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Key messages
1.

We develop a National Mitigation Plan (NMP) scenario to assess the coherence between the
2030 target proposed under the EU’s Effort Sharing Proposal (ESP) and Ireland’s longer-term
national decarbonisation objective

2.

In NMP, major individual sectors achieve decarbonisation of between 72% and 89% relative to
1990 by 2050

3.

The focus of this analysis is primarily on the energy-component of non-ETS emissions within the
context of the EU’s Effort Sharing Proposals (i.e. the period to 2030)

4.

The NMP scenario points to rapid decarbonisation in the buildings and transport sectors by
2030, although we assume no significant decarbonisation in agriculture

5.

Emissions from (residential and service sector) buildings fall by 56% by 2030 compared to 2005

6.

Transport emissions fall by 13% by 2030 compared to 2005 (a 35% reduction relative to BAU)

7.

The primary means of 2030 compliance relates to improving energy efficiency:
a. Energy use (including electricity and heat) falls by the equivalent of 28% in all private
homes by 2030 compared to BAU
b. There is high adoption of more efficient private vehicles, appliances and lighting
8. In NMP electrification of heat and transport is another notable trend. By 2030:
a. Over a million electric vehicles are on the road
b. 28,500 homes have installed heat pumps
c. There is widespread adoption of electrical heating in the services sector

9.

Renewables also grow strongly in NMP, accounting for 14% of heat demand, 11% of transport
fuels but only 32% of electricity by 2030 (we assume an ETS price in the ETS)

10. Notwithstanding efficiency gains, demand for electricity grows: by 2030 production is 9% higher
in NMP compared to BAU, and this is met by increasing levels of on-shore wind (to 3,400 MW)
and 220 MW of solar PV
11. Oil use for space and water heating is almost entirely phased out in NMP by 2030, both in the
residential and services sectors, while coal and peat are fully eliminated; petrol and diesel use in
private transport is also significantly reduced
12. The marginal abatement cost of carbon reaches €99/tCO2 by 2030 increasing to €560/tCO2 by
2050 in the NMP scenario
13. This would significantly add to the cost of oil and other fossil fuels, which could impact some
sectors of the economy, depending on several factors, including: the pace of the carbon price
increase compared to expectations; the energy intensity and export dependency of sectors; and
the carbon price imposed in competitor countries
14. The declining importance of oil/fossil fuels in the NMP scenario would insulate the economy (to
some extent) from negative consequences
15. While (energy-related) investment costs increase overall in NMP, these are offset by lower fuel
costs, leaving overall systems costs constant in BAU and NMP by 2030.
3
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Introduction

The Department of Communications, Climate Action and Environment (DCCAE) has commissioned the
SFI MaREI Centre at University College Cork (UCC) and the Economic and Social Research Institute
(ESRI) to provide technical and economic advice and guidance on the development of National
Mitigation Plan for Ireland, as required under the Climate Action and Low Carbon Development Act
(2015).
This report analyses the implications of Ireland’s medium and long term ambitions for low carbon
action. Ireland’s long term (2050) national ambition 1 2 is to achieve i) a reduction (relative to 1990
levels) of at least 80% in carbon dioxide emissions (CO2) and ii) to achieve carbon neutrality in
agriculture. In the medium term, the EU has proposed a target for Ireland to achieve a 30% reduction
in greenhouse gas (GHG) emissions in the non-ETS sectors (i.e. the sectors outside of the Emissions
Trading Scheme) by the year 2030 relative to 2005 3.
The core focus of this analysis is on the key energy sectors of the economy affected by the EU 2030
target, i.e. transport, residential and services sectors. The analysis also covers, albeit in less detail, the
sectors involved in the ETS (i.e. electricity generation and industry). We do not analyse emissions in
the other non-ETS sectors (i.e. agriculture and waste) and merely assume these emissions are in line
with EPA projections. The primary focus is on the energy system.
The analysis uses scenarios generated with the Irish TIMES energy systems model 4 5. The Irish TIMES
model provides a range of energy system configurations for Ireland for the period to 2050 that deliver
projected energy service demand requirements, optimised to least cost and subject to a range of
policy constraints. It provides a means of testing energy policy choices and scenarios, and assessing
the implications for the Irish economy, Ireland’s energy mix and greenhouse gas emissions. It was used
to inform Ireland’s negotiations with the EU regarding the 2030 target for Ireland, 6 the development
of the Climate Action legislation 7 and White Paper on Energy 8.
Integrated energy systems models approach energy as a system rather than as a set of discrete
elements. This has the advantage of providing insights into the most important substitution options
that are linked to the system as a whole that cannot be understood when analysing a single
technology, commodity, or sector. A focus on the electricity sector, for example, risks excluding
possible unforeseen step changes in electricity demand, due to say, the electrification of transport or
of heating. Current energy systems are the result of complex country dependent, multi-sector
developments. By considering energy supply and demand across all sectors simultaneously, systems
analysis applies systems principles to aid decision-makers in problems of identifying, quantifying, and
controlling a system.
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Long Term Perspective - 2050

The National Policy Position on Climate Action and Low Carbon Development sets an ambition of
achieving at least an 80% reduction in CO 2 emissions relative to 1990 levels. In addition, the EU has
proposed a 2030 emissions reduction target for Ireland. The period to 2030 is critical on the journey
to achieving this long-term objective: different levels of ambition in the medium term have
implications for the long-term pathway; and conversely, the long-term ambition affects the choice
between medium-term options. It is important to consider these interactions to develop a coherent
decarbonisation strategy.
The analysis provided herein, which we describe as the National Mitigation Plan (NMP) scenario, 9
attempts to bring together the medium and longer-term national ambition. We compare this with a
counterfactual Business as Usual (BAU) case to explore the scale of the challenge.
The NMP scenario is therefore based on the following assumptions:
• Overall CO2 emissions are 80% below 1990 levels by 2050
• For ETS emissions, we assume a carbon price rising to €40/t by 2030, and that emissions
decline 2.2% per annum thereafter to 2050
• We also assume Ireland meets its non-ETS target for 2030 proposed by the EU (in a manner
described in detail in Section 3 below).
It should be noted that these assumptions reflect the difficulty of determining how a national target
can be achieved within the context of an EU-wide ETS. National Governments have little final influence
on whether ETS emissions reductions occur on their territory; ultimately this depends on decisions
taken by the installations covered, and the ETS carbon price. EU member states have taken different
approaches to calculating compliance with national targets within this context.
In the NMP scenario overall emissions fall to 6.3 to Mt CO2 by 2050. Non-ETS emissions achieve an
overall reduction of 76% by 2050 relative to 1990 levels (to 3.8 Mt CO2), while ETS emissions fall 85%
relative to 1990 levels (to 2.6 MtCO2). By comparison, in the BAU scenario, CO2 emissions increase
from 33 Mt CO2 in 1990 to over 49 Mt CO2 in 2030, before falling to 47.3 Mt CO2 by 2050. CO2 emissions
in BAU are therefore 43% higher by 2050 compared to 1990 (Figure 1).
It is notable that achieving further emissions reduction before 2020 would ease the challenge post2020, to avoid the sudden switch from increasing to decreasing emissions. Also notable is the slope of
the decarbonisation trend between 2020-2030 in the NMP scenario, which appears coherent with
meeting the 80% reduction required by the National Policy Position. However, this depends on ETS
emissions reductions which Ireland has less control over. While supports for renewable electricity
would increase ETS decarbonisation, if implemented in many Member States these will further
dampen the ETS price.
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Figure 1. ETS and non-ETS energy emissions in the NMP scenario compared to BAU
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In Table 1 decarbonisation trends in key energy sectors over the period to 2050 in NMP are compared
to BAU. The relatively stable emissions trajectory in BAU disguises a significant increase in emissions
from the transport sector and a smaller increase in emissions from the industry and processing sector,
whereas all sectors show marginal declines in emissions over the period to 2050. By comparison, in
NMP, all energy sector (apart from energy use in agriculture) show declines in emissions of between
72% and 89%.
Table 1. Sectoral emissions in 2050 compared to 1990 (%)

Buildings
- Residential
- Services
Industry
Transport
Electrical generation

BaU
-7%
-8%
-4%
11%
286%
-12%

NMP
-78%
-79%
-72%
-89%
-81%
-84%

Total

43%

-80%
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Medium Term Perspective - 2030

Within the medium-term, we shift the primary focus from overall CO2 emissions to a focus on non-ETS
sectors. In terms of the energy system, this means a focus on energy use in transport and buildings,
(and excluding the ETS sectors - electricity and large industry). It also requires assumptions on the
contribution of agriculture because the focus of this analysis is on energy.
To explore the evolution of the non-ETS energy sector emissions using the Irish TIMES model, we
therefore make several assumptions as follows:
• Ireland meets the 30% reduction to emissions (compared to 2005) proposed by the European
Commission in the 2016 Effort Sharing Proposal (ESP) for the its non-ETS sector10
• We assume the EPA With Measures projections for non-CO2 non-ETS emissions (non-energy
agricultural emissions and emissions from waste) in the 2021-2030 period. This effectively
means that over half of the total carbon budget available in the 2021-2030 period is prime
facia allocated to non-energy related emissions
• The remaining carbon budget is allocated between the main non-ETS energy sectors:
transport, services and residential sectors (also included is energy use in agriculture and small
industries not participating in the ETS)
• We assume that Ireland fully adopts the available flexibilities relating to cancelling ETS
allowances and LULUCF measures (45.8 Mt CO2-eq) 11 under the proposed ESP
• We assume the EPA With Measures scenario for all non-ETS emissions in the period to 20182020
• A carbon price of €40/t is applied to ETS emissions between 2020 and 2030
3.1.
NMP scenario overview
Given these assumptions, in the period to 2030 the challenge of meeting the proposed non-ETS
constraint is imposed on the non-ETS energy sectors. Hence the weight of decarbonisation falls on the
transport, residential and services sectors. Non-ETS energy emissions fall from 23 Mt CO2 in 2020 to
17 Mt CO2 in 2030. These trends should also be compared to BAU, under which emissions from nonETS energy sectors grow to 28Mt CO2 over the same period.
In Figure 3, the evolution of these three broad categories of emissions, ETS, non-ETS energy and nonETS non-energy, between 2015 and 2030 is illustrated for NMP.
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Figure 2. Emissions by category in NMP scenario (2015 – 2030)
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As can be seen the primary focus of decarbonisation is the non-ETS energy sector between 2020 and
2030. Within this category the weight of decarbonisation falls primarally on the buildings sectors,
which deliver a 56% reduction in emissions by 2030 compared to 2005. While the relative contribution
of transport is smaller (-13%), under BAU (underpinned by strong economic growth) emissions from
transport are projected to increase to 16.8 Mt by 2030, whereas under NMP they are 11Mt (-35%).
We also include for completeness the emissions from power generation which are impacted by a rising
ETS price (to €40/t by 2030). These emissions decline 29% in NMP relative to 2005 levels compared to
12% reduction in BAU, but the greater proportion of this decline occurs before 2020, and emissions
from electricity generation flat line in NMP between 2020-2030. Non-ETS and ETS industry emissions
also fall in both the BAU and NMP scenarios, albeit with a faster rate in BAU (Table 2). However,
between 2020 and 2030 emissions from industry fall only marginally (.4Mt) in NMP.
Table 2. Sectoral energy emissions in 2030 compared to 2005 (%)

Non-ETS C02

ETS
Total

Buildings:
- Residential
- Services
Transport
Industry non-ETS

BAU
-4%
-1%
-12%
32%
-22%

NMP
-56%
-55%
-57%
-13%
-33%

Agriculture (CO2 only)
Industry
Electrical generation
Total

-11%
-4%
-12%
2%

-11%
-9%
-29%
-27%
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The growing importance of transport and building sectors to energy-sector mitigation between 2020
and 2030 is illustrated in Figure 3 below.
Figure 3. Overall and Sectoral CO2 emissions 2005 to 2030 in NMP scenario
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In the following sections, we examine the factors underpinning these high-level trends, focusing
primarily on the non-ETS energy sectors.
3.2.
Transport
A significant reduction in emissions from the transport sector arises in the NMP scenario. Emissions
fall to slightly over 11 Mt CO2 by 2030, compared to 13.7 Mt CO2 in 2020. Under BAU, however, which
is underpinned by strong economic growth and demographic trends, transport emissions would
increase to nearly 17Mt CO2 over this period.
In the NMP scenario, there is a significant reduction in petrol and diesel use by 2030. This is due to an
increased use of biofuels, vehicle efficiency gains, and electrification of the private transport fleet
(including widespread deployment of both plug-in hybrids and fully electric vehicles). This
electrification requires 3,143 GWh of electricity per annum in 2030 (as shown in Figure 4), the
equivalent of over 1 million electric vehicles on the road, or slightly under 50% of the current private
car fleet.12 We also see a significant growth in biofuels, reaching 11% RES-T by 2030 (compared with
approx. 3% currently, without weightings).
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Figure 4. Energy Use in Transport
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The greater penetration of fully electric vehicles into the private transport fleet by 2030 in NMP can
be understood within the context of the 2050 time horizon, when the private transport fleet will be
almost completely electrified. In the freight and public transport sectors, by comparison, considerable
decarbonisation is achieved though the adoption of a wider variety of low-carbon technologies/fuels,
including liquid biofuels, biogas and hydrogen biogas.
Figure 5. Energy use in private transport, public transport and freight by 2050 in NMP and BAU

40000

GWh

35000
30000

Hydrogen

25000

Electricity

20000

Ethanol

15000

Bio DME

10000

Biogas

5000

Biodiesel

0
BaU

NMP

Private Transport

BaU
.

NMP

Public Transport

BaU
.

NMP

Freight

Diesel

Gasoline

2050

10

3.3.
Buildings
In the NMP scenario, emissions from buildings fall from 7.5 Mt CO2 in 2020 to 4.4 MtCO2 in 2030. This
reduction is spread evenly between the residential and services sectors with emissions from both
sectors decreasing in the region of 40% over the 2020-2030 period.
The reduction in emissions from buildings is driven by a significant increase in energy efficiency, much
greater use of renewables, and electrification of heat compared to BAU. These trends come at the
expense of oil use for heating, which falls 85% by 2030 compared to BAU. In both NMP and BAU
scenarios, coal and peat are phased out in the heat sector by 2030.
Demand for heat and electricity in residential buildings is 9,263GWh lower in NMP compared to BAU
(36,992 GWh) by 2030. For illustrative purposes, the total energy demand (including electricity) for an
average Irish residence is 20,000KWh, 13 meaning that the energy savings are equivalent to the total
annual energy use of 463,000 homes. Another way of looking at this is a 28% reduction in energy use
(including electricity) in all households in the state by 2030. 14
Another notable trend in the residential buildings sector in the period to 2030 is the increased use of
electric thermal power for space and water heating by 2030 (from 1,946 GWh in BAU to 5,691 GWh,
Figure 6). 76% of total electric thermal heating is provided by electric heat pumps, which would require
approximately 28,500 residential heat pumps.15 The remaining share of electric thermal heating is
provided by electric radiators. A further notable trend is an increase in renewable heat for water and
space heating (from zero in BAU to 2,741GWh in NMP by 2030, Figure 6). This is accounted for by an
increase in biogas (for houses close to the gas network) and wood pellet boilers replacing oil boilers.
These developments result in a very significant decline in the use of oil for heating by 2030 in the NMP
scenario.
Figure 6. Energy use in residential sector
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In the services sector, in the NMP scenario, the trend towards much greater levels of energy efficiency
is also evident in the period to 2030, as illustrated by the considerable drop in total energy use in NMP
compared to BAU (Figure 7). As with the residential sector, by 2030 there is reduced demand for
electricity (in NMP compared to BAU), reflecting the adoption of more efficient lighting and office
equipment. However, demand for oil in space heating also declines significantly and gas uses also falls.
Electrification of heat is also a prominent trend in NMP compared to BAU, but, somewhat unusually,
there is a somewhat smaller penetration of renewable heating in the NMP scenario compared to BAU.
Figure 7. Energy use in services sector
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3.4
Electricity Generation
Electricity production is 9% higher in the NMP (34,184 GWh) in 2030 compared to BAU (31,255 GWh)
reflecting the trend towards electrification of heat and transport, by 2030 (Figure 8). By 2030, this
increase in demand is met by greater levels of renewables and imports of electricity, but less gas is
used to generate electricity in NMP compared to BAU in 2030.
The renewable share of electricity generation in this scenario reaches 32%, which is lower than
Ireland’s 2020 target for RES-E. This suggests that the ETS price signal will deliver a limited growth of
RES-E.
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Figure 8. Electricity production by source
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Most of the increased renewable generation comes from wind (9,481GWh), which provides 50% more
electricity by 2030 compared to BAU. The estimated installed capacity required to meet demand in
NMP is 3,410 MW by 2030. This compares to a current installed capacity of 2,851 MW. By 2030, solar
PV also provides 220 MW installed capacity in this NMP scenario and annual electricity generation of
234GWh compared to zero in BAU
Figure 9. Renewable sources for power generation
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3.5
Energy efficiency and renewables
It is notable that three quarters of decarbonisation between 2020 and 2030 is driven by increases in
energy efficiency (Figure 10). As noted above, these efficiency savings are associated with the
adoption of energy efficiency measures in the services are residential sectors, as well as the purchase
of more efficient vehicles. While renewable energies make a relatively modest contribution by 2030
by comparison, they account for a greater share of total decarbonisation in 2040 and 2050.
Figure 10. Decomposition NMP (% of total mitigation)
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Overall, by 2030, renewable sources account for a greater proportion of total energy demand in the
transport, heat and electricity sectors in the NMP Scenario compared to BAU (Table 3). Overall RES
contributes a 16% share of energy use in this scenario, which is Ireland’s mandatory target for 2020.
The results suggest a significant effort is required in RES-H and RES-T to achieve this RES level by 2030.
Table 3. Renewables by sector by 2030 (%)

Res-H
Res-E
Res-T (no CF)
RES (Overall)

BAU
6.5%
23%
2.9%
8%

NMP
14%
31%
11%
16%

14
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Macro-economic implications of decarbonisation

The transition towards a low carbon energy system will have significant impacts on the economy and
an in-depth analysis to quantify these impacts is of great importance. The current modelling
framework does not include a direct feedback between the outputs of the Irish TIMES energy system
model and the economy. For this reason, a current project is underway to develop the Irish Economy,
Energy and Environment model (the I3E model) which will connect energy and economic modelling
for Ireland in a robust way. This will enable sector level and economy-wide economic impacts of
climate and energy policies can be investigated. A short description of this project is given in Appendix
2. Nonetheless, the economic analysis presented here can give important initial insights into the
potential impacts of the National Mitigation Plan (NMP) scenario. It is worth noting that not all impacts
are necessarily negative; there are potential opportunities across a range of areas including renewable
fuels, technology development or low carbon service. Furthermore, many economic impacts will be
temporary (such as investments) as the economy transitions to low carbon.
Understanding the economic impacts of a movement to a low carbon economy involves several
elements. The prices of energy will rise as carbon prices will be included (in the form of e.g. carbon
taxes or ETS prices) or additional investments will be needed in low carbon energy. This will increase
the costs of production in many sectors of the economy. In the first section of this chapter, we
investigate how energy prices may be affected by increased carbon mitigation associated with
meeting the NMP goals. In the second section, we intend to decipher which economic sectors will be
most affected by rising energy prices and what the associated economy wide effects may be expected
from this. The magnitude of economy wide impacts that are expected to materialise from sector level
impacts will depends on each sectors’ relative contribution to total economic production. We examine
how international competitiveness of Irish exports may be affected in the third section, which will
depend on Irelands trading partners and how energy intensive exports are. The fourth section
examines the energy system costs and the needed investments to adhere to the NMP goals and the
resulting reduction in fuel costs.
4.1.
Carbon prices
In the Irish TIMES model there is a marginal carbon abatement cost that is an output of the model
associated with achieving a level of emissions reductions. Under the NMP scenario (representing the
NMP goals) the marginal abatement cost of carbon (priced in € 2014 / tCO2) increases to more than
€560/t by 2050, as shown in Table 1. An increase in carbon prices potentially rising to €560 in 2050 is
severe compared to a current ETS price of less than €5/tonne or the current Irish carbon tax of
€20/tonne. Compared to a current carbon price of €5/tonne, this is equivalent to an annual average
growth rate of 15.4% per annum and compared to a carbon tax of €20/tonne this is equivalent to
annual average growth rate of 10.6% per annum.
Table 4. Marginal abatement costs, NMP scenario (2014 prices)

All emissions, €/tonne

2020

2025

2030

2035

2040

2045

2050

32

174

99

204

278

302

560
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It is useful to set such a growth in carbon prices in context as producer and consumers will not be
facing this price directly, but through its impact on energy prices. This is done by illustrating the impact
of rising cost of carbon on the price of oil. The CO2 ultimately emitted from a barrel of oil will vary by
type of crude oil and depend on the types of refined products. For these calculations, we assume that
the combined liquid fuels from an average barrel of crude oil will produce a minimum of 317kg of CO2
when consumed16. Table 2 shows the projected real oil price and the associated CO 2 costs implied
under the NMP scenario. In 2017 carbon costs represent approximately 10% of the total price of oil
and almost 11% in 2020. With rising carbon prices, as implied under scenario NMP, carbon costs would
represent a bigger share of total oil costs over time even with the real price of oil increasing. In 2030
carbon costs are projected to be almost 17% of the total cost of oil, rising to almost 30% in 2040 and
almost half the cost of oil by 2050. Under scenario NMP the price of oil, including carbon costs, will be
52% higher in 2020 than today, this increase is mostly driven by the increasing real oil price from its
current relatively low level (55$/barrel compared to the 76$/barrel average over the last decade). The
price of oil including carbon cost will continue to rise to over double today’s price by 2030, 3.9 times
today’s price by 2040 and 5.3 times by 2050. It is through higher real oil prices (incl. carbon costs) that
the primary impact of low carbon policies will impact economic activity. Over the entire period to 2050
the projected annual average growth in oil prices (incl. carbon) is equivalent to 5.2% whereas the
average growth in real oil price excluding carbon is 3.1%.
Table 5. Impact of carbon prices on oil prices NMP scenario

2017

2020

2030

2040

2050

Real Oil Price17

€/barrel

55

83

130

150

150

CO2 Price NMP

€/tonne

20

32

99

278

560

CO2 Price

€/barrel

6.3

10.1

31.2

87.7

176.7

Oil Price (incl. CO2)

€/barrel

61.3

93.1

161.2

237.7

326.7

Oil Cost Index

2017=100

100.0

151.9

263.0

387.8

532.9

10.3%

10.29
%

10.84%

19.37
%

36.89%

Carbon as a share of oil price (incl. carbon)

Average annual oil price growth (incl. CO 2), 20172050

5.2%

Source: TIMES model

It is important to keep in mind that increases in energy prices are not a novel issue, as prices have
significantly increased in the past for non-climate related reasons. For example, the real energy prices
for industry in Ireland grew at an annual average of 3.5% in the period of 2010 to 2014 18, despite the
decrease in oil prices over this period. Furthermore, as oil prices increase, less oil will be consumed as
energy from other sources with a lower cost will be used and processes become more energy efficient.
This is not to say that the potential increases in carbon prices are either substantial or additional. They
are of sufficient magnitude to dampen economic activity but given the timeframe in question and
given potential innovation by businesses and households, the scale of change in carbon prices need
not be catastrophic for the economy. If energy practices remain ‘business-as-usual’, without
innovation and technological change but carbon prices increase to the levels envisaged under NMP,
this will have a significant economic and social impact.
16

In the context of a global low carbon economy with declining fossil fuel demand it is feasible that the
price of oil will decline contrary to the assumptions on oil prices used in the NMP scenario. The IEA
projects oil prices to increase to 95$/barrel by 2040 assuming a high climate action scenarios (450ppm
limit19), which is significantly lower than the 150$/barrel assumed here. However, with a rising carbon
prices, and with carbon representing a greater share of the total cost of a barrel of oil, fossil fuel prices
including carbon costs are still likely to be significantly higher than current prices.
If the carbon tax is levied at rates similar to that implicit in the NMP scenario, it will generate significant
increases in exchequer revenue. However, as outlined earlier in this report, fossil fuel consumption is
anticipated to dramatically decline in response to higher carbon prices so any initial increase in carbon
tax revenue will be followed by a dramatic decline in such revenue. In the short term the additional
revenue could be used to invest in the transition to renewable energy and provide supports to help
households and business adapt to the new energy environment. How these additional government
funds are spent will have an important impact on the costs of a transition to a low carbon economy.
The profile of carbon prices from the Irish TIMES modelling is not a uniformly increasing carbon price
but one in which the price rapidly grows in the 2020-2025 period to meet the EU30 targets. After
which it decreases in 2030 and increases rapidly again to meet the 2050 targets. This is shown in the
Figure 1 below. While the rise in the implicit cost of carbon will be a significant issue for cost
competitiveness, two related issues are potentially more significant: the pace of increase in carbon
prices and the long-term expectations for real carbon prices. Dramatic price increases, especially if not
anticipated, are more damaging as energy users cannot quickly adapt to minimise costs. Businesses
can develop plans to accommodate predictable price increases, whereas volatile price fluctuations
introduce additional costs and uncertainty. Compared to the current 20$/tonne carbon tax, real price
impacts will only be felt after 2020. For existing sunk investments (whether boilers or power plants)
the rising cost of carbon is not projected to be immediately prohibitive, which means that the natural
lifecycle of some existing energy using equipment will cease prior to the projected dramatic carbon
price increases post 2020. In other words, current sunk investments with a lifetime of 5 years or less
will not need to be replaced. However, some sunk investments (with a lifetime exceeding 5 years) will
still be in use after 5 years creating potentially larger impacts for the economy if these need to be
replaced before the end of their natural lifecycle. In such circumstances the move to a low carbon
economy could potentially force the retirement of some existing fully functioning equipment due to
high carbon prices, introducing premature additional costs on businesses or households.
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Figure 11. Carbon price under NMP compared to current carbon price
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Carbon price expectations form part of the longer-term expectation on energy prices, which in turn
can influence investment decisions. Without a credible expectation of dramatically increasing carbon
prices, investment decisions will not be mindful to move towards low carbon alternatives. Even though
the implicit price of carbon rises to €174 by 2025 under the NMP scenario, there is a risk that
investments in long life equipment (e.g. 15-20+ years) in 2020 might be based on carbon prices closer
to €32/tonne than significantly higher prices post 2020. The same issue arises in 2045 where carbon
prices are €302/tonne, but rapidly rise to €560/tonne in 2035, i.e. more than double in 5 years. Into
the future if expectations of carbon prices do not resemble the projected scenario price profiles the
necessary investments in low carbon technologies will not occur. Particularly given that carbon prices
increase and then decrease, there needs to be a clear signal to decision makers, be it businesses or
households that carbon prices will increase in the longer term. Having a carbon price profile that
increases and then decreases will not help decision makers form realistic expectations. In this respect,
a uniformly increasing carbon price (or tax) sends a clearer message. This said, the costs of renewables
is decreasing making the incentives to switch to renewables greater, where switching may occur at a
lower carbon price.
4.2.
Sectoral impacts
While rising fuel prices will impact all sectors of the economy, some sectors will have to contend with
much larger impacts than others. Understanding how different sectors will be impacted by of a low
carbon regime is of great importance. The distribution of impacts among sectors is relevant from a
policy perspective, where policies could potential support the highly-impacted sectors in their
transition to low carbon output. As mentioned before, the modelling framework applied here does
not allow for a comprehensive assessment of economic impacts in different sectors. The current I3E
model project would allow for such an analysis in the future. Here, we apply an input-output table to
give a preliminary understanding of potential economic impacts across sectors of a low carbon regime.
The most recent input-output tables for Ireland are for 2011 (CSO (20014)) and while the structure of
the economy changes over time, the general results from the tables should still be relevant for today’s
economy. The Leontief inverse of the input-output table can help evaluate to some extent the impact
of a shock to energy prices on different sectors of the economy. The Leontief inverse represents how
much input from a certain sector in needed to produce an extra unit (in this case Euro) of output in
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another sector. It should be noted that input-output analysis assumes that the structure and
behaviours in the economy are static over time and do not respond to new price incentives, i.e. there
is no substitution between factors in production and goods and services in consumption. What this
means is that it is assumed that to produce a certain amount of goods or services, a certain amount
of inputs, energy, capital and labour is required you cannot substitute e.g. more capital for less energy.
In the real world in most cases substitution is possible and inputs will vary depending on their relative
prices. For this reason, as well as the implied assumption of constant returns to scale, input-output
analysis is likely to overestimate the effect of an energy price shock.
The 2011 input-output tables separately identify the electricity and gas sector (NACE rev1, sector 40),
which incorporates the generation, transmission, distribution of electricity and gas. Rising energy costs
will affect all sectors that use electricity and gas, the magnitude of this effect can be illustrated with
the input-output Leontief coefficients, which show the extent to which the value of output from each
sector is dependent on other sectors. A unit change in demand for each sector’s products (e.g.
agriculture sector output) requires a specific amount of electricity and gas sector output. For example,
for each €1 of final demand of wood output (NACE 16, Wood and wood products) requires €0.061 of
output from the electricity and gas sector. The mining and quarrying sector (NACE 05-09) has the
largest such coefficient (at 0.080) across the economy and therefore a rise in energy costs (in
electricity and gas) would have the largest proportionate effect on mining and quarrying services 20.
The lowest coefficient is 0.00 in the activities of households as employers of domestic personnel sector
(NACE 97) and the average across all sectors is 0.017. Table 3 reports the ten sectors where outputs
are most reliant, proportionately in value terms, on the output of the electricity and gas sector, i.e.
with the highest coefficients.
In Ireland, the sectors where energy costs comprise a higher share of the value of total output (besides
mining and quarrying) include the production of wood and wood products (except furniture) (NACE
16), Sewage, waste management and remediation activities (NACE 37-39), Wood and wood products
(except furniture) (NACE 16), Repair of computers and personal household goods (NACE 95) and Other
non-metallic mineral products (NACE 23) (see Table 3). For most the 58 sectors in the Irish inputoutput tables the value of electricity and gas used as input relative to the value of output in each
sector is relatively low. To understand how the economy will be affected we need to extend our
analysis to look at how much each sector contributes to the economy. Even if a sector is expected to
be impacted severely by increased energy prices (i.e. with a high Leontief coefficient for energy), this
may not affect the overall economy if that sector is relatively small in economic and employment
terms. The fourth column of Table 3 shows the percentage of total value added in the economy that
is contributed by each sector. The five sectors expected to be affected most by rising energy prices
(i.e. with the highest Leontief coefficients) together only comprise 1.2% of total value added in the
economy. The ten most affected sectors contribute 9.6% to total value added whereas the ten least
affected sectors comprise 32.9%. We can tentatively conclude that the amount of economic
production directly affected by increased energy prices is limited, where the sectors representing the
bulk of total value added are less dependent on energy prices. The sectors in the top ten that represent
a relatively higher percentage of total value added are Education (NACE85) with 5.79% and
Agriculture, forestry and fishing (NACE 01-03).
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Table 6. The Leontief coefficienct for the gas and electricity sector for the 20 highest impacted sectors (2011)

Sector

NACE
rev1

Leontief
inverse

% of total
value added

Mining and quarrying

05-09

0.080

0.31

16

0.061

0.11

37-39

0.059

0.49

Repair of computers and personal household goods

95

0.056

0.04

Other non-metallic mineral products

23

0.053

0.25

Basic metals

24

0.044

0.08

01-03

0.037

1.39

Warehousing and support activities for transport

52

0.037

0.89

Education

85

0.032

5.79

22

0.031

0.25

Wood and wood products (except furniture)
Sewage, waste management and remediation activities

Agriculture, forestry and fishing

Rubber and plastic products
Source: CSO Input-Output table 2011 (2015)

4.3.
Trade competitiveness
Another important element of the economic impacts of a transition to a low carbon economy is the
impacts on trade. Increasing energy prices may make Irish exports less competitive. On the other hand,
energy imports may decrease, where foreign oil is substituted for local less carbon intensive
alternatives improving the trade balance.
Here we examine the ten economic sectors of the economy that are expected to be most impacted
by energy price increases (as presented in Table 3) and the role they play in exports. Table 4 shows
the top ten impacted sectors with their Leontief energy coefficients. In the fourth column the
percentage of exports in total production in the relevant sector is given, in the fifth column the
percentage of that sector’s exports in total exports is given. Many of the sectors do not export at all
such as Sewage, waste management and remediation activities (NACE 37-39) and Repair of computers
and personal household goods (NACE 95) among others. Other sectors export a high percentage of
their total production such as Wood and wood products (except furniture) (NACE 16) with 31%. As
for each sector's share in total exports, these are all relatively low. All ten sectors together account
for just 2.2% of total exports.
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Table 7. Exports as a percentage of total production and the share of sectoral exports in total exports for 20 highest
impacted sectors (2011)

Sector

NACE
rev1

Leontief
multiplier

% exports in
sector

% of total
exports

Mining and quarrying

05-09

0.080

9.70%

0.30%

16

0.061

31.15%

0.21%

Sewage, waste management and remediation
activities

37-39

0.059

0.00%

0.00%

Repair of computers and personal household
goods

95

0.056

0.00%

0.00%

Other non-metallic mineral products

23

0.053

13.97%

0.18%

Basic metals

24

0.044

24.53%

0.36%

01-03

0.037

12.38%

0.68%

52

0.037

0.00%

0.00%

Education

85

0.032

0.00%

0.00%

Rubber and plastic products

22

0.031

27.42%

0.51%

Wood and wood products (except furniture)

Agriculture, forestry and fishing
Warehousing
transport

and support

activities

for

Source: CSO Input-Output table 2011 (2015)

Table 5 further examines potential impacts on exports by looking at the five largest sectors in terms
of exports and their Leontief inverse coefficients. These five sectors represent approximately 57% of
Irish exports. Food products, beverages and tobacco (NACE 10-12) sector relies moderately on energy
inputs with a Leontief coefficient of 0.022. The other four sectors have a relatively low energy input
with Leontief coefficients below the average of 0.017.
Table 8. The Leontief inverse coefficient for the gas and electricity sector and the share of the sector in toal exports for
the 5 highest exports sectors (2011)

Sector

NACE
Rev 1

Leontief

% total
exports

21

0.001

16.9%

Computer programming, consultancy and Information
service activities

62-63

0.004

12.5%

Food products, beverages and tobacco

10-12

0.022

11.5%

Chemicals and chemical products

20

0.006

8.6%

Wholesale trade

46

0.013

7.5%

total

56.9%

Basic pharmaceutical products and preparations

Source: CSO Input-Output table 2011 (2015)

Another important aspect to consider is who Irelands main trade partners are. Other countries may
also be transitioning to low carbon economies decreasing the difference in energy prices faced by
producers in Ireland versus their foreign competitors. Assuming a similar carbon price in EU member
states, for example through a mechanism such as the EU-ETS allowance prices, Irish exports should
not lose competitiveness versus producers from other EU member states. Ireland will suffer a loss in
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competitiveness if carbon is not priced at similar levels elsewhere. As the majority of Irish trade is with
EU countries, with 60% of exports to EU member states in 2012 (see Table 6 below), it will be
important that the price of carbon within Ireland is similar to carbon prices within Europe. One future
uncertainty is the carbon policies of Great Britain after Brexit. The UK currently imposes a carbon tax
of 18£, which is fixed until 2021, with no clear indications of carbon tax levels after that. As exports to
Great Britain and Northern Ireland comprise 13.9%21 of Irish exports a lower future carbon price in the
UK could have a significant impact on
Irish exports. Where competitors are from outside the EU, the price competitiveness of Irish exports
will be eroded both in EU and non-EU markets. This will not be a problem unique to Ireland but will
apply across EU member states. If Europe’s major trading bloc partners do not follow similar measures
to raise the cost of carbon the issue of cost competitiveness will become a panEuropean issue to be
resolved.
Table 9. Ireland's main trading partners (2015)

Exports
(€ million)

% of total

Imports
(€ million)

% of total

Great Britain and
Northern Ireland

15 485

13.9

17 830

26.6

Other EU
countries

43 736

39.4

22 662

33.8

USA

26 233

23.6

9 806

14.6

Rest of the World

25 583

23.0

24 170

25.0

111 038

100.0

67 023

100.0

Total
Source: CSO (2016)

4.4.
Energy system costs
Reaching the NMP emission goals will imply important changes to the energy system and to
predominantly the composition (as opposed to the level) of energy system costs. Energy system costs
compose of investments, fuel costs and other cost (i.e. operation and maintenance costs).
Regardless of whether a low carbon or business-as-usual scenario applies significant levels of
investment22 will be required in the coming decades in both energy generation and energy using
infrastructure. This includes investment in power generation plants, transport vehicles, heating boilers
and equipment. The cost of a low carbon policy is not the absolute investment cost necessary to
achieve the policy targets but the additional costs compared to the BaU scenario, which is illustrated
in the figure below. The BaU and NMP scenarios have similar investment profiles, both characterised
by increasing investment on a per annum basis over time, as shown in Figure 2. Beginning in the 2020s
additional investment is required in NMP compared to the BaU if the NMP emissions ambition is to
be achieved at lowest cost. The level of additional investment gradually increases reaching
approximately €3.9 billion per annum in the 2050s. In percentage of total energy investments, the
NMP scenario corresponds to a 15% increase in energy investments over the BaU level in 2030, 31%
in 2040 and 26% in 2050.
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Figure 12. Total energy investments under BAU and NMP
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The Irish TIMES model provides some indication of where the burden of this additional investment
will fall across the major sectors of the economy but doesn’t distinguish between public and private
sector. This breakdown is presented in Table 10. In the service sector investments are lower in the
NMP scenario compared to the BaU, where BaU investments are 43% higher than NMP in 2050. In the
electricity generation sector additional investments needed are not substantially different in 2020,
but increase over time reaching an increase of 30% in NMP compared to BaU in 2040. The same can
be seen in the residential sector to a lesser extent, where additional investments needed in 2050
comprise 19% of BaU investments. In the industry sector investments are 18% lower in the NMP
compared to BaU in 2020 but increase to an additional 20% investments needed in 2050 compared to
BaU.
The transport sector represents the bulk of the energy investment costs, where additional
investments needs in NMP compared to BaU are negligible in 2020 but rise to 34% of BaU investments
in 2040. The additional investment costs in transport reflect, in part, higher vehicle costs for biofuel
and electric vehicles compared with conventional fossil fuel vehicles. Under NMP scenario by 2050
the majority of the transport fleet will use biofuels with much smaller shares using fossil fuels or
electric vehicles (though electric vehicles constitute the bulk of private transport). Both under the BaU
and NMP scenarios the assumed transport service demand (i.e. passenger or goods kilometres) is
projected to increase. The scenarios and associated costs are based on the best current available
information. Over time the relative cost differential between conventional fossil fuel based transport
versus low carbon alternatives may narrow more than currently envisaged and the accordingly the
additional transport investment costs may be less than projected. In addition, any transport policy
interventions that achieve significant increases in public transport in the future (i.e. reduce reliance
on private cars) are not assumed in the transport service demand projections. If in the future there is
a reduction in the reliance on private cars, in commuting for instance, transport investment
requirements would potentially be lower. We can put these number in perspective by looking at the
total level of investment in an economy. Over the last twenty years total investment in rich EU
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economies accounted for around 20% of GDP each. Total investments in Ireland comprised 32.7% of
GDP or almost €84 billion in 2015.
Table 10. Sector level energy investments under BAU and NMP (€/2014 prices)

Sector
Services
Electricity
generation
Industry
Residential
Transport

Scenario

2020

2030

2040

2050

BAU

0.27

0.39

0.42

0.44

NMP

0.20

0.29

0.30

0.31

BAU

0.83

0.88

1.14

1.69

NMP

0.85

1.15

1.93

2.20

BAU

0.20

0.33

0.37

0.54

NMP

0.16

0.36

0.61

0.64

BAU

1.26

1.33

1.38

1.40

NMP

1.30

1.58

1.69

1.66

BAU

6.80

7.55

8.14

8.76

NMP

6.84

8.61

10.61

11.70

Source: TIMES model

While energy investment costs increase under the NMP scenario, fuel costs decline. In essence the
investment in low carbon alternatives means that the variable cost of energy declines. In practice the
lower annual fuel costs offset the increase in investment costs. Figure 3 compares fuel costs, other
costs (operation and maintenance) and investment costs under the two scenarios for 2030 and Figure
4 for 2050.23 Total annual costs in 2030 are broadly similar under the BaU and NMP scenarios (NMP
scenario is slightly lower). A significant outcome of the low carbon scenario is the potential for the
increase in annual investment in low-carbon technologies to be partially offset by lower fuel bills. In
2050, the difference between fuel costs in the different scenarios is larger (where NMP has lower
costs), as is the difference in other costs and investments (where NMP has higher costs). The resulting
total costs are slightly higher in NMP in 2050. Whether in the BAU or NMP scenarios fuel bills are
expected to increase reflecting growth in the economy and the population. Across all the sectors fuel
costs are lower under the NMP than the BAU scenario.
The reduction in fuel costs under the NMP scenario will lead to an improvement in the balance of
trade, given the high import content of fuels. Furthermore, the import dependency of energy will
decrease from 89% in the BaU in 2050 to 73% in the NMP scenario, as foreign oil, gas and coal are
substituted for local carbon low energy sources. A number of factors drive the reduction in fuel import
bill compared to the BAU scenario. There is an increase in 'free' renewables, such as wind, that displace
fossil fuels; renewables such as biogas will be produced domestically and while more expensive than
natural gas are not imported; and technological efficiency improvements also replace some of the fuel
requirement under the BAU. Import fuel costs increase post 2040 because domestic supplies of
biofuels and biomass need to be supplemented with imports.
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Figure 13. Fuel, investment and other costs BAU/NMP in 2030
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Figure 14. Fuel, investment and other costs BAU/NMP in 2050
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4.5.
Summary
It is not possible to project with certainty what the economic impact of low carbon on the economy
will be. The change in the energy system will present both opportunities and challenges and it is
impossible at this early stage and given our current modelling framework to decipher how these may
materialise. The move to low carbon will require additional investment but fuel bills will also decline,
as will reliance on fuel imports. Rising carbon prices will affect economic activity but in the longer term
as fossil fuels represent a declining share of total energy the impact of rising fossil fuel prices on the
economy will decline. If the wider global economy adapts a low carbon roadmap, demand for fossil
fuels will decline significantly. Fossil fuel prices may decline too but the real price of fossil fuels,
including the cost of carbon, should not fall if carbon is priced sufficiently high. An explicit and
sufficiently high price for carbon will mean that developments in world fossil energy markets will not
impede a low carbon future. It is also difficult to decipher without further research the potential sector
level economic impacts. Compared to other European economies Ireland does not have much energy
intensive industry and consequently the impact of rising carbon prices may be more muted than
elsewhere. Nonetheless, energy represents a significant cost to business and some sectors are more
vulnerable to rising energy prices than others. Sudden dramatic changes will cause economic hardship
but in the context of a 2050 target, there are more than three decades in which sectors can plan for
and invest in the transition to low carbon
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Appendix 1 Irish TIMES Energy Systems Model
The MaREI Centre at UCC’s Environmental Research Institute has developed the Irish TIMES energy
systems model in the period 2009 – 2017 (funded under EPA Climate Change Research Programme)
and used it to build a range of medium (to 2020 and 2030) and long term (to 2050) energy and
emissions policy scenarios to inform policy decisions.
Irish TIMES is Ireland’s only fully integrated long term energy systems model and the model is unique
in its ability to provide cross sectoral evidenced based analysis for climate and energy policy. The Irish
TIMES model represents the Irish energy system and its possible long term evolution through a
network of processes which transform, transport, distribute and convert energy from its supply sector
(fuel mining, primary and secondary production, exogenous import and export), to its power
generation sector (including also the combined heat and power description), and to its demand
sectors (residential, commercial and public services, agricultural, transport and industry).
The objective function maximises total surplus. This is equivalent to minimizing the total discounted
energy system cost while respecting environmental and technical constraints. Costs incorporated
include investment costs, operation and maintenance costs, plus the costs of imported fuels, minus
the incomes of exported fuels, minus the residual value of technologies at the end of the horizon.
Valuable insights can be derived from comparing models runs with different constraints, such as
meeting EU carbon mitigation targets compared to business as usual. The scenarios can provide
insights into the timing and scale of technology deployment required to meet constraints, as well as
the potential costs, benefits and other implications (e.g. fuel security) of different pathways.
Technologies that emerge for meeting different constraints at least costs can provide a starting point
for considering the policies and measures necessary to promote widespread adoption.
It is built with the TIMES (The Integrated Markal-Efom System) modelling framework. TIMES has been
developed and made available through international collaborative research via the ETSAP 24 (Energy
Technology Systems Analysis Program) Implementing Agreement, a multilateral technology initiative,
initiated in 1976, under the aegis of the International Energy Agency (IEA), with the aim of carrying
out a joint program of energy technology systems analysis. TIMES is written in GAMS (General
Algebraic Modelling Software) code and CPLEX and XPRESS are typically the solvers used. A key
characteristic of this model generator is that the code is transparent and well documented, distributed
free of charge, and maintained, improved and updated through a collaborative research initiative coordinated by ETSAP. A recent book published 25 by Springer provides a comprehensive introduction to
TIMES and how it has been used to inform energy and climate policies around the world.
The key inputs to 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 demand (disaggregation), actual values in the base
year (calibration) and values for all milestone years until 2050 (projection).
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TIMES models are not designed to reflect reality but it may be useful to consider how the results from
these models compare with decisions taken in the real world. TIMES results may, in a crude
simplification, be essentially compared with those arising from decisions of a benevolent system
planner, making decisions on behalf of energy users in order to minimise energy systems costs. This
assumes that decisions we take regarding energy use are driven by long term internalised choices
regarding technology in response to cost changes. These decisions are also taken with (the imperfect
assumption of having) perfect prior information regarding future demands for energy services energy
and with energy suppliers operating in perfect market conditions.
TIMES and its predecessor MARKAL model generators are currently in use in nearly 200 institutions
across 70 countries regional energy systems, providing a technology-rich basis for estimating energy
dynamics over a long-term, multi-period time horizon. They are usually applied to the analysis of the
entire energy sector, but may also be applied to study individual sectors in detail. They have been and
are being used to generate energy systems models for local, national or multi-regional (including
global) applications. They compute a dynamic inter-temporal partial equilibrium on integrated energy
markets with the objective (objective function) of producing least-cost energy systems while
respecting environmental and many technical constraints. The energy system cost includes
investment costs, operation and maintenance costs, plus the costs of imported fuels, minus the
incomes of exported fuels, minus the residual value of technologies at the end of the horizon.
The strong point of the TIMES modelling framework is that it combines a detailed technology rich
database with an economically optimizing solver. It can generate robust energy policy scenarios over
medium to long time horizons and are able to offer strategic insight into long-term policy formation.
This is especially important for the energy sector, which has such large capital investments with long
project lifetimes. The modelling perspective of these tools is that of a benevolent central planner: as
if there was a single decision-maker (mono-objective) taking rational choices surrounding all energyrelated issues on technologies and fuels at the lowest cost to the economy and to society. This clearly
does not reflect reality, where there are many decision makers and not all decisions are rational, but
it does provide very useful guidance into how to achieve policy decisions (e.g. emissions targets) using
a least-cost approach. The complex dynamics (incorporating technologies, fuel prices, infrastructures
and capacity constraints) of the entire energy system can be analysed through this modelling approach
to better inform policy choices.
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Appendix 2 The I3E modelling project
Currently, the ESRI is developing the Ireland Economy, Energy and Environment (I3) model to
create a modelling framework that is able to assess sectoral and economy wide impacts of climate
policies such as the National Mitigation Plan in a robust manner. This project will develop a
Computable General Equilibrium (also referred to as an Applied General equilibrium) economic
model, which describes the different sectors in the economy and their interlinkages in detail. This
model will represents the production in each sector with a production function consisting of
inputs from other sectors, capital inputs, labour inputs and energy inputs. Substitution between
inputs is also modelled, where as prices of inputs rise, there is the possibility to change the input
mix to produce at the least costs. Substitution possibilities will depend on the characteristics of
production in each sector. This economic modelling framework can assess how impacts in one
sector will rely to other sectors and the economy as a whole.
Moreover, the economic CGE model will be linked to the TIMES energy model, where an
equilibrium of energy demand (coming from the CGE model) can energy supply (coming from the
TIMES model) can be found. In this way the important feedbacks between the economy and the
energy system are represented. The I3E model will allow for a robust analysis of climate policies,
where specific policies, such as carbon taxes, subsidies or carbon quotas can be investigated.
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