi K.
Rogelj | Sawin, E. Taylor, C, Vam Vuuren, D Ward, M. (Bds_ ) United Nations
Emvironment Programmes, p 55

Valllancourt, K, Labrist, M. Loulou, . Waub, |P. X8 The role of nuckear
energy in long-term climate scenarios: an amalysis wath the Warld-TIMES
madel Energy Policy 36, 22962307

Wiaker, N_, Schesr, |, Qancy, M, 0 Gallachdir, B.P, 2008 Energy Forecsts for
Ireland to 302 (- 2009 Report. Report published by Sustainable Energy Ineland,
Dubkin, Ireland.




EPA Climate Change Research Programme 2007-2013

Irish TIMES Energy Systems Model

(CCRP 2008 3.1)

CCRP Report

End of Project Report available for download on hitp:/erc.epa.ie/safer/reports

Prepared for the Environmental Protection Agency
b}r

Environment Besearch Institute, University College Cork

Authors:

Brian P. O Gallachoir, Alessandro Chiodi, Maurizio Gargiulo, Paul Deane,

Denis Lavigne and Ullash Kumar Rout

ENVIRONMENTAL PROTECTION AGENCY
An Ghniomhaireacht um Chaomhmi Comhshaoil
PO Box 3000, Johnstown Castle, Co Wexford, ITreland

Telephone: +353 53 916 0600 Fax:+353 53 016 0599
Email: infoiflepa.ie Website: www.epa.ie




© Environmental Protection Agency 2012

ACKNOWLEDGEMENTS
This report is published as part of the Climate Change Research Programme 2007-2013. The programme
15 financed by the Interdepartmental Committee for Strategy for Science, Technology and Innovation
and the Department of Environment. Heritage and Local Government. It is administered on behalf of
the Department of the Environment, Heritage and Local Government by the Environmental Protection
Agency which has the statutory function of co-ordinating and promoting environmental research.

DISCLAIMER
Although every effort has been made to ensure the accuracy of the material contained in this
publication, complete accuracy cannot be guaranteed. Neither the Environmental Protection Agency
nor the avthors accept any responsibility whatsoever for loss or damage occasioned or claimed to have
been occasioned. in part or in full, as a consequence of any person acting, or refraining from acting,
as a result of a matter contained in this publication. All or part of this publication may be reproduced
without further permission, provided the source is acknowledged.

The EPA CCRP Programme addresses the need for research in Ireland to inform policymakers and
other stakeholders on a range of questions in relation to envirommental protection. These reports are
intended as contributions to the necessary debate on the protection of the environment.

EPA CCRP PROGRAMME 2007-2013
Published by the Environmental Protection Agency, Ireland

PRINTED ON RECYCLED PAPER

&

ISBN: 078-1-84005-470-8

Price: Free 11/2012/40




Details of Project Partners

University College Cork
Environmental Research Institute
Lee Foad

Cork

Treland

Tel.: =353 21 490 3037

E-mail: b.ogallachoir@uce. ie

Economic and Social Research Institute
Whitaker Square

Sir John Fogerson’s Quay

Dublin 2

Treland

Tel.: +353 1 863 2000

E-mail: rtol{@esri.ie

E45MA

Via Livorno. 60

Environment Park

I-10144 Tunn

Ttaly

Tel.: +39 011 225 7351

Email: maunizio. garginlo@edsma com

EKanORS

Office 4

First Floor

DDA Market

Vasundhara Enclave
Delhi 10006

India

Tel.- +01 11 2261 6656
Email: amit@kanors.com







Tahle of Contents

Acknowledgements

Disclaimer

Details of Project Partners

Executive Summary

1

th

Introduction

Methodology
2.1 Policy Scenario Definitions

Renewable Energy Targets for 2020
3.1 How can Ireland meet its Renewable Energy Targets for the Year 2020
at Least Cost?

3.2 [Is Current Renewable Energy Policy Aligned with a Least-cost Pathway?

Greenhouse Gas Emissions Reduction Targets for 2020

4.1 Implications of Ireland’s 2020 Target for Greenhouse Gas Emdssions
Reductions for Ireland’s Energy System

42 Impacts of Agnculture-related Greenhouse Gas Emissions to 2020 cn
Ireland’s Energy System

Greenhouse Gas Emissions Reduction Targets for 2050
5.1 Can Ireland’s Energy System meet Energy needs in 2050 and Achieve an
20% Feduction in Energy-related Greenhouse Gas Emussions?

=
bt

What are the Implications for the Energy System if Agriculture does not
achieve 80% Greenhouse Gas Enuissions reduction by 20507

:-..-'I
a3

What are the Cost Implications of Deep Decarbonisation and of the Energy

System Compensating for Agriculiure achieving Lower Enissions Reductions?

i

vii

10

10

11

16




6 Conclusions
References

Acronyms

Wl




Executive Summary

Ireland faces very challenging shori-term fargets in
the pericd to 2020 ariging from EU obligaticns that are
specified in EU Directives and Decisions. In addition to
these shor-term fargets, the EU has commitied to a
long-term greenhouse gas (GHG) emissions reduction
of B0-95% below 1990 levels by 2050, and will
reguire Member States to participate in effort-sharing
to deliver deep emissions cuts. Policy-makers reguire
comprehensive, robust, knowledge-based information
to inform their decisions on how to meet these targets
in a manner that will most benefit the Irizh economy.

This project draws on and contributes to the wealth
of intemational energy-systems modelling ressarch
activity. It involved building, developing, calibrating,
testing and running a (partial equilibium) energy-
systems optimisation model for Ireland — the Irigh
TIMES model. The model was developed by University
College Cork in collaboration with the Economic and
Social Research Institute, E45MA and KanORS over
the pericd March 2009-Movember 2011.

The real value of the Irizh TIMES model is in the new
ingights it gives into some of the key challenges and
decisions facing Ireland in energy and climate policy.
The Irish TIMES model provides a means of assessing
the implications of altemative future energy system
pathways for: (i) the Irizh economiy (technology choices,
prices, output, etc.), (i) Ireland’s energy mix and energy
dependence, and (i) the environment. it is used in
thiz project to assess the implications of emerging
technologies and of mobilizing altemative policy choices,
such as meeting renewable energy targets and carbon-
mitigation sirategies. The two key new perspectives
thiz rezearch project gives are: (i) a full energy-systems

vii

maodelling approach and (i) a focus on the medium term
(to 2050) as well as the short tem (to 2020).

The scenario results respond directly to a number of
key policy questions that could not be readily addressed
before this model was developed. These relate to
Ireland’s targets for: (i) renewable energy to 2020,
(it} GHG reduction to 2020 and (ji) long-term GHG
emisgions reduction to 2050. The results point to:

1 Altemative pathways for renewable enengy to that
cumently being followed under Ireland's Mational
Renewable Energy Acticn Plan (NREAF);

2 The need to urgently reassess Ireland’s renewable
energy policies in light of the non-ETS emissions
reduction target;

3 A particular focus on renewable heat, renewable
transport and elecirificatiom of heat, in contrast
to the current dominant focus on wind-generated
electricity;

4 The impacts of imposing a higher emissions
reduction target on Ireland’s energy system to
compensate for limited mitigation options in

agriculiure;

5 The significant challenges in moving to a low-
2050 with renewable
energy accounting for 65-85% of energy supply
{compared with 6.5% in 2011);

carbon  economy  in

6 Electrification of heat in pariicular but also of
transport, resulting in the share of energy use
delivered by electricity increasing from 158%
cumently to 31—-47% of energy use in 2050.
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1 Introduction

Ireland faces wvery challenging short-term targets in
the period to 2020 arizing from ELU obligations that are
specified in EU Directives and EU Decisions. These
include improving Ireland's energy efficiency by 9%
by 2016 and by 20% by 2020, increasing renewable
ensrgy deployment (from 6.5% in 2011) to 16% of
gross final energy consumption (GFC) by 2020 and
achieving at least a 10% renewable share of road and
rail transport energy and (most challengingly) reducing
GHG emissions in non-emissicns trading sectors (non-
ETS) by 20% relative to 2005 levels. It is important to
note that energy-related GHG emissions account for
more than half of non-ETS GHG emissions.

In additon to these short-term targets, the EU has
committed to a long-termn GHG emissions reduction
of 80-95% below 1930 levels by 2050 and will reguire
Member States to pariicipate in effort-sharing to deliver
desp emissions cuts.

Mitigation strategies for deep cutz in emissions
require significant financial investment: thersfore, the
development of sirategies based on poor information
and analysis will be expensive and wasteful. Policy-
makers need comprehensive, robust, knowledge-based
information fo inform their decisions on how to meet
these targets in a manner that will most benefit the Irish
economy. In particular, given Ireland’s current economic
difficulties, it is vital that modelling capacity is improved
as a matter of urgency and that the information base
that feeds into policy decisions is improved greatly.
This research project — the development of the Irish
TIMES Energy Systems Model — makes a considerable
contribution to Ireland’s need to expand itz capability in
energy modelling significantly.

The project involved building, developing, calibrating,
testing and running a (parial equilibrium) energy-
systems oplimisation model for Ireland, called Irish
TIMES. The Irish TIMES model forms part of the
MARKALTIMES family of modelling tools cumently
being used in over 200 institutions in 69 couniries.
This project draws on and confributes to the wealth
of intemnational ensrgy-systems modelling research
activity through the Intermnational Energy Agency

Energy Technology Systems Programme (IEA-ETSAP)
Implementing Agreement. The model was developed
by University College Cork {UCC), in collaboration with
the Economic and Social Research Institute (ESRI),
E45MA and KanORS over the perod March 2005-
Movember 2011,

The Irich TIMES model provides a range of future
ensrgy system configurations for Ireland that vary
according to a range of policy conatraints for the period
out to 2050, but in each case delivering projected
ensrgy service demand reguirements optimised to
least cost_ It provides a means of testing energy policy
choices and scenarios, and assessing the implications
for: (i) the Insh economy (technology choices, prices,
output, etc), (i} Ireland's energy mix and ensrgy
dependence, and (i) the environment, focusing mainly
on GHG emissions. It is used to both examine baseline
projections, and to assess the implications of emerging
technologies and of mobilising altemative  policy
choices, such as meeting renewable energy targets and
carbon-mitigation sirategies.

The scenanocs developed respond directly to a number
of key policy guestions (that could not be readily
addressed before this model was developed) relating
to Ireland’s targets for: (i) renewable energy to 2020,
{ii) GHG reduction to 2020 and (i) long-term GHG
emissions reduction to 2050. It is important to note
that TIMES focuses on the contribution that technology
choices may make in future scenarios.

There are clear limitations that need to be bome in mind
when interpreting the results — mest notably, these
results are not attempts o forecast the future. The
scenarios are based on different policy assumptions,
and the results from one scenario are best interpreted
by comparing them with the results from other scenarios,
rather than as absolute results. Regarding the absolute
results, they clearly depend on the robusiness of
future projections of economic growth and fuel prices
that drive the model. In addition, as the focus of this
model is on technology choice, the representation of
behavioural effects iz currently represented in only a
limited manner.




Irizh TIMES Energy Sysiems Model

De=zpite the limitations, the real value of the Irizh
TIMES model is in the new insights it gives into some
of the key challenges and decisions facing Ireland in
termz of energy and climate policy. The two key new

=]

perspectives thiz research project provides are a full
ensrgy-aystems modelling approach and a focus that
can examine the medium term (to 2050) as well as the
short term (to 2020).
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2 Methodology

Irish TIMES is a partial equilibrium model of Ireland’s
ensrgy aystem, built with TIMES, the techno-economic
modelling tool developed by IEAETSAR' TIMES
(The Integrated MARKAL-EFOM System) is a linear
programming model generator, which provides a
technology-rich basis for estimating energy dynamics
over a long-term, muliple-period time horzon. |t is
usually applied to the analysis of the entire energy
sector of a country or a region, but may also be applied
to study single sectors (e.g. the electricity sector) in
detail. It maximises the total surplus, egquivalent fo
minimising the total discounted energy system cost, over
the entire time horizon while respecting environmental
and many technical constraints. There is a considerable
body of ongoing international research invelving TIMES
(and its predecessor MARKAL) models. The recent
IEA-ETSAP report (IEA-ETSAF, 2011) covering the
pencd 2008-2010 summarises over 350 publications
(including 86 peer-reviewed papers).

Cost and emissions balance -

F

-

|1II w‘l:._f’_ﬁ_.-"
-~

Figure 2.1 shows in schematic form how a TIMES
model operates. The core model contains a large
database of energy supply-side and demand-side
technologies (over 1350 in the case of Irish TIMES).
The database contains technical data (e.g. thermal
capacity), data (eqg.
emission coefficients) and economic data (e_g. capital
costs) that vary over the entire time horizon. The

efficiency, environmental

exogencus moedel inputs are shownin Fig. 2.1 entering
from the lefi-hand side (energy supply) and right-
hand side (energy service demands) of the model.
Cn the supply side, these include indigenous energy
resource availability, primary energy (mostly fuel)
prices and available energy imports. On the demand
side, separate energy service demand projections are
inputted, derived from macro-economic projections of
the econony to 2050.

P - 7
P e / -

/ . /

IR -:!E'f-'fﬂ‘;:._, - S L
,E:f_“_’_,- - B

Power plarts

:' omrereial and
tertiary gactar

and
Trans poristicn

CHF plants

and district
Feal networks

Spuewag

Energy prices, Res?ume availability

Primary energy r". o

T
. -

Figure 2.1. TIMES Model Schematic (Remme &t al., 2601].

1 International Energy Agency Energy Technology Systemns
Analysis Programme (s etsap orgh.

¥

Final enargy '-P"_*-!.s
o, 2] R
TS

i

e S N
=, Damand services

T 3 .\ -

L




Irish TIMES Energy Systems Modesl

The model iz designed to determine the optimal energy
syatem that meets the energy service demands over
the entire time horzon at least cost, indicating the
optimal mix of technologies and fusls at each penod,
the associated emissions, mining and import activities
and the equilibrium level of the demand. The model
outputs are shown on the top and bottom of Fig. 2.1,
namely energy commodity prices (price of diesel
versus biodiesel), energy flows (e.g. petajoules [FJ] of
biomass by type), quantities of GHG and transboundary
emissions {the cument focus in Irish TIMES is on GHG
emissions), capacities of technologies (e.q. installed
megawatts [MW] of wind power) and energy costs
(comprising capital costs, operation and maintenance
[O&M] costs, fuel costs, efc.). Running the model in
the absence of a policy constraint generates a set of
results associated with a ‘reference scenaric’. This
will not nomally be completely aligned with national
energy forecasts that are generated by simulating the
anticipated future energy use, mainkly because TIMES
optimises the energy systems providing a least-cost
solution. When a (single of many) policy consiraint is
then imposed on the model {(e.g. minimum share of
renewable emergy, maximum amount of GHG emissions
of minimum level of energy security), the model
generates a different least-cost energy systems. When

‘-

the results are compared with those from the reference
scenario, the different technology choices that deliver
the policy constraint at least cost can be identified.

The widest current applications of TIMES are related to
the analysiz of policies designed to reduce GHGs from
energy and materials consumiption. Since the framework
depicts individual technologies, itis particulary useful for
evaluating policies that promote the use of technologies
of greater efiiciency in energy or materials, or the
development and use of new technologies. It provides a
means of quantifying the economic cost azsociated with
a range of climate mitigation strategies and the impacts
of climate change policies on economic growth.

Originally extracted from the PET* modesl ([Pan
European TIMES], which includes EUZ7, lceland,
MNorway, Switzerand and Balkan countries) and
then updated with local and more detailed data and
assumptions, the Irish TIMES model represents the
energy system of Ireland and ite possible long-tem
evolution. The actual systemn encompasses all the
steps from primary resources in place to the supply of
the energy senvices demanded by energy consumers,
through the chain of processes which transform,
fransport, distribute and convert energy into services,
as shown in Fig. 2.2,
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Figure 2.2. Irish TIMES Reference Energy System (Gargiulo et al., 2010).
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The Irish energy system is characterized and modelled
in termg of its supply sector (fuel mining, primary and
secondary production, exogenous import and export),
itz power-generation sector (including also combined
heat and power [CHP]), and its demand sectors
{residential,
industrial).

commercial, agrcultural, transport,

As noted above, the key inputs to Irsh TIMES are
the demand component (energy service demands),
the supply component {resource potential and costs),
the policy component (scenarios) and the techno-
economic component (technologies and associated
costs to choose from). The model is driven by
exogenous demand specified by the list of each energy
service demands (B0 in the case of Irish TIMES),
actual values in the baze year (calibration) and values
for all milestone years fill 2050 (projection), along with
environmental or other constraints (e.g9. national and
EU targets for Ireland). More details can be found in
the full Irish TIMES report (available for download
at: hitp-fiferc epa.isfzaferireports) and in Chiodi et al.
(2012a).

21  Policy Scenario Definitions

Many types of policy scenarios can be explored using
Irish TIMES, and generally developed by imposing
constraints on the energy system — for instance, a
minimum share of renewable energy or @ maximum
amount of CO. emissions. In addition to undertaking
scenario analysis, Irish TIMES may also be used to
assess and quantify the impacts of policy measures
on future energy use, for example a carbon tax or a
renewable energy fieed in tariff. This section introduces
the main scenarios uged in thiz report, which are
linked to Ireland’s short-term and long-term targets
relating to renewable energy and climate mitigation.

111 Reference Energy System Scenainto

The Reference Energy System (REF) scenarnio provides
a useful starting point for conducting different scenario
analyses using the model. It represents the pathway for
meeting Ireland’s future energy service demands at least
cost. The REF scenario is comparable with a baseline
or reference energy forecast, although significantly here
it represents a least-cost energy system and in that way
differs from a simulated energy forecast.

LA

21} REN-16 scenario

In the REM-16 scenario, the energy system is subject to
2020 renewable target specified by Directive 200928/
EC (EU, 2009a), including also a minimum 10%
renewable energy share of road and rail fransport. The
pathway comprizes 6.6% minimum share of renewable
ensrgy by 2010 and 11.7% by 2015 in accordance
with Ireland’s Mational Renewable Energy Action Plan
(MREAP) (Department of Communications, Energy
and MNatural Resources [DCENR], 2010). In contrast
to the NREAP, however, this scenario does not impose
additional constraints for end-use sectors, i.e. no further
targets for RES-E, RES-T and RES-H.

213 NETS-CO?scenano

In the NETS-CO2 scenario the energy system is subject
to the 2020 emissions reduction targets specified by
Directive 2009/29/EC (EU 2009b) and Effort Sharing
Decizion 2009/406/EC (EU, 2009¢). Mon-ETS energy-
related emissions are hence subject to a 19.5 Mt CO,
target {-20% relative to 2005), while ETS are subject to
a 16.0 Mt CO. , target {-21% relative to 2005 levels).
By 2015 an interim target of 10% emissions reduction
(relative to 2005) is also imposed in both sectors. This
scenano makes no reference to targets for non-enengy
related GHG emissions, thereby implicitly assuming
that they also reduce by 20% relative to 2005 levels.

214 NETS-GHG scenario

This scenario (gimilar to NETS5-C02) also assumes
the national targets for ETS emissions under Directive
200WZWEC and non-ETS emissions under Decision
200%4DE/EC are met, but explores the effect on
the energy system of additional GHG emissions
reduction measures to compensate lower reduction
levels in agriculiural non-energy emissions, based on
exogenous projections. Agriculiure GHG projections
are based on EPA projections (EPA, 2011), which
assume that total emissions arising from non-energy
agriculture will decrease by 4.4% over the penod 2005
2020 to 17.8 Mt of CQy,,. In order to meet Decision
200W4D6/EC non-ETS energy-related emissions are
hence subject to a 31.5% emissions reduction target
(16.7 Mt COy ) relative to 2005 levels by 2020, while
ETS zectors are subject to a 21% emissions reduction
target relative to 2005 (resuliing in an overall energy-
related COy reduction -26.7%). By 2015 an interim of
10% emissions reduction is also imposad.
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215 CO2-20 scenano

This scenario imposes an overall reduction target
of 20.5% on energy-related CO, emissions by 2020
relative to 2005 levels rather than a separate 21% ETS
target and 20% non-ETS target. It is worth nothing that
the COZ2-20 =scenario is not aligned with national or
European legislation, but has been presented here fo
quantify the impact of not having separate ETS or non-
ETS targets.

216 CO2-80 scenano

The energy syatem is required to achieve at least an
B0% CO, emissions reduction below 1990 levels by
2050 (-86.5% relative to 2005) in the CO2-B0 scenario.
The pathway includes specific inteim targets in line
with the EU Low Carbon Roadmap (EC, 2011), ie.
20% CO, emissions reduction by 2020 relative to 2005
levels, 40% and B0% below 1930 levels by 2030 and
2040, K s implicitly assumed here that non-energy
GHG emissions (notably agnculture) are reducing on a
similar pathway to energy-related emissions.

217 C02-95 scenano

In the C0O2-85 scenario, an 80% GHG emissions
reduction target would apply to the whole economy.
This scenario assumes that the energy system will

nesd to achieve desper emiasions cuts to compensate
for agriculfure not achieving an 80% reduction.
According to the EU Low Carbon Roadmap (EC, 2011),
GHG emisgions in agricutture are capable of reducing
by up to 49% by 2050. This scenario assumes a S0%
emiszions reduction in agricullure is achievable in
Ireland and imposes a 95% emissions reduction target
below 1990 levels by 2050 on the energy system to
ensure the overall 80%: target is achieved.

218 NETS-80 scemario

The METS-80 scenario imposes an 80% emissions
reduction target on energy-related CO. emissions by
2050 (similar to the C0O2-80 scenario) but in this case
asasumes that the target will be imposed separately
on ETS and non-ETS sectors, i.e. emulating that
current EU climate policies, as specified by Directive
20092%WEC and Decision 2009M06/EC, will be
extended beyond 2020. This scenario assumes that
energy-related emissions will reduce to 20% of 1950
emissions by 2050 in ETS and separately in non-
ETS sectors. Reductions of 40% and 60% below
1990 levels are set for ETS and non-ETS sectors by
2030 and 2040. Non-energy emissions are implicitly
assumed to reduce at similar rates to energy-related
emissions.
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3 Renewable Energy Targets for 2020

This section focuses on scenario results that address
the following questions:

« How can Ireland meet itz renewable energy targets
for the year 2020 as sfipulated in EU Directive
2009/28/EC (EV, 2009a) at least cost?

* Is cumrent renewable energy policy aligned with the
least-cost results delivered by Irish TIMES?

31 How can Ireland meet its Renewable
Energy Targets for the Year 2020 at
Least Cost?
The scenaro results shown in Fig. 3.1 compares the
contribution from renewable energy (by mode of energy
use) to Ireland's GFC in the REF scenario (ie. without
the mandated 16% target applied) and the REM-16
scenario (i.e. applying the 16% renewable energy
target to be achieved by 2020). Also shown in Fig. 3.1
for comparison are Ireland's NREAP targets for each
mode (i.e. transport, heat and electricity). The resulis
in Fig. 3.1 suggest an altemative approach o meeting
Ireland’s renewable energy target to that contained in
Ireland’s NREAP.

In the NREAP the modal targets are to achieve 10%
RES-T (renewable energy representing 10% of road
and rail tranzport energy), 12% RES-H (renewable
energy repregenting a 12% share of thermal energy for
heating and cooling) and 42 5% RES-E (i.e. renewable
energy representing a 42.5% share of gross electricity

consumption, or GEC) by 2020. Az indicated in Eig.
2.1, the effect of these modal targets in termz of overall
energy use iz that RES-E represents 8.5%, RES-H
4 2% and RES-T 3.4% of GFC in 2020. The least-cost
zolution (REN-16) points o an increased contribution
from renewable heat representing 6.9% of GFC, which
is equivalent to 18% RES-H compared with the current
12% RES-H target in the NREAP. The results from
REM-16 alzo indicate a lower confribution from
renewable eleciricity (34% RES-E compared with
425% in the NREAP). Thiz iz an interesting finding
that warrantz further investigation. In addition, the
resulis from REM-16 suggest a lower coniribution
from renewable transport (3.1% of GFC compared
with 3.4% in the NREAP). It is worth noting however
that renewable generated electricity iz included in
RES-E in Fig. 3.1 even if that electricity i= employed
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Figure 3.1. Comparing REF and REN-16 renewable shares with the National Renewable Energy Action Plan

{NREAP).
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to power elecfric vehicles (EVs). Moreover, because
of the different mix of trangport renewable energy in
REN-18, thiz 3.1% renewable energy contribution to
GFC is equivalent to 13% RES-T, compared with 10%
RES-T in the MREAP. This i= because when the share
of renewable energy fo transport energy (RES-T) i
calculated, certain renewable sources are weighted
maore than others # However, this does not apply when
calculating the contribution of renewable sources to
overall energy use:

3.2  Is Current Renewable Energy Policy
Aligned with a Least-cost Pathway?

In termz of informing policy choices, analysis of Fig. 3.1
should not lead to the conclusion that Ireland's target
for renewable electricity should be reduced and its
target for renewable heat increased. There iz significant
impetug behind — and progress towards — increasing
the amount of renewable-electricity generation, which
has grown from 5% in 2000 to 18% in 2011 (Howley et
al., 2012). It is sensible to continue on this path in the
context of longer-term aspirations beyond 2020. What
Fig. 2.1 does suggest is that the role that renewable heat
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can potentially take in Ireland should be re-examined. it
also suggests that renewable energy policy in Ireland
should be amended. The cument policy focuses
mainly on achieving the renswable electricity target.
There iz much legs focus on renewable transport, and
currently no adequate policy mechanizms for promoting
renewable heat. Thezse izzues need to be addressed as
a matter of urgency.

The Irish TIMES REM-16 results also indicate different
technology choices compared with those underpinning
the NREAP. The REN-16 results do not include EVs or
ocean energy (which are included in NREAP) and do
include biogas for fransport and heating. The diferences
are most notable in RES-T, as shown in Eig. 3.2, REN-
16 results point to half of bicfuels in transport coming
from bicgas, while the NREAP points to biodiesel and
bioethanol. Thiz suggests that the potential for biogas
as a fransport fuel be re-examined. The results from
thiz least-cost approach concur with other research
that focuses on other benefits of biogas as a transport
fuel (Smyth et al., 2010; Thamsirirej and Murphy, 2011;
Thamsirirgj et al., 2011). Fig. 3.3 presents the results for
RES-H, again comparing the REMN-16 results with the
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Figure 3.2. Renewable energy consumption for transport sector (ktoe).

2 This is in accordance with EU Directive 2000/28EC
(ELU. 2008a). Second-generafion biofuels and biofuels
generated from waste are allocated a weighting factor
of 2. Renewable-generated eleciricity powering electric
vehicles are allocated a weighiing of 2.5
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renewable heat pathway stipulated in Ireland’'s NREAP. geothermal or solar thermal energy and chooses solid
The higher volumes of renewable thermal energy in biomass and biogas as the preferred sources. Further
REN-16 are striking, and the different technology choices details onthe renewable energy scenarios are available in
also noticeable. In particular, REN-16 does not include O Gallachoir et al. (2012).
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Figure 3.3. Renewable thermal energy consumption (ktoe).
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4  Greenhouse Gas Emissions Reduction Targets for 2020

This section focuses on scenario results that address

the following questions:

& What are the implications of Ireland’s target for
greenhouse gas (GHG) emissions reduchons,
particularly in non-ETS sectors as stipulated in EU
Decigion 4062003 (EU, 2009¢) for Ireland's energy
system?

s |f agriculture-related GHG emissions to 2020 are
in line with the Ireland’s Food Harvest 2020 policy*
can Ireland's energy system achieve deeper
emissions reductions to compenszate for growth in
agriculture, and at what cost?

Two scenarios (NETS-CO2 and NETS-GHG) are

built in Irish TIMES to inform decigions regarding

Ireland's target to reduce non-ETS GHG emissions by

20% below 2005 levels by 2020 as stipulated in EU

Decision 406/2009. The NETS-CO2 scenario imposes

a 20% constraint on the energy system only. This

implicitly assumes that the other non-ETS seciors of

the economy (notably agriculiure) can also deliver
25

a 20% GHG emissions reduction target by 2020
The NETS-GHG scenario assumes that agriculture-
related GHG emiszions follow a trend aligned to the
Food Harvest 2020 policy. In this case, the non-ETS
emissions reduction target for the energy system iz
increased to 31.5% to compensate for a lower than
20% reduction achieved by agriculture. The purpose
of these scenarios is to inform decizgions regarding the
different sectoral contributions to meeting Ireland's
overall non-ETS sector target. Further details are
available in Chiodi et al. (2012b).

4.1  Implications of Ireland’s 2020 Target
for Greenhouse Gas Emissions
Reductions for Ireland’s Energy
System

Figure 4.1 shows Ireland’s energy-related non-ETS
emissions from 2005 fo 2020, comparing the REF
scenaric results with the NETS-CO2. In particular,
Fig. 4.1 indicates which sectors contribute most
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Figure 4.1. Comparing non-ETS C0, emissions in REF and NETS-CO2 (M#).

3 Food Harvest 2020 (DWFF, 2010) envisages significant
growth in agri-food output in Ireland fo 2020 (including
notably a 50% increase in milk production and a 40%
increase in food and beverages added value).
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to non-ETS emissions reduction. It is important to
note that the REF scenario represents a least-cost
energy system pathway and hence already includes
cost-effective energy-efficiency improvements and
renewable energy deployment. The REF scenario
alzo incorporates the effects of the 2008 and 2011
Building Regulations (DEHLG, 2008 and DEHLG,
2011), which means that new buildings in the model
have a significantly improved energy performance
compared with existing buildings (Dineen and
] Gallachair, 2011). In this NETS-CO2 scenario, the
results suggest that significant non-ETS emigsions
reductions may be achieved within the residential
(accounting for 42.1% of the emissions reduction
compared with REF), transport (accounting for 31.3%
of the emissions reduction) and services (24 4% of
the emigsions reduction) sectors.

The emissions reductions in the NETS-C02 scenario
are achieved through increased energy efficiency
and as a result of two key fuel-switching pathways:
(i) increasing the amount of biofuels used in transport
significantly and (i) the electrification of heating in
buildings. In the case of the latter, electrification
of heating shifts CO, emissions from the non-ETS
sectors (heating in the residential and services
sectors) to the ETS sectors (i.e. electricity generation).
While electrification of transport (i.e. introducing
EVs) delivers a similar result, this technology does
not feature significantly in the results because of
the cument and future anficipated costs of EVs (in
particular, the battery costs).

These results again underine the need to reassess
Ireland’s renewable energy policies in the light of the
non-ETS emissions reduction target. The results point
to a focus on renewable heat, renewable transport
and electrification of heat, in contrast to the current
dominant emphasis on wind-generated electricity. In
order to meet Ireland’s targets for renewable heat
and to achieve further emissions reductions it will
ke necessary to develop effective policy measures
for fuelswitching. Two previous schemes have
encouraged fuel-switching to renewable heating,

11

namely the Greener Homes scheme in the residential
sectort and the ReHeat scheme in the commercial,
industrial, servicez and public seciors.® Howsver,
these schemes ended in 2011.

4.2  Impacts of Agriculture-related
Greenhouse Gas Emissions to 2020 on
Ireland’s Energy System

Figure 4 2 alzo graphs Ireland’s energy-related non-
ETS emissions from 2005 to 2020, but in this case
comparing the MNETS-C02 with the MNETS-GHG
results. It captures the effect of the additional burden
placed on the energy system to compensate for
agriculture. In NETS-CO2, a 20% non-ETS emissions
reduction target iz imposed on the energy system,
whereas in NETS-GHG the energy system faces a
31.5% non-ETS emissions reduction target, due to
agriculture not achieving a 20% reduction.

The NETS-GHG scenmario points fo further use of
biofuels for transport, compared with MNETS-CO2
(resulting in 21% RES-T) and further electrification of
heat in buildings. Figure 4.3 provides an interesting
comparizon between the renewable energy pathway
envizaged in Ireland’s NREAP with that arizing from
the HETS-GHG scenario.

It iz important to note that the NREAP iz designed to
meet Ireland’s target under the EL Renewable Energy
Directive 2009/28/EC (EU, 2009a) rather than Ireland's
target for non-ETS emissions under Decigion 406/2009
(EL, 2009c). The renewable energy ansing from the
METS-GHG =scenaric accounts for 18.5% of overall
energy use, hence exceeding the EU Renewable
Energy Directive target for Ireland of 16%. The scenario
resultz also suggest that the cument policy focus will
likely result in failure to meet the non-ETS target.

4 See hito:/Anens.seai. ie/Grants/GreenerHomes/Scheme
Statistics/ for more details.

5 See hitp/ferenw seaiis/Grants/Renewable Heaf
Deployment Programme/ for more details.
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Figure 4.2. Comparing non-ETS CO, emissions in NETS-CO2 and NETS-GHG (Mt).
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Figure 4.3. Comparing renewable energy in the National Renewable Energy Action Plan (NREAP) and NETS-

GHG (ktoe).

Other interesting facets of Fig. 4.3 relate to the
different technology choices. The NETS-GHG scenario
understandably points to greater contributions from
renewable heat and renewable transport technologies
as these are the non-ETS sectors. The contribution
from renewable electricity in the NREAP is double that

12

shown in the NETS-GHG scenario. Given the fact that
wind-generated electricity does not confribute directly
to the non-ETS target, this again is understandable. As
mentioned earlier, the key message from these results
is not that the momentum in wind-energy deployment
is arrested, but that the resolve to increase renewable
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transport and renewabde heat energy is augmented, if
Ireland intends meeting the non-ETS farget. it is also
worth recalling that, in the NETS-GHG scenario, the
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energy system emissions reduction is 31.5% compared
with 2005 levels, compensating for agriculture emissions
growing in line with the Food Harvest 2020 policy.

AiEthae!
I I
I
FIES-E REST AES-H
WETS-GHG

200

Figure 4.4. Renewables consumption by mode in NETS-CO2 and NETS-GHG (ktoe).

FEigure 4 4 captures the explicit impact of thig in terms of
renewable energy, by comparing the renswable energy
results for NETS-CO2 and NETS-GHG. In NETS-CO2,
the amount of bicfuels required iz similar fo the NREAP
{if compared with the left-hand side of Fig. 4.3), although
the mix iz guite different because of the penetration of
biogas as a transport fuel in NETS-CO2. Moving from
NETS-CO2 to NETS5-GHG requires almost a doubling
of biofuels, which iz necessary to compensate for
agriculture not meeting a 20% emissions reduction
target.

This raizes a further interesting policy issue — if more
biofuels are used fo enable the agriculture sector to
generate GHG emissions in line with Food Harvest
2020, separate to the izsue of costs, to what extent will
this result in land-use competition issues that may in
tum impact on Food Harvest 20207

There iz a significant challenge in guantifying the costs
of climate-mitigation policies, in determining how these
costs should be allocated and in developing an effective
mechanism o ensure that the costs are then allocated
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as they should be. To date, the Irish TIMES project has
focuzed on shedding light on two aspects that do not
purport to meet thiz challenge but do provide some
uszeful inputs to dizcussions and analysis. The CO,
marginal abatement costs can be exiracted readily
from the model results, that iz, the cost of delivering
the last (marginal) tonne of abatement in a particular
scenanio. The second metrnic developed iz a crude
measure of the cost of mitigation as a proportion of
GDP in a particular time period. This is estimated by
calculating the difference in total energy system costs
between a mitigation scenario and the REF scenario
in each time period and by then dividing this by the
cumulative GDP generated in that period.

Table 4.1 shows the marginal cost of CO, abatement in
2015 and in 2020 for three gcenarios. Focusing on the
2020 resuliz, the marginal cost of meeting non-ETS
target increases from Sy 158RCO, 10 €2 1IMCO,
maving from a 20% non-ETS CO, emissions reduction
to a 20% non-ETS GHG emizsions reduction. This
increase guantifies the effect of the energy system
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facing a 20% target compared with a 31.5% target
(compensating for a lower emissions reduction in
agriculture). One way to interpret these numbers iz
to congider no policy measures other than a carbon
tax being applied. In this scenario, the marginal cost
is equivalent to the level of tax that would need to be
applied to meet the scenario target. For comparison
in terms of the scale these costs represent, the
current level of carbon tax in Ireland is €20/C0.. This
suggests that it will be very expensive to meet the non-
ETS mitigation target for 2020.

Table 4.1. CO, shadow prices in CO2-20, NETS-CO2
and METS-GHG.

[Eaeolton CO,] Scenario 2015 2020

Mon-ETS emissions  C02-20 O 45
METS-CO2 Bg 158
METS-GHG o7 213

Athird scenario — the C02-20 scenario — is also shown
in Table 4.1. This imposes an overall reduction target
of 20.53% on energy-related CO, emissions by 2020
relative to 2005 levels rather than a separate 21% ETS
target and 20% non-ETS target. It is worth nothing
that the CO2-20 scenario is not aligned with national
or European legislation, but has been presented here
to guantify the impact of not having separate ETS or
non-ETS targets. The CO2-20 emulates the approach
adopted by the European Commission (EC) at EU
level to determine the EU ETS and non-ETS targets
(EC, 2008). Firstly, the least-cost pathway for meeting
the averall EUJ 2020 20% GHG emissions reduction
targets (relative to 1990 levels) was established,
pointing to a 21% emissions reduction target for
ETS sectors and a 10% reduction target for non-
ETS sectors (in both cases relative to 2005 levels).
Initial individual Member State non-ETS emissions
reductions targets were then determined using a
least-cost optimisation approach. In the results of this
‘cost efficient policy case’ Ireland’s non-ETS GHG
emissions reduction were 17% below 2005 levels
(Table 4 of SEC(2008) 85 Vol. ). The EU analysis
indicated that the cost-efficient policy case can be
achieved at a marginal abatement cost of €40-€50/
tCO,. The ability of individual Member States to invest
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im mitigation was then taken into account to ensure an
equitable distribution of effort. Ireland had a relatively
high level of GDF per capita in 2005 and was thus
allocated a target to achieve a 20% reduction relative
to 2005.

The Irish TIMES results in Table 4.1 raise a number
of guestions regarding the analysis that underpinned
Ireland’'s obligations under Decision 2009/406/EC.
One significant finding iz that imposing a 20% target
on non-ETS energy-related CO, emissions target
results in a high marginal abatement cost (€5, 158/
tC0O,), which suggests the target set for Ireland is far
from cost optimal. This is before incorporating the
fact that agriculture represents nearly half of non-
ETS emissions in lreland, with few mitigation options.
When this iz taken into account (by imposing a larger
target emissions reduction on the energy system), the
marginal abatement cost increases further to €,,,.213/
tCO,. This abatement cost is more than four imes
higher than the marginal abatement cost of €40-E50/
tCO, deemed sufficient for Ireland to achieve a 17%
non-ETS GHG emissions reduction in the analysis
carried out (EC, 2008) to inform the Effort Sharing
Decision 2009/406/EC. The CO2-20 scenario however
points to a marginal abatement cost of €,,,46/f CO,,
which aligns much more closely with the EU analysis
figures. Figure 4.5 illustrates the implications of this
im terms of Ireland’s non-ETS emissions reduction
target. The energy-related CO, emission trajectories
for the MNETS-C02 scenario and the C02-20 scenarios
to 2020 are compared in Fig. 4.5 (along with the REF
scenario results). Focusing on the non-ETS emissions
reduction only, Fig. 4.5 suggests that a return to 2005
levels by 2020 in non-ETS emissionz would have
been significantly more cost optimal than the 20%
emissions reduction target allocated to Ireland. It is
worth noting here that these scenarios focus on the
energy system only and hence implicitty assume
that agriculture can meet an eguivalent emissions
reduction target. A 0.3% reduction in emissions
relative to 2005 levels by 2020 for agriculiure is
however consistent with the analysis underpinning
the emissions associated with the Food Harvest 2020

policy.
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Figure 4.5. ETS and non-ETS CO, emigsions trajectories in REF, CO2-20 and NETS-CO2 (Mt).

Table 4.2 providez a simple meftric to indicate the
impacts of the energy system and of mitigation
policiez on Ireland's economy, comparing the total
gystem costs (including investment costzs, operation
and maintenance costs, fuel costs, transmission and
distribution cosfs, delivery cosis, etc.) with economic
activity (GDP) for the scenarios generated. The first
row in Table 4 2 estimates that Ireland’s energy system
costs will be reduced over the fime horizon to 2020
from over 10% of GDP to less than 8%. Focusing on

the last column in Table 4.2, the results suggest that
the mitigation costs associated with the most ambitious
scenario (NETS-GHG) will represent 0.7% of GDP in
20220. A key cavest to these resuliz is the assumption
in thiz model that energy service demands in the REF
scenario are maintained as constant in the mitigation
gcenarios. This meang the increased energy cosis
aszociated with mitigation do not have a direct impact
on GDP, which iz assumed to be the same across all
SCENAarios.

Table 4.2. Energy system costs (GDP) — the cost of mitigation.

2005 2010 2015 2020
(%) (%) %) %)

SysCost  REFIGDP 1121 1044 242 7.87
coz-20 +0.25 021 +0.23

NETS-CO2 027 +0.30 0.4

NETS-GHG 027 042 +0.680
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S Greenhouse Gas Emissions Reduction Targets for 2050

This section focuses on scenanio results that address
the following questions:

« Can Ireland’s energy system deliver our Irizh energy
service demands fo 2050 and alzo achieve an 80%
reduction in energy-related GHG emissions relative
fo 1990 levels?

« [f the agriculture sector does not achieve an 80%
GHG emissions reduction by 2050, what are the
implications for the energy system?

« What are the cost implications of deep
decarbonisation and of the energy system
compensating for agriculture achieving lower
emiszions reductions?

Dwring this project, UCC developed the first detailed
energy and energy-related CO., emigsions scenarios for
Ireland, based on new macro-economic projections for
Ireland to 2050 that were generated by the ESRI.

Ireland does not have a specific target for GHG
emissions reduction beyond 2020. The Climate
Change Response Bill 2010 (DEHLG, 2010) proposed
the target of 80% emissions reduction by 2050 relative
to 1990 levels. The EU haz committed to achieving
emissions reduction in the range of 80-95% below

50

1990 levelzs by 2050. The scenanos here were
developed in order to inform the discussions regarding
Ireland moving towards a low-carbon economy by 2050
and are illustrated in Fig. 5.1. In the CO2-80 scenario,
an B0% emissions reduction target is applied to the
energy system only. Further scenarios were developed
to compensate for agriculture not meeting an 80%
emissions reduction target. In the absence of agriculture
emissions projections for Ireland beyond 2020, initially
a projection was developed based on assuming that
agriculture GHG emizsion levels in 2050 were the
zame as 2020 levels. Based on thizs assumption, the
energy system would be required to meet a 127% ©0,
emissions reduction by 2050 relative fo 1990 levels.
This is the CO2-127 scenario shown in Fig. 5.1. The
energy system would be required to generate -5 Mt
CO, emissions in 2050. Biomass carbon capture and
storage (CCS) is a technology that delivers negative
emissions but this iz not yet available in Irish TIMES. An
alternative approach was adopted whereby Ireland's
agriculture emissions were assumed fo achieve a
90% reduction by 2050. This is the same percentage
reduction as suggested in the EU Low Carbon Roadmap
(EC, 2011) for agriculiure emissions within the EU as
a whole. Using this exogenous assumption, the energy

a0 "‘-\\—-\—.-—_ — __BEE

-\-\-\--"l.
a0
§ 20
= coz-a0|
= T
10 e |COZ95
cbzk
0
2005 2010 2015 2000 2025 2030 2035 2040 .. 2080
10

Figure 5.1. Mitigation scenario pathways to 2050 (Mt).
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gyztem iz then required to deliver a 95% emissions
reduction by 2050 and this was adopted here as the
CO2-95 emiszions scenario. The emissions reduction
is applied fo total CO, emissions. A further scenario
not shown here (NETS-80) was also developed, in
which the B0% emissions reduction target iz imposed
separately on ETS and non-ETS emisgions.

Figure 5.1 underiines the scale of the long-ferm
challenge facing Ireland. If agriculture can achieve a
50% reduction in GHG emissions by 2050, the entire
energy system must achieve a 95% reduction in CO,
to deliver an overall GHG emissions reduction of 80%.
Thiz means the maximum energy-related CO, that
the energy system can produce in 2050 iz 1.5 M
This s equivalent (in terms of today's energy system)
to less than 10% of cument emissions from electncity
generation, noting that electricity accounts for just 18%
of Ireland’s energy use.

5.1 CanIreland’s Energy System meet
Energy needs in 2050 and Achieve
an 80% Reduction in Energy-related
Greenhouse Gas Emissions?

The model results from the 2050 scenarios indicate that
these deep emissions cuts are technically possible,
while also meeting Irish future energy service demands
by incorporating redical changes in energy demand-side

35 33.5
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and supply-side technologies. The results point to which
energy efficiency and renewable energy technologies
will have a determining role in delivering the target
at least cost. Figure 5.2 shows the CO, emissions
resuliz from these long-term scenaros, comparing the
REF scenario with CO2-80 and CO2-95. The results
illustrate the contribution of individual sectors to CO,
emiszions reduction. Reductionz are important in the
whole energy system, but mainly in tranzport, electricity
generation and industny.

52  What are the Implications for the
Energy System if Agriculture does
not achieve 80% Greenhouse Gas
Emissions reduction by 20507

Figure 5.2 compares the final energy use in the REF,
CO2-80 and CO2-95 scenariog. The resulis in the

period 202302050 show differences in each scenario
in terms of the amount of energy required to meet
future energy service demands. This illustrates the
improvernent in end-use energy efficiency as Ireland
mioves increasingly towards an increasingly low-
carbon energy system. I is worth noting that the REF
scenario also already includes cost-effective efficiency
improvemnents delivered over the time horizon.
Comparing the results in 2050, final energy use in the
CO2-80 and CO2-95 scenarios is 20.5% and 23.1%
le=s than REF.
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Figure 5.2. Decomposgition of 2050 CO, emissions between REF, CO2-80 and CO2-95 [Mt).
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Figure 5.3. Final energy demand by sector in REF, CO2-80 and CO2-95 (ktoe).

Figure 5.4 shows the changes in the fuel mix for
electricity generation for the period 20052050
comparing the three scenarioz. The REF scenario
pointz to =significant decarbonisation and the
mitigation scenarios deepen this further. The CO2-
80 scenario is dominated by renewable energy, with
natural gas CCS and natural gas combined cycle
gas turbine (CCGT) power plants also contributing.
Renewable generated electricity in 2050 accounts
for 71.9% of GEC in CO2-80, compared to 100%
renewable eleciricity generation (in addition to imports
of 2.3% of GEC) in CO2-95. The remaining electricity
in COZ2-80 iz provided by gas CCS {accounting for
18% of GEC). The additional efforts required to
miove from CO2-80 to CO2-95 (i.e. delivering further
reductions of 4.5 Mt) are mainly concentrated in the
power sector (gas CCS displaced by biomass) and
increased electrification of heating in the residential
and services sector.
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In the CO2-95 scenario, 8 complete decarbonization
of the Insh electricity system in 2050 can be seen
{comprizing 67% wind and 28% biomass, induding
bicgas, a small contribution from hydro power and the
remainder from electricity imporiz). Also evident in Fig.
5.4 iz the increasge in total electricity generation across
the scenarios because of the elecirification of heating.

Thiz electrification is more clearly visible in Fig. 5.5,
which shows the growth in electricity usage. Moving
from REF to CO2-80 electrification of fransport staris to
take place in 2030, as does the growth in electrification
of residential heating. In COZ2-95 more significant
electrification of residential heating occurs and the
impact of thiz is that electricity demand more than
doubles between 2005 and 2050.

Elecfrification of heat in particular but alzo of transport
results in the share of energy use delivered by electricity
increasing from 18.8% in REF (similar to curment levels)
to 31.0% in C0O2-80 and 46_7% in C0O2-95.
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Figure 5.4. Electricity generation by fuel in REF, CO2-80 and CO2-95 (ktoe).
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Regarding transport energy use, Fig. 5.6 compares
the different scenario results in 2050, digtinguishing
between private transport, freight and public fransport.
Most of transport energy is also decarbonised with
private cars diveriing fo EVs, freight and public transport
to biofuels (comprising biodiesel and biogas).

Figure 5.7 compares the CO2-80 and CO2-95 resulis
in terms of renewable energy usage in 2050 by mode.
Renewable energy in 2050 is 84 Mioe in the CO2-
80 scenario (accounting for 67.8% of GFC, compared
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with 25.3% of GFC in the REF scenario). In the CO2-
95 scenario, renewable energy reaches 10.4 Mioe,
representing 85.1% of GFC. The main renewable
energy resources used are biomass (biodiesel and
biogas for fransport and biomass for heat) and wind.

The significant difference between the scenarios is the
full move to renewable generated electricity in C02-
95. Some of the biomass that was used for thermal
energy in C02-80 is used for electricity generation in
C02-95.
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Figure 5.6. 2050 transport energy by end-use in REF, C02-80 and C02-95 (ktoe).
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5.3  What are the Cost Implications
of Deep Decarbonisation and of
the Energy System Compensating
for Agriculture achieving Lower
Emissions Reductions?

The economic impacts of these scenarios uze the same
metrics as those used for the 2020 GHG emissions
reduction scenarios, namely the marginal cost of COy
abatement and the ratio between energy-systems costs
and GDP. Table 5.1 summarizes the marginal abatement
costs for the CO2-80 and CO2-95 scenariog relative
to REF. The results suggest a significant increase
in marginal abatement costs by 2030 from €.,273
10 €uy1308 in the COZ-80 and CO2-95 scenanos
respectively. Two additional intermediate scenarios with
different emissions reduction target (-85% and -90%)
are also imcluded for comparizon. This indicates the
challenge in moving beyond an 80% CO, emissions
reduction scenario.

A further scenaro result is also provided here: the
METS-80 scenanc. This underines the impacts of
extending current EU mitigation policies (Directive
2009/2%EC and Decision 200%/4068/EC) beyond 2020
with separate targets between ETS and non-ETS
sectors, resulting in greater electrification (already
important in the previous cases) to reduce emissions
in end-use sectors (mainly the residential sector). The
results confirm that emission reductions are generally
cheaper in the ETS sector. This means that applying the
same target to ETS and non-ETS sectors separately

Table 5.1. CO, shadow prices.”

results in higher overall costs. More work is required
to elaborate further the impact on long-term pathways
of changing the short-term targetz. In this analysis, the
20.5% total CO, emiszions reduction target in 2020 is
imposed relative to 2005 levels in CO2-80 and the 2020
target to 26.8% for CO2-95 increased, comipensating
for agriculture not meeting a 20% emissions reduction
target in 2020. In the NETS-80 scenario, separate 2020
targets of 21% for ETS and 20% for non-ETS energy-
related CO, emisgions are imposed.

Figure 5.8 presentz the ratio of energy-systems costs
{and of investment costs) and economic growth levels
{GDP) in the same period. Thiz provides an indication
of the impact, as a percentage of GDP, of delivering
emissions reduction targets. In the REF scenario
the energy system costs are reduced in the perod
2005-2020, passing from 11.2% to 7.9% of GDP. This
reduction continues in the following periods, reaching
T.0% of GDP by 2050. Investments, which accounted
for about 2.3% of GDP in 2010, grow to 3.9% of GDPin
the period 2020-2040 and then slightly reduce to 3.7%
by 2050.

In the CO2-80 scenario, the enengy system costs account
for about 7_.7% of GDP by 2050, suggesting that (relative
to the REF scenario) the coste of mitigation are less than
1% of GDP in 2050. The energy system costs to deliver
95% of emissions reduction account for 8.6% of GDP by
2050 hence, the costs of the CO2-95 mitigation scenario
{again relative to the REF scenario) are less than 2%
of GDP in 2050. The NETS5-80 and NETS-20/CO2-80
deliver higher system costs in the period 2020-2030.

Scenario 2020 2030 2040 2050
coz2-80 a3 136 oo 273 Exoltonne CO;
c0Z-85 a3 131 158 523 €. ftonne GO,
cozZ-80 a3 127 158 fo4 €. ftonne GO,
COZ-05 65 185 173 1308 £oftonne GO,
METS-&0 141 o7 BT 554 E.pftonne GO,

§ BEguivalent European studies such as WETO-H2 (EC,
2006) and SECURE (EC. 2010} indicate for similar policy
assumptions (Johannesburg Agreement scenanio and Carbon
constraint case) CO, marginal prices for EU2T and EUZT+
{Europe including Balkans and Turkey) of €,,,312%0on (392
Eoeetom) amd €, 159 ton (€200 fton) fior the year 2050.
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Figure 5.8. Comparing system costs with grogs domestic product (GDP).

In all mitigation scenarics, increased systems costs are the 2050 scenarios and resuliz can be found in Chiodi
driven by investments that will range between 4.4 and et al (2012a).
5.0% of GDP in the period 2030-2050. Further details on
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6 Conclusions

This project provides Ireland for the first time with energy-
gyatemn configurations and technology pathways that
deliver short- and medium-term policy targets at least
cost, namely, how Ireland can meet the requirements
under the EU Renewable Energy Directive, the EU Effort
Sharing Decision 2009/406/EC on non-ETS emissions
and long-term emissions reduction targets at least cost.

Section 3 indicates that the EU 16% renewable energy
target’ could be optimally achieved by 2020 with a
different pathway to that currently being followed under
Ireland’'s NREAP. Motably, the results here suggest a
higher amount of biomass usage for renewable heat
than current targets (i.e. 18% RES-H rather than
12% RES-H). Moreover, the policy focus in Ireland is
dominated by achieving 40% of renewable electricity,
while renewable transport receives a much lower focus
and there are no cument policy mechanisms in place
to promote renewable heat. The resulis for renewable
heat highlight the importance of developing reliable
production chains to allow this potential to be achieved.
Furthermore, the Insh TIMES model indicates negligible
contributions of ocean energy in the eleciricity sector
by 2020 due to their high costs, while EVs will have
a marginal role in the transport sector, which instead
relies on increasing shares of biofuels. The results also
indicate half of biofuels in transport coming from biogas,
while the NREAP points to biodiesel and bicethanol,
suggesting that this focus should be re-examined.
Achisvement of the renewables target also confributes
to @ GHG reduction of 3.0 Mt of CO,, . by 2020, delivered
mainly by savings in the power sector and industry.

The analysiz in Section 4 raises a number of questions
regarding Ireland's obligations wunder Decision
200%406/EC to reduce non-ETS GHG emissions by
20% below 2003 levels. The results from the NETS-
C0O2 scenaro suggest that significant non-ETS
emissions reductions may be achieved within the
residential, transport and services sector through two
key pathways: (i) electrification of heating in buildings
(i.e. shifting CO., emissicns from the non-ETS sectors to
the ETS sectors, namely eleciricity generation) and (i)

7 Under the EU Renewable Energy Directive (2008/28/EC)

significantly increasing the amount of biofusls used in
trangport. This points to the need to reassess Ireland’s
renewsable energy policies in the light of the non-ETS
emissions reduction target The results suggest a
focus on renewable heat, renewable fransport and
elecirification of heat, in contrast to the current dominant
focus on wind-generated electricity. The results also
show that ETS companies in Ireland are likely to have a
significant amount of emissions allowances to sell and
frade with other companies across the EU. Comparing
HETS-CO2 with CO2-20 demonstrates the additional
costs in meeting separate ETS and non-ETS targets
compared with an overall emissions reduction target.
The MWETS-GHG scenario undedines the significant
role of agriculiure in non-ETS sector emissions and
quantifies the costs associated with imposing a 31.5%
non-ETS emigsicns reduction target on Ireland’s ensrgy
system to compensate for the fact that agriculture
delivers a reduction of 4% by 2020 relative to 2005
lewvels. The results point to further renewable energy
use in transport and further electrification of heat in
buildings.

The results in Section 5 indicate that challenging CO,
emissions reductions such as 50% and 95% (equivalent
to B0 GHG emissions reduction) relative to 1990 levels
can be achieved technically in Ireland. They underined
which  energy-efficiency and renewable-energy
technologies will have a determining role in delivering
the target at least cost. Reductions are important in the
whole energy system, but mainly in transport, power
gector and industry sectors.

Comparing the final energy use in the CO2-80 scenario
with REF shows a 21% improvement in end-use
enargy efficiency, increasing further to 23% in the CO2-
95 scenario. Renewable energy accounts for 23.3% of
GFC in the REF scenario, increasing to 67.8 in CO2-
80 and 85.1% in C0O2-95. The main renewakble ensrgy
resources used are biomass (biodiesel and biogas for
transport and biomass for heat) and wind. Electrification
of heat in particular but also of transport results in the
share of energy use delivered by electricity increasing
from 18.8% in REF (similar to cumrent levels) to 31.0%in
CO2-80 and 46.7% in CO2-95. Renewable generated
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electricity accountz for 71.9% of GEC in CO2-80,
compared with 100% renewable electricity generation
in CO2-95. The remaining electricity in CO2-80 is
provided by gas CCS (accounting for 18% of GEC).
The additional efforts required to mowve from CO2-80 to
C0O2-95 (ie. delivering further reductions of 4.5 Mt) are
mainly concentrated in the power sector (gas CCS is
displaced by biomass) and increased electrification of
heating in the residential and services sector.

Although the Irizh TIMES model is currently not able to
endogenouslyinclude non-energy agriculture emissions,
the CO2-95 scenario underines the implications for
Ireland of failing to reduce emissions within agriculture.
The energy sector iz forced to compensate for any
under-achievement in mitigation. The results suggest
a significant increase in system costs from 48 fo
66% relative to 2005 levels and marginal cost from
€273 to €1,308 in the CO2-80 and CO2-95 scenanios
respectively.

Further work is required in a number of areas to improve
the results and to extend the scope of the analysis. An
important step in this regard is the Irnsh TIMES Phasze
2 project that commenced in November 2011 and will
focus on:

1  Updating the model with new projections of Ireland’s
economy to 2050, new fuel price and resource
availability projections and new technology options
and costs.

2 Investigating the impacts of high levels of
renewable generated electricity onthe power system
by soft-linking lIrizh TIMES with a higher temporal
resolution power systems model (PLEXOS). This
research has already generated a novel approach
and some interesting results (Deane et al., 2012).

3 Dewveloping economy-wide mitigation scenarios.
The work to date has focused on modelling
the energy system in isclation with exogenous
assumptions regarding emissions reduction in
agriculture. This research will cover both the energy
system and the agriculiure system together.

4  Incorporating behaviour into Irish TIMES. The
model can currently choose technology solutions
to achieved mitigation targets. Incorporating
elastic demand will also enable the option of
energy-service demand reduction to compete with
technology change as energy costz increase. In

addition, separate work funded by the IEA-ETSAP
(Daty et al., 2012) has begun on a methodology for
introducing modal choice into the transport sector.

5 Furher elaborating the impact on long-term
pathways of changing the shori-term targets,
building on the current analysis, which:

a Imposes the 20.5% total CC, emissions reduc-
tion target in 2020 relative to 2005 levels in
CO2-80,

b Increases the 2020 target to 26.8% for CO2-
95, compensating for agriculture not meeting a
20% emissions reduction target in 2020; and

¢ Imposes separate 2020 targets of 21% for
ETS and 20% for non-ETS energy-related CO,
emissions in the NETS-80 scenario.

6 Improving the representation of interconnection
and energy imporis and exports. This iz being
achieved by reintegrating Irish TIMES within the
Pan Eurcpean TIMES model and scenario analysis.

It iz worth noting that the Research Prioritisation
Steering Group (Forfas, 2011) publizhed its report as
this project was being completed. While the focus of the
ateering group was not on ressarch that informs paolicy
choices, this was discussed and the Irizsh TIMES project
iz very well aligned with their conclusions:

Research plays an important rale in helping
Government to achieve its policy objectives

_.. facilitates us in meeting our objectives

at minimum cost ... Research programmes
designed to inform the policy process play a
vital role in agenda setting and increase the
likefinood of ranslating important findings in
redation to ... , envircnment and other research
domains into feasible and implementable
services and systems. In a number of areas,
policy is negotiated with the European Unicn,
out of which emerge obligations, regulations
and income fransfers. The quality of our
negotiating effort iz directly shaped by the
quality of the evidence-based research that
we bring to the negotiating table. High guality
research, informing both our negotiating position
and then the implementation of decisionsg, is
required if we are {o succesd.
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The resultz in Section 3 challenge the underying
bagizs for Ireland's obligations under Decision
2009/406/EC to reduce non-ETS GHG emizsions by
20% below 2005 levels. Irish negotiating effort at the
time was diminished because of the abzence of a
modelling tool such as Iish TIMES. As Ireland enters

[
Ln

negotiations regarding its confribution to 2030 and
2050 EU targets for energy efficiency, renewable
energy and climate mitigation, this modelling tool
provides the capacity to improve both the Irish

negotiating position and then the implementation of
decisions.
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Irish TIMES Energy Systems Model

Acronvms

CCS Carbon caplure and storage

CCGT Combined cycle gas turbine

CJHP Combined heat and power

ESRI Economic and Social Research Institute
=7 Electric vehicles

IEA-ETSAP  Energy Technology Systems Programme

GEC Gross electricity consumption

GFC Grosas final energy consumption

NREAP Mational Renewable Energy Action Plan

non-ETS Man- emissicns trading sectors

PET= Pan European TIMES

RES-E Renewable energy representing a £42.5% share of gross eleciricity consumption

RES-H Renewable energy representing a 12% share of thermal energy for heating and
cooling

RES-T Renewable energy representing 10% of road and rail fransport energy
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