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ENVIRONMENTAL PROTECTION AGENCY

The Environmental Protection Agency (EPA) is responsible for
protecting and improving the environment as a valuable asset
for the people of Ireland. We are committed to protecting people
and the environment from the harmful effects of radiation and
pollution.

The work of the EPA can be
divided into three main areas:

Regulation: We implement effective regulation and environmental
compliance systems to deliver good environmental outcomes and
target those who don't comply.

Knowledge: We provide high quality, targeted and timely
environmental data, information and assessment to inform
decision making at all levels.

Advocacy: We work with others to advocate for a clean,
productive and well protected environment and for sustainable
environmental behaviour.

Our Responsibilities

Licensing

We regulate the following activities so that they do not endanger

human health or harm the environment:

» waste facilities (e.g. landfills, incinerators, waste transfer
stations);

 large scale industrial activities (e.g. pharmaceutical, cement
manufacturing, power plants);

* intensive agriculture (e.g. pigs, poultry);

« the contained use and controlled release of Genetically
Modified Organisms (GMOs);

» sources of ionising radiation (e.g. x-ray and radiotherapy
equipment, industrial sources);

* large petrol storage facilities;

» waste water discharges;

* dumping at sea activities.

National Environmental Enforcement

» Conducting an annual programme of audits and inspections of
EPA licensed facilities.

» Opverseeing local authorities’ environmental protection
responsibilities.

» Supervising the supply of drinking water by public water
suppliers.

»  Working with local authorities and other agencies to tackle
environmental crime by co-ordinating a national enforcement
network, targeting offenders and overseeing remediation.

» Enforcing Regulations such as Waste Electrical and Electronic
Equipment (WEEE), Restriction of Hazardous Substances
(RoHS) and substances that deplete the ozone layer.

» Prosecuting those who flout environmental law and damage the
environment.

Water Management

» Monitoring and reporting on the quality of rivers, lakes,
transitional and coastal waters of Ireland and groundwaters;
measuring water levels and river flows.

» National coordination and oversight of the Water Framework
Directive.

* Monitoring and reporting on Bathing Water Quality.

Monitoring, Analysing and Reporting on the

Environment

* Monitoring air quality and implementing the EU Clean Air for
Europe (CAFE) Directive.

» Independent reporting to inform decision making by national
and local government (e.g. periodic reporting on the State of
Ireland’s Environment and Indicator Reports).

Regulating Ireland’s Greenhouse Gas Emissions

* Preparing Ireland’s greenhouse gas inventories and projections.

* Implementing the Emissions Trading Directive, for over 100 of
the largest producers of carbon dioxide in Ireland.

Environmental Research and Development

» Funding environmental research to identify pressures, inform
policy and provide solutions in the areas of climate, water and
sustainability.

Strategic Environmental Assessment
» Assessing the impact of proposed plans and programmes on the
Irish environment (e.g. major development plans).

Radiological Protection

* Monitoring radiation levels, assessing exposure of people in
Ireland to ionising radiation.

+ Assisting in developing national plans for emergencies arising
from nuclear accidents.

* Monitoring developments abroad relating to nuclear
installations and radiological safety.

» Providing, or overseeing the provision of, specialist radiation
protection services.

Guidance, Accessible Information and Education

* Providing advice and guidance to industry and the public on
environmental and radiological protection topics.

» Providing timely and easily accessible environmental
information to encourage public participation in environmental
decision-making (e.g. My Local Environment, Radon Maps).

» Advising Government on matters relating to radiological safety
and emergency response.

* Developing a National Hazardous Waste Management Plan to
prevent and manage hazardous waste.

Awareness Raising and Behavioural Change

* Generating greater environmental awareness and influencing
positive behavioural change by supporting businesses,
communities and householders to become more resource
efficient.

* Promoting radon testing in homes and workplaces and
encouraging remediation where necessary.

Management and structure of the EPA

The EPA is managed by a full time Board, consisting of a Director
General and five Directors. The work is carried out across five
Offices:

+ Office of Environmental Sustainability

 Office of Environmental Enforcement

» Office of Evidence and Assessment

» Office of Radiological Protection

» Office of Communications and Corporate Services

The EPA is assisted by an Advisory Committee of twelve members
who meet regularly to discuss issues of concern and provide
advice to the Board.
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Executive Summary

Irish TIMES (The Integrated Markal-Efom System) is
Ireland’s only fully integrated long-term energy sys-
tems model; the model is unique in its ability to provide
cross-sectoral evidence-based analysis for climate and
energy policy. This report details research outputs from
the EPA-funded phase Il of the Irish TIMES Project,
which was a collaborative effort lead by University
College Cork’s Energy Policy and Modelling Group,
involving the Economic and Social Research Institute,
University College Dublin and Teagasc as project
partners.

The research highlights presented in this synthesis
report are shortened versions of published and sub-
mitted papers. The research makes an important
contribution to Ireland’s technical capability in quantify-
ing the challenges of moving to a low-carbon economy.
It also makes valuable contributions to the international
collaborative research effort in TIMES energy systems
modelling (used in over 70 countries to inform policy
decisions) co-ordinated by the International Energy
Agency’s Energy Technology Systems Analysis
Program. In all, six research papers are summarised
in this report.

Renewable electricity will make a strong contribution
to Ireland’s ambitions to reduce its carbon footprint.
Variable generation sources for renewable energy,
e.g. wind, wave and solar energy, require careful con-
sideration in technical long-term energy models such
as the Irish TIMES model. New soft-linking techniques
to improve the technical outputs of the model for the
power system were developed in this phase of the
research. Soft-linking techniques are used to enhance
the output from Irish TIMES (or indeed any other energy
system model) in areas where higher temporal res-
olution is valuable. This is presented in this report as
three papers: (1) the technique is applied to the power
system with high levels of variable renewable energy
generation; (2) the technique is applied at a European
level; and (3) it is applied to a power system with high
levels of electrical heating. It is shown that soft-linking
and the multi-model approach greatly improve the
technical robustness of results from the model. The
results highlight the importance of integrated modelling
of interconnected regions, as cross-border power flows

X

play a significant role in market dynamics, especially
in the presence of geographically dispersed variable
renewable energy generation sources such as wind
and solar energy. This is important from a policymaking
perspective, as poor model-based evidence can lead to
poorly informed policy decisions.

In the heat sector, the primary source of residential
heating in Ireland is oil-fired (kerosene and gasoil)
central systems. Indeed, Ireland’s residential sector
is one of the most oil dependent in Europe based on
consumption per capita. Modelling results show that
electrification of residential heating may increase by
the year 2020 in order that Ireland can meet its non-EU
Emissions Trading Scheme emission reduction target
in a cost-optimal fashion and that greater electrification
of existing oil-fired central heating systems through air
source heat pump (ASHP) technology should warrant
further investigation. Additional analysis is specifically
required to assess the economic and other barriers to
ASHP deployment, such as financing of and payment
for systems.

Economic activity has long been a key driver of energy
demand and, consequently, of energy-related green-
house gas emissions and is, therefore, an important
element in energy and climate mitigation modelling. The
impact of the economic recession on energy consump-
tion could potentially create distortions in the policies
that each European country should apply to achieve the
2020 target and long-term targets on greenhouse gas
emissions. The link between economy recovery, energy
service demand, energy consumption, CO, emissions
and price and system costs is extremely important to
identify and adopt the appropriate policies to achieve
reduction targets.

Energy security is especially important for Ireland as
one of Europe’s most imported-energy-dependent
countries. Research is presented in this report that
models energy security scenarios for Ireland using
long-term macroeconomic forecasts to 2050, with oil
production and price scenarios from the International
Monetary Fund, within the Irish TIMES energy systems
model. The analysis focuses on developing a least-cost
optimum energy system for Ireland under scenarios
of constrained oil supply and subsequent sustained
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long-term price shocks to oil and gas imports. The
results point to gas (both renewable and natural gas)
becoming the dominant fuel source for Ireland to 2050.

Agriculture currently accounts for about 30% of Ireland’s
greenhouse gas emissions, which is significantly higher
than that of other industrialised countries, yet compar-
able with the global level at 25% (this includes emissions
associated with other land use change and forestation).
This highlights the fundamental importance of consid-
ering agriculture in energy system modelling. Within
this phase of research, a model and methodology were
developed for the integration of agricultural systems
modelling and energy systems modelling. The research
extended the Irish TIMES energy systems modelling
approach by incorporating agriculture into the model in
order to provide richer insights into the dynamics and
interactions between the two (e.g. in competition for
land use). An integrated modelling approach provides
important insights into the most cost-effective mitigation
pathways and draws evidence for new comprehensive
policy strategies that are able to discern between the
full range of technical solutions available. In this par-
ticular analysis, it was shown that technical solutions
in agriculture may contribute to some reductions in
emissions — however, these reductions represent less
than a 20% reduction relative to 1990 levels — while the
bulk of cost-optimal reductions in emissions remain in
the energy-related sectors. Compared with the findings
of the Low Carbon Roadmap, the results indicated
that, for Ireland, achieving an 80% to 95% reduction
in greenhouse gas emissions by 2050 would be very

challenging without also reducing the level of activity in
the agriculture sector.

The full versions of the papers are as follows:

Chiodi, A., Donnellan, T., Breen, J. et al., 2015. Integrat-
ing agriculture and energy to assess GHG emissions
reduction: a methodological approach. Climate Policy
16: 215-236. DOI: 10.1080/14693062.2014.993579.

Deane, J.P., Chiodi, A., Gargiulo, M. et al., 2012. Soft-link-
ing of a power systems model to an energy systems
model. Energy 42: 303-312.

Deane, J.P., Gracceva, F., Chiodi, A. et al., 2015. Soft-link-
ing exercises between TIMES, power system models
and housing stock models. In Giannakidis, G., Labriet,
M., O Gallachoir, B. et al. (eds), Informing Energy
and Climate Policies Using Energy Systems Models:
Insights from Scenario Analysis Increasing the Evi-
dence Base. Springer International Publishing, Cham,
pp. 315-331.

Deane, J.P.,, Driscoll, A. and O Gallachéir, B.P., 2015.
Quantifying the impacts of national renewable electric-
ity ambitions using a North—West European electricity
market model. Renewable Energy 80: 604—609. DOI:
10.1016/j.renene.2015.02.048.

Gargiulo, M., Chiodi, A., Deane, P. et al., 2012. Impact
of economic recession on the costs of climate mitiga-
tion. Proceedings of the 12th IAEE European Energy
Conference, Energy Challenge and Environmental
Sustainability, Venice, ltaly, 9-12 September 2012.

Glynn, J., Chiodi, A., Gargiulo, M. et al., 2014. Energy
security analysis: the case of constrained oil supply for
Ireland. Energy Policy 66: 312—325.



1 Introduction and Model Description

University College Cork (UCC) developed the Irish
TIMES (The Integrated Markal-Efom System) energy
systems model in the period 2009 to 2011 (under a pre-
vious EPA-funded project') and used it to build a range
of medium- (to 2020) and long-term (to 2050) energy
and emissions policy scenarios in order to inform policy
decisions. This project, Irish TIMES Phase 2 (undertaken
in the period 2012 to 2014) improved and extended
the capacity of the Irish TIMES model and included a
focus on the medium term (to 2030). We developed a
multi-model approach to gain further insights into the
power system results using a soft-linking methodology
(Chapters 2 and 3). We also explored the impact of
the economic recession on the future evolution of the
energy system (Chapter 4) and we examined energy
security and built scenarios to understand the impli-
cations of energy security issues on future potential
pathways (Chapter 5). We also developed the AGRI-
TIMES module, in order to explore mitigation scenarios
that focus on both energy and agriculture (Chapter 6).
Irish TIMES Phase 2 was also moved beyond Ireland
by developing a north-west European electricity model
(Chapter 7).

1.1 Model Description

The Irish TIMES Integrated Energy System model pro-
vides a technology-rich, least-cost future energy system
pathway subject to technology, economic and resource
constraints. 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 and 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, for instance, the
electrification of transport or heating. Current energy
systems are the result of complex country-dependent,
multi-sector developments. By considering energy

1 https://www.epa.ie/pubs/reports/research/climate/lrish%20
TIMES%20Energy%20Systems%20Model.PDF (accessed
September 2016).

supply and demand across all sectors simultaneously,
systems analysis applies systems principles to aid deci-
sion-makers in problems of identifying, quantifying and
controlling a system.

The Irish TIMES model is the energy system model for
Ireland, built with TIMES modelling framework. TIMES
has been developed and made available through
the ETSAP (Energy Technology Systems Analysis
Program) Implementing Agreement, a multi-lateral
technology initiative, initiated in 1976 under the aegis
of the International Energy Agency (IEA), with the aim
of carrying out a joint programme of energy technology
systems analysis. TIMES is written in GAMS (General
Algebraic Modelling System) code and CPLEX and
XPRESS are typically the solvers used. A key char-
acteristic 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 co-ordinated
by ETSAP.

TIMES, along with its predecessor Markal, are model
generators currently in use in nearly 200 institutions
across 70 countries. They have and are being used
to generate energy systems models for local, national
or multi-regional energy systems, providing a technol-
ogy-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 compute a dynamic inter-temporal partial equilib-
rium on integrated energy markets with the objective
(objective function) of producing least-cost energy
systems while respecting environmental and technical
constraints. The energy system cost includes invest-
ment costs, operation and maintenance costs, plus the
costs of imported fuels, minus the incomes of exported
fuels and 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 optimising solver. It is able to generate

2 http://www.etsap.org/documentation.asp
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robust energy policy scenarios over medium to long
time horizons and can offer strategic insight into long-
term policy formation. This is especially important for
the energy sector, which has large capital investments
with long project lifetimes. The modelling perspective
of these tools is that of a benevolent central planner
in the form of a single decision-maker (mono-objective)
making rational choices surrounding all energy-related
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 on 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.

Like all energy models, TIMES models also have a
number of limitations that should be considered when
interpreting the results and scenario analyses. In some
instances, these are simply limitations born of the
structure of the model that are inevitable, based on the
way the model is built. In other instances, they could be
considered weaknesses and, in these cases, research
should be carried out to generate improvements. The
following list presents the main limitations:

1. Time resolution. Long-term energy systems models
are generally inadequate to capture daily supply
and demand curves. Even though there are no
limitations on the number of time slices in TIMES
models, it would become computationally unwieldy
if the model had to make decade-long decisions as
well as hourly decisions.

2. Macro-economic assumptions. The results of the
scenarios are tied to the assumptions and results of
the macro-economic model, which, by themselves,
are inherently uncertain. While scenario analysis,

by its nature, tries to counteract this uncertainty by
producing a range of results, this uncertainty is,
nevertheless, present.

3. Limited macro-economic feedback. TIMES models
are generally not able to take account of feedback
between the output of the energy system analysis
and the macro-economy.

4. Behaviour. TIMES models have limited capacity to
simulate behavioural aspects. This is a limitation
of most energy (and indeed macro-economic)
models, in that consumer behaviour is generally
limited to a simple price response and non-price-
related behaviour is generally very poorly treated.

The Irish TIMES model is able to generate a vast
number of outputs, assessing implications for (1) the
economy (including energy prices, investments in the
energy system, marginal CO, abatement costs, etc.);
(2) the energy mix (fuels and technologies) and energy
dependence; and (3) the environment, in particular
greenhouse gas (GHG) emissions. The core model con-
tains a large database (approximately 1700 in the case
of Irish TIMES) of energy supply-side and demand-side
technologies. The database contains technical data
(e.g. thermal efficiency, capacity), environmental data
(e.g. emission coefficients) and economic data (e.g.
capital costs) that vary over the entire time horizon.
The exogenous model inputs are the energy supply
resources and costs, and energy service demands of
the model. These include, on the supply side, indig-
enous 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 economy to 2050.3

3 http://www.ucc.ie/en/energypolicy/irishtimes/
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2  Gaining Additional Insights Into Electricity

No single energy modelling tool, such as Irish TIMES,
can address all aspects of the full energy system in great
detail; greater insights and progress can be gained by
drawing on the strengths of multiple modelling tools,
rather than trying to incorporate them all into one com-
prehensive model. This section presents a soft-linking
methodology that employs detailed simulation outputs
from a dedicated power systems model to gain insights
and understanding of the generation electricity plant
portfolio results for the electricity sector from a separate
energy systems model. A detailed description of this
work has been published (Deane et al., 2012).

The motivation for this soft-linking approach is to pro-
vide a transfer of information from the strong points of
the power systems model to the energy systems model
and use this information to improve and develop under-
standing of energy systems model results. Part of this
motivation is derived from a view that the methodology
takes an optimised generation portfolio for a specific
year from an energy systems model and undertakes a
detailed high-resolution chronological simulation of the
same portfolio in the power systems model with added
degrees of technical detail. Results presented here
show that, in the absence of key technical constraints,
an energy systems model can potentially undervalue
flexible resources, underestimate wind curtailment and
overestimate the use of baseload plant.

In this methodology, one specific year (2020) was
chosen from the energy systems model results and
examined in greater detail in a power systems model.
The energy systems model used in this analysis is the
Irish TIMES model, which was developed using the
TIMES modelling tool. The power systems modelling
tool used was PLEXOS for Power Systems* and a
model of the Irish power system in PLEXOS is pre-
sented in this analysis

These increases in electrification and in wind generation
may pose significant challenges for the power system.
This can, therefore, be considered relevant, as it aims
to determine whether the electrical portfolios generated

4 Energy Exemplar, PLEXOS for Power Systems, available
online: www.energyexemplar.com

in the Irish TIMES model are technically feasible or not
and aims to gain insight into the appropriateness of the
derived generation portfolio. Implications for projected
emissions are also illustrated. Note that while this meth-
odology is presented here for the Irish TIMES model, it
could also be applied to other countries and models that
may have high projected levels of variable renewable
energy generation in future power systems.

2.1 Soft-linking Methodology

The goal of the methodology is ultimately to have an
improved understanding of the energy systems model’s
results in relation to the electrical power sector and to
understand what elements of the power system are
important. Figure 2.1 shows a schematic represen-
tation of the methodology in the form of a flow chart.
Depending on differences that arise and insights that
are gained, the energy systems model inputs or techni-
cal parameters can be adjusted to aim for improvement
in the results.

To demonstrate the soft-linking methodology as outlined
above, we applied soft-linking to an energy systems
model, Irish TIMES and an equivalent power systems
model.

To assess the methodology, a series of yearly model
runs (scenarios) was undertaken in the power systems
model with added degrees of technical complexity. This
was done to assess and quantify the added benefit of
each of these parameters to the modelling process. The
first of these scenarios (Scenario Simple) was a simple
unit commitment and dispatch simulation with no techni-
cal constraints other than maximum generation capacity
of each individual plant. A second scenario (Scenario
Start Costs) added the start costs of each plant to the
problem formulation. A third model scenario (Scenario
MSG) also added minimum stable generation, a fourth
added ramp rates (Scenario Ramp rates) for each
plant, while a final scenario (Scenario Reserve) added
full modelling of upwards reserve requirement. This
final scenario can be interpreted as the most complete
model of the power system and the one that provides
the most realistic results in terms of power system oper-
ation. Therefore, the differences between this scenario
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Figure 2.1. Flow chart of soft-linking methodology. Reproduced from Deane et al. (2012) with permission

from Elsevier.

Table 2.1. Summary of individual model scenarios for power systems model simulations

Scenario Simple Start costs MSG Ramp rates Reserve

Summary Simple case with only Added start Added minimum Added ramp Added spinning and
maximum capacity of costs for each stable generation for rate limits for replacement reserve
generators plant each plant each plant requirements

and the results from the energy systems model are the
most important. These scenarios are summarised in
Table 2.1. A series of simulations was also undertaken
in the power systems model to determine the effect of
low-wind production years to investigate the robustness
of the derived power system. This was done by using
actual historical wind power production data from the
year 2010, which was a low-wind production year in
Ireland, with an annual capacity factor of 24%.

2.2 Results

Looking first at the results from the energy systems
model and the Simple scenario from the power systems
model (see Figure 2.2), it can be seen that results
are broadly similar. However, as more technical detail

is added to the power systems model, the results for
certain plants diverge, indicating the significance and
importance of technical portrayal in modelling the elec-
trical power system.

Results of the detailed unit commitment and dispatch
show that the power systems model commits more of
the less efficient combined cycle gas turbine (CCGT)
units than the energy systems model across all tech-
nical scenarios examined. This is because these units
come online when the newer CCGT units are out for
maintenance or as a result of forced outages, and they
are an important source of flexibility for the system. The
energy model exploits the coal-powered plant to its full
capacity, whereas, in the power systems model, these
units are used less, particularly with the inclusion of
more technical parameters as the start cost becomes
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Figure 2.2. Annual energy generation in 2020 for the less efficient (CC) and the newer (CC-new) combined
cycle gas turbine units and for each power system model scenario. Reprinted from Deane et al. (2012)

with permission from Elsevier.

incorporated into the objective function and coal gener-
ation is “pulled back” to allow gas and other generation
sources to come online and run above their minimum
stable level. As shown in Figure 2.2, the distillate-fuelled
plants, while having a low capacity factor in the energy
systems model, are shown to provide an important peak-
ing ability and this value is only seen when higher levels
of technical detail are modelled in the power systems
model. Pumped storage is also an important contributor
to spinning reserve and is brought online more often to
provide this service. Likewise, the value of the pumped
storage plant capacity only becomes apparent when this
level of detail is included in the power systems model.
In relation to wind energy, it can be seen that wind
production is lower in the power systems model sce-
narios than in the energy system model run, indicating
that wind curtailment is occurring. Results of the power
systems model show that annual wind curtailment rises
from 7% for the Simple scenario to 8% for the Reserve
scenario, whereas the Irish TIMES model shows no
wind curtailment. This stresses the importance of the
correct modelling of flexible resources, such as storage,
in the determination of system flexibility and suitability
for renewable energy integration. Results for the low-
wind-year simulations were broadly similar, however, as
annual wind generation was lower, but an increase was
seen in thermal generation.

Results of the detailed unit commitment and dispatch
of the power system were also used to assess the flex-
ibility of the generation portfolio developed by the Irish
TIMES model and understand what technical details are
important when modelling an electrical power system.
Insights gained from this type of analysis can be useful
in understanding why results differ between the two
models. In general, all thermal units decrease their
cycling as more technical detail is added to the model.
In-place, flexible resources, for example pumped stor-
age, become more important as they are cycled more
often to deal with changing demand while thermal units
stay online longer.

The inclusion of reserve services has an effect, par-
ticularly on CCGT units. The newer CCGT units are
required to be online longer to provide spinning reserve
and operate at slightly lower output; this also has the
effect of bringing more of the older CCGT units online.
Pumped storage is also an important contributor to
spinning reserve both in generation and pumping mode.

2.3 Conclusions

A soft-linking methodology that can be used to verify and
gain insight into electricity sector results from energy
systems models using a power systems model has been
presented and detailed. Results for one specific year
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have been presented. The work in this chapter shows
that the soft-linking methodology provides important
insights into results and provides a useful method to
cross-check the technical appropriateness of the opti-
mised power system results arising from an energy
systems model. In this particular analysis, it was shown
that, while the optimised portfolio from the Irish TIMES
model was a reliable and adequate power system, the
value of key flexible elements, such as storage, were
undervalued. It was also shown that, while the energy
systems model does not use the older CCGT gas units
or distillate-fired units, they are important elements in

the system. Wind curtailment was approximately 8%
higher than expected and emissions were higher than
estimated by Irish TIMES when compared with detailed
results from the power systems model. These insights
could only be gained by the addition of key technical
criteria to the modelling process, such as imposing start
costs, minimum stable generation levels and reserve
requirements on the model. In relation to these con-
straints, it was shown in this analysis that start costs
have a marked effect on the modelling of the power
system and have important implications for the model-
ling of CO, emissions.



3  Electrification of Residential Heating — Good Idea or Bad

Idea?

Previous studies have indicated a significant possible
contribution that can be made by air source heat pumps
(ASHP) replacing older oil-fired boilers in residential
dwellings as one element of a pathway for Ireland to
meet ambitious targets for 2020 to reduce GHG emis-
sions by 20% below 2005 levels for sectors not covered
by the EU Emissions Trading Scheme (ETS). In this
chapter, we describe the development of a multi-model
and soft-linking approach to determine what level of
electrification of heating in the residential sector in
Ireland is cost-optimal to meet GHG emissions reduc-
tion targets for the year 2020. This research is described
in detail in Deane et al. (2015a).

The methodology combines an energy systems model,
a power system model and an archetype residential
energy model for Ireland. Results show that relying
solely on an energy systems model may lead to an
overestimation of the extent of electrification of resi-
dential heating. Our multi-model approach suggests
that between 270,000 and 340,000 existing oil-fired
residential dwellings could be with converted to ASHP
technology without compromising the operation of the
electrical power system. This equates to approximately
38% to 47% of existing dwellings currently using oil-
fired central heating. This would remove 1,832kt of CO,
emissions from the non-ETS sector, which corresponds
to 3.9% of overall non-ETS emissions in 2005. It rep-
resents an overall net system reduction in emissions in
Ireland of 879kt CO,,.

3.1 Context

The primary source of residential heating in Ireland is
oil-fired (kerosene and gasoil) central systems. Indeed,
Ireland’s residential sector is one of the most oil-
dependent in Europe based on consumption per capita;
Belgium is second with a higher share of gas/oil.° In
Ireland, oil-fired central heating is predominately found
in rural areas where detached houses are common.
Typical floor areas for this type of dwelling are generally

5 IEA(2011),Oil Information Document. OECD Publishing.
Available online: http://dx.doi.org/10.5257/iea/0il/2011

large and can range from 100 to 180m?2. From 1990
to 2007, the average floor area of new houses granted
planning permission grew from 130m? to 161m? (an
increase of 24%). Natural gas is a more popular choice
in urban areas, as many of these areas are connected
to the national grid network. In urban areas, the major-
ity of the housing stock is semi-detached and terraced
housing, while in rural areas detached housing is more
common. Electricity is primarily used in flats/apartments,
although a small consistent number of other dwellings
employ storage heaters with a 500- to 800-MW night-
time storage heating system on the power system.
Figure 3.1 shows the current existing residential stock
in Ireland based on central heating type (oil, gas or
electricity), year of construction and housing type from
data in the most recent census.

3.2 Methodology

A number of models were used in this analysis to deter-
mine the impact of increased electric residential heating.
The questions can be summed up as follows: (1) what
levels of electrification of residential heating form part of
a least-cost energy system in 2020 for Ireland to meet
its national targets for emissions reductions in the non-
ETS sectors; (2) can the power system operate with
this extra level of electrification (provided by the answer
to question 1) and what are the associated impacts,
including the increase in power system CO, emissions;
and (3) how many dwellings (and which type) should
have heat pumps installed and by how much can oil-
based CO, emissions be offset as a result? Half-hourly
heating profiles were developed using 1 year of half-
hourly residential gas-metered data collected in Ireland
from June 2010 to May 2011 at 1892 households.®

The results are presented from each of the three models
described below, each addressing a particular question
and adding new insights sequentially. Firstly, results
from the Irish TIMES energy systems model pointed to

6 Smart Metering Trial Data. Irish Social Science Data
Archive. Available online: http://www.ucd.ie/issda/data/
commissionforenergyregulationcer
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Figure 3.1. The number of dwellings by age, dwelling profile and type of heating system for existing

residential houses in Ireland.

the level of electrification forming part of an energy sys-
tems configuration designed to meet Ireland’s non-ETS
target for 2020 at least-cost. Secondly, the PLEXOS
power system model was used to determine the impact
of this increase in electricity demand on the power
system in terms of generation adequacy and increased
CO, emissions. Finally, the ArDEM model, an archetype
dwelling model (described by Dineen and O Gallachoir,
2011), was used to estimate the number of dwellings
that could be heated with this level of installed heat
capacity and the net saving in CO, emissions compared
with existing oil-fired boilers.

33 Results

3.3.1 Level of electrification

Results for the Irish TIMES model suggest that elec-
trification of residential heating should rise by the year
2020 in order for Ireland to meet its non-ETS emission
reduction target in a cost-optimal fashion. Imposing the
legally binding non-ETS emissions reduction target (in
accordance with current EU GHG policy frameworks
through Directive 2009/29/EC and Decision 2009/406/
EC) results in high levels of electrification. Electrification
reaches a level of approximately 914 kilotonnes of oil
equivalent (ktoe) (10.6 TWh) by the year 2020. This
represents the heating requirements of approximately
817,000 dwellings and the results suggest that it will
be met mainly through the use of technologies such
as direct electric heating and heat pumps, which will
displace oil- and coal-based systems. By 2020, elec-
tric heat accounts for 44 % of total residential heating

demand and constitutes an almost four-fold increase on
2010 levels.

3.3.2  Power system implications

Generation adequacy is essentially determined by
comparing the ability of generation capacity to meet
electricity demand. A statistical indicator called the
loss of load expectation (LOLE) was used to measure
any imbalance between them. LOLE is the probability
that the generation capacity available is less than the
forecast load for any given half-hour period. When this
indicator is at an appropriate level, called the genera-
tion adequacy standard, the supply/demand balance
is judged to be acceptable. The generation adequacy
standard for Ireland is 8 hours LOLE over the entire
year. This analysis found that the LOLE for Ireland was
breached for a scenario of 1500 MW of installed electri-
cal capacity of ASHP, so only the 500 MW and 1000 MW
scenarios of installed capacity are considered further in
the analysis.

The 2020 Irish power system was simulated with 0 MW,
500MW and 1000MW of installed ASHP electrical
capacity to quantify the level of CO, emissions asso-
ciated with electrification. The results are presented in
Table 3.1 and show that ASHP with an installed elec-
trical capacity of 1000MW will require 1696 GWh of
electricity per annum and deliver 5087 GWh of residen-
tial heat using ASHP with an assumed SPF (seasonal
performance factor) of 3. The associated increase in
CO, emissions in the power sector for this scenario
is 953kt. A sensitivity analysis was also undertaken
where the heating profile was again increased by 10%
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Table 3.1. Results for power system analysis for 2020

ASHP electrical installed capacity 2020 baseline 500 MW 1000 MW
Power system CO, emission (kt) 12,729 13,209 13,682
Full annual generation in SEM (GWh) 42,501 43,371 44,235
Carbon intensity of power system (gCO,/kWh) 300 305 309
Annual heat pump electric load (GWh) - 848 1696
Assumed heat pump SPF - & 3
Annual heat pump delivered heat (GWh) - 2544 5087
Heat pump CO, emissions due to delivery of heat (kt) - 479 953

SEM, single electricity market.

and also shifted and lagged from 1 to 5 days and the
results showed a corresponding increase of 2% in CO,
emissions.

3.3.3 How many homes?

To determine the net savings in CO, emissions, the
ArDEM model was used to estimate the number of
dwellings that could be heated with both 500 MW and
1000MW of installed ASHP electrical capacity. It is
assumed for this analysis that the ASHP are replacing
existing oil-fired boilers that are at least 20 years old,
as it is unlikely that newer boilers would be replaced
before the end of their useful life. Two retrofit scenarios
are considered, the first where the ASHP would replace
oil boilers and no other retrofit works would be carried
out to the dwelling. As many of the dwellings considered
are old and of poor construction quality this would lead
to situations where the ASHP would operate in poorly
insulated, energy-inefficient dwellings. This is not
desirable from an energy efficiency or CO, abatement
perspective. In the second scenario, the ASHP would
to be installed and, at the same time, the roof and wall
insulation of the dwelling would be retrofitted to modern

standards. This would reduce the heating energy
requirement for a “typical” house from 18,709 kWh/yr to
14,904 kWh/yr. This would allow greater efficiency and
a greater number of dwellings to be converted from oil
to electricity for the same load on the electricity gener-
ation system.

The results in Table 3.2 show that 1000 MW of ASHP
capacity could provide the annual space heating and
water requirements to meet the demand of 271,951
unaltered dwellings; however, if these dwellings had
shallow retrofits (such as wall and ceiling insulation),
then this heat load can meet the requirements of approx-
imately 341,315 dwellings. The associated reduction in
emissions for the full system is approximately 879kt
of CO,; however, because of the ETS and non-ETS
divide, effectively 1841kt of emissions are removed
from the non-ETS sectors and 879kt are “placed” in the
ETS sector.

34 Conclusion

This analysis investigated the potential role of elec-
trification of residential heating through ASHP as a
cost-optimal pathway for Ireland to meet the national

Table 3.2. Results from dwelling energy assessment model

500 MW scenario

1000 MW scenario

Unaltered Improved Unaltered Improved
dwellings roof and wall dwellings roof and wall
Insulation Insulation
Energy required for main space and water heating (GWh) 2544 2544 5087 5087
Energy requirement per dwelling (kWh/yr) 18,702 14,902 18,706 14,904
Numbers of dwellings converted 136,002 170,691 271,951 341,315
Total CO, for existing oil boiler (kt/annum) 921 916 1841 1832
Total CO, with new ASHP (t/annum) 479 479 953 953
Net reduction in CO, (kt/annum) 441 436 888 879
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non-ETS GHG emissions reduction target. The results
show that using an energy system model alone to
answer this question may lead to an overestimation of
the contribution of this technology, by almost a factor
of two in terms of energy. The reason is due to the
aggregated representation of the power system and the
time resolution that is required to limit computational
complexity in the energy systems model. This research
highlights the value of a multi-model or soft-linking
approach to verify the technical appropriateness of
results.

10

Ireland faces strong challenges in the pursuit of the emis-
sion reduction non-ETS target. This work has shown
that greater electrification of existing oil-fired central
heating systems through ASHP technology should war-
rant further investigation. However, ultimately, it is the
house owner who will have to pay for these systems. It
is probably fair to assume that a home owner’s decision
to install a heating system will be influenced more by
economic than by CO, considerations, so additional
analysis is required to assess the economic and other
barriers to deployment, such as financing and payment
for systems.



4
Mitigation

Economic activity has long been a key driver of energy
demand and, consequently, of energy-related GHG
emissions, and therefore is an important element
in energy and climate mitigation modelling. The EU
has established ambitious long-term GHG emissions
reduction targets for the year 2050 (80% to 95% below
1990 levels) and this will require a radical transfor-
mation of EU energy systems in order to achieve the
required decoupling of economic growth from GHG
emissions growth. It is therefore fundamental, in the
current economic context, to understand the link
between economy recovery, energy service demand
evolution and subsequent energy consumption, and
energy-related CO, emissions. This chapter explores
the impact of two different future economic activity
growth projections on the evolution of short and med-
ium-term energy demands and long-term GHG targets.
Ireland is an interesting case study for this analysis.
Between 1990 and 2007, Ireland’s energy-related CO,
emissions grew by 2.5% per annum, prompted by
economic growth levels of 6.5% per annum, in terms
of real gross domestic product (GDP). Between 2007
and 2010, economic activity in Ireland contracted by
10% and energy-related CO, emissions fell by 12%.
Over the past two years, two different sets of economic
forecasts have been produced that show deeper and
longer lasting effects of economic recession. This chap-
ter quantifies the impact of these different economic
recovery pathways on long-term mitigation costs,
namely the cost to achieve an 80% GHG emissions
reduction target. The full details of this research are
described by Gargiulo et al. (2012).

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 and emerging targets for 2030.
Under the Emissions Trading Directive (2009/29/EC),
approximately half of GHG emissions are due to large
point source emitters (within industry, power genera-
tion and transformation) and are regulated under the
ETS. The collective target for all participants in the
ETS is a 21% reduction in GHG emissions relative

11

Impact of Economic Recession on the Costs of Climate

to 2005 levels” by 2020. Under the EU Effort Sharing
Decision (2009/406/EC), for the remaining half of
GHG emissions (including agriculture) (i.e. non-ETS
emissions), the target for Ireland is to achieve a 20%
reduction relative to 2005 levels. Recent national pro-
jections suggest that agriculture GHG emissions will
be reduced by 4.4% in the period 2005 to 2020 (EPA,
2011). There are, as yet, no published projections for
agriculture GHG emissions available for Ireland for the
period beyond 2030. If agriculture emissions remain
at similar levels to those predicted to be reached in
2020 (assuming they remain constant over the period
2020 to 2050), the energy system must deliver a 127%
reduction in emissions (relative to 1990 levels) in order
to reach an overall 80% GHG emissions reduction
target by 2050. According to the EU Low Carbon
Roadmap (EC, 2011), GHG emissions in agriculture
are anticipated to reduce at the EU level by 36% to
37% by 2030 and by 42% to 49% by 2050. According
to this roadmap, the other (primarily energy) sectors
are anticipated to achieve more significant reductions
than agriculture. This indicates that the share of GHG
emissions from agriculture will grow over time and the
role of the energy sector will reduce, suggesting that,
while most climate mitigation modelling tends to focus
on energy, it is very important that agriculture is not
ignored.

The combination of these two contextual points
(emissions growth between 1990 and 20078 and the
significance of agriculture) results in a considerable
challenge for Ireland to meet its emissions reduction
targets for 2050 and makes Ireland an interesting case
study for analysis on how the recession and different
economic forecasts impact on the costs of climate mit-
igation policy.

7 For the period after 2020, Directive 2009/29/EC assumes
that ETS emissions will reduce by 1.74% per annum (i.e.
equivalent to a cumulative reduction of 1.3% relative to 1990
by 2050).

http://www.epa.ie/climate/
emissionsinventoriesandprojections/#.VbIW5vIzTwt
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This chapter focuses on different scenarios of eco-
nomic recovery and how each will impact on Ireland’s
energy service demand, energy consumption, CO,
emissions, energy system costs and the marginal CO,
mitigation price. Two sets of economic forecasts were
used for future macro-economic drivers. One forecast
was generated early in the economic recession (2009),
while a second was generated a year later (2010). In
each successive set of forecasts, the impacts of the
recession were deemed to have a deeper and longer
lasting effect. The starting point to understanding the
link between economic recovery and energy service
demand evolution is the comparison of these forecasted
scenarios; this is followed by the development of new
sensitivity analysis with different economy recovery
assumptions (slow, fast and very fast) to generate new
macro-economic drivers and energy service demands.

4.1 Methodology

Within this analysis, two different future economic activ-
ity growth projections from the Economic and Social
Research Institute (ESRI) were used to develop the
different energy service demands in the Irish TIMES
model. This work quantifies the impact of these two
different economic recovery pathways on long-term
mitigation costs, namely the cost to achieve an 80%
GHG emissions reduction target. The two energy
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service demand scenarios for the Irish TIMES are called
Dem2009 (based on economic activity growth in 2009)
and Dem2010 (based on economic activity growth in
2010). By comparing the energy service demand pro-
jections from the 2009 and 2010 forecast, a greater
understanding of the impact of the recession on the
cost of climate mitigation can be achieved. Figures 4.1
and 4.2 contrast some of the more important projections
and energy service demands in the Irish TIMES model.

Figure 4.1 compares the GDP projection for the two
different economic activity growth projections from the
ESRI. These GDP projections are used to develop the
two sets of energy service demands in the Irish TIMES
model. Projections from 2009 (Dem2009) were more
optimistic about the possibility of a quick and strong
recovery of the economy on the medium and long term,
while the 2010 economic projections are for a slower
growth trend. The 2010 GDP projection in the year 2015
is about 8% lower than the 2009 projection, in 2020 it is
about 14% lower and in the period 2030 to 2050 there
is a difference of 25% in the GDP growth.

The projected growth of a number of demand drivers in
the two different economic activities forecasts is more
or less the same and hence the corresponding energy
service demand projections are also similar. In the
residential sector, population and household growth are
the same in both the economic activities projections,

—2009
projection

—2010
projection

Figure 4.1. Comparing the 2009 and 2010 GDP projections (data source: ESRI). The projected cost is

shown in millions of euros at 2004 prices (M€2004).
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Figure 4.2. Energy service demand projection in residential sector (in ktoe).

although the private income value is slightly different.
The effect of this difference is shown in Figure 4.2 and
mainly affects the energy service demand of lighting
and other electric appliances, because space heat-
ing and water heating depend on the population and
number of households.

4.2 Results

The Irish TIMES model was run in two scenarios with
the different energy services demands, derived from
two projections of macro-economic driver as described
in section 4.1. The model was run to the year 2050 and
a constraint on a GHG emission reduction of 80% was
imposed in both models. Due to different macro-eco-
nomic drivers and consequent different economic
recovery speeds, this section provides the marginal
CO, abatement costs associated with different demand
projections (or, in other words, to different economy
recovery scenarios) for Ireland.

The energy consumption by sector with the two demand
projections (Dem2009 and Dem2010) is shown in Figure
4.3. In the 2020 projection, the final energy consump-
tion based on Dem2010 is about 7% lower than the total
energy consumption from the Dem2009 projection. By
individual sector, the energy consumption for the 2010
projection in the transport sector is lower than that in
the 2009 projection, the industry sector is 15% lower
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and the services sector is about 3% lower, while in the
residential sector it is only 1% lower than in the 2009
projection. Between 2020 and 2050, the average con-
sumption difference is 10% and in 2050 the Dem2010
results are 13% lower than for Dem2009 with a 16%
difference in the transport sector and 17% difference in
the industrial sector.

Figure 4.4 shows electricity consumption by fuel and
compares the Dem2009 and Dem2010 scenarios. In
2020, the only difference between these scenarios is
a higher penetration of renewable energy in Dem2009
due to the higher demand values. In the 2030 and
2040 scenarios, gas carbon capture and storage (CCS)
technology penetrates, while in the Dem2010 this hap-
pens only in 2050. It is important to bear in mind that
the only input differences between the two scenarios
are demand projections and that all other technology
options and potentials are the same. In this case, due
to the higher demand projection in Dem2009, the model
brings gas CCS online in 2030, whereas in Dem2010,
gas CCS only comes online in 2050.

4.3 Marginal Abatement Cost

To compare the marginal cost of abatement for both
model scenarios, the shadow price of CO, constraint
was extracted from the model and compared. The
TIMES model is formulated as a linear programming
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problem. The solution of a linear programming model
consists of a primal and dual solution. The primal solu-
tion of a TIMES model (or of Irish TIMES) provides the
optimal values for the decision variables of the primal
problem (e.g. energy flows and installed capacity) while
the dual solution provides the marginal costs that are
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2040 2050

assigned to each constraint of the primal problem (e.g.
CO, upper target).

Table 4.1 compares the CO, marginal costs for the two
demand scenarios. The Dem2009 scenario based on
high economic driver growth shows higher CO, mar-
ginal costs in particular for periods 2020 (about 50%
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more than Dem2010) and 2050 (about 32% more than
Dem2010). The difference in the CO, marginal price
is due to the different demand and, consequently, the
different technology and fuel mix by sector.

4.4 Economic Impact

The energy system costs and the investment costs
associated with the different economic recovery path-
ways is also an output of the Irish TIMES model. In this
way, the model can be used to test different economy
recovery speeds and the effect on demand evolution and
the associated impact on the energy sector and costs.
The system cost is the sum of all the annual investment,
activity, flow (including import/export prices) and fixed
operating and maintenance costs. The investment cost
is the cost due to the new capacities installed in the
model for each technology (e.g. new power plants, new
cars or residential boilers). It is clear that the system
and investment costs for the Dem2010 scenario are
lower than costs in the Dem2009 scenario. The differ-
ence between Dem2009 and Dem2010 system cost in
2020 is 13% and in 2050 it is 18%, while the difference
in the investment costs is 14% and 21%, respectively
(see Table 4.2).

4.5 Conclusions

The impact of the economic recession on energy
consumption could potentially create distortions in
the policies that each European country should apply
to achieve the 2020 target and long-term targets on
GHG. The links between economic recovery, energy
service demand, energy consumption, CO, emissions

Table 4.1. CO, marginal price in euros per tonne

2020 2030
Dem2009 76 274
Dem2010 Y 263

and price, and system costs are extremely important
to identify and policymakers should be aware of these
linkages and their impacts. The appropriate policies
should be adopted to achieve GHG reduction targets.

Between 2005 and 2050, the average GDP growth
rate for Ireland is predicted to be 2.22% in the 2009
forecasts and 1.7% in the 2010 forecasts. The impact
of these different economic activity forecasts on the
energy service demands was an average growth of
0.43% and 0.08% in the “other industrial sectors”, 1.7%
and 1.1%, for transport passenger demand, 1.9% and
1.6% for freight transport, and 1.04% and 0.81% for the
service sector for the 2009 forecast (Dem2009) and
2010 forecast (Dem2010), respectively. The forecast
impact of the difference in economic activity for resi-
dential and agriculture sectors was minor.

The energy service demand drives the model solution in
terms of flows, emissions, installed capacity and system
cost. The final predicted energy consumption average
growth between 2005 and 2050 in the Dem2009 sce-
nario was 0.05%, although, in the same period for the
Dem2010 scenario, energy consumption was predicted
to fall by 0.21 % with the same CO, emissions level (due
to the target imposed in the model) and a CO, price
for the Dem2009 scenario of €76/tonne in 2020 and
€2255/ton in 2050 and €51/tonne and € 1674/tonne in
the Dem2010 scenario.

The total system cost of Dem2009 is about 10% higher
than the total system cost in the Dem2010 scenario with
a difference in the investment costs between Dem2009
and Dem2010 of a 13% increase in 2020 and an 18%
increase in 2050.

Table 4.2. System and investments costs difference between Dem2009 and Dem2010

2010
1%
2%

2020
13%
14%

Systems

Investments

2040 2050

275 2255

221 1674
2030 2040 2050
18% 19% 18%
18% 18% 21%



5
Ireland

Ireland imports 88% of its energy requirements. Oil
makes up 59% of total final energy consumption (TFC)
(Figure 5.1). Import dependency, low fuel diversity and
volatile prices leave Ireland vulnerable in terms of energy
security. This work models energy security scenarios
for Ireland using long-term macroeconomic forecasts
to 2050, with oil production and price scenarios from
the International Monetary Fund (IMF), within the Irish
TIMES energy systems model. The analysis focuses
on developing a least-cost optimum energy system for
Ireland under two scenarios of constrained oil supply
(one with 0.8% annual import growth and another with
a 2% annual import decline) and subsequent sustained
long-term price shocks to oil and gas imports. The
results point to gas becoming the dominant fuel source
for Ireland, at 54% TFC in 2020, supplanting oil from
reference projections of 57% to 10.8% TFC. In 2012,

UK
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—— Algeria

Energy Security — Constrained Oil Supply Scenario for

the cost of net oil imports was €3.6 billion per annum
(2.26% GDP). The modelled high oil and gas price sce-
narios show an additional annual cost in comparison to
a reference of between €2.9 billion and €7.5 billion per
annum by 2020 (1.9% to 4.9% of GDP). Investment and
ramifications for energy security are discussed. The full
details of this research are described by Glynn et al.
(2014).

5.1 International Monetary Fund

Supply Scenario Inputs

The scenario inputs specific to this work are based on
recent work within the research department of the IMF.
The IMF first published oil sector research using their
Global Integrated Monetary and Fiscal (GIMF) model
in a chapter titled, “Oil Scarcity, Growth, and Global

Electricity

Transport

Residential

Industry

= N .

Agriculture m===

Export !

Services

Figure 5.1. Ireland’s present energy system energy flow 2011. Primary energy flows from energy sources
on the left to sectorial final consumption on the right. Data sources: Sustainable Energy Authority of

Ireland and IEA.
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Imbalances”, within their 2011 World Economic Outlook
(International Monetary Fund, 2011). The model investi-
gates the effects of oil supply, price, substitutability and
oil-derived productivity upon the global and regional
economies. They developed four scenarios, a bench-
mark (IMF1), an upside efficiency scenario (IMF2) with
greater substitution away from oil, a downside produc-
tivity scenario (IMF3) where oil has a greater role in
economic production and a downside scenario (IMF4)
where there is a greater decline in oil production com-
pared with the benchmark scenario.

The benchmark scenario considered the effect of a
slowing of the growth rate of global oil production, to
a rate of increases of only 0.8% per annum in compar-
ison to the historical 1.8% per annum. This knowledge
is reflected in market realisation that supply will not
automatically meet demand as has been historically
assumed. This realisation results in an immediate
price shock resulting in a 63% increase, reflecting
the relatively low, short-term price elasticity. Demand
destruction and comparably larger medium-term price
elasticities enable fuel substitution and the stabilisation
of the rate of price increase by year three on a new,
higher long-term price trajectory. An upside efficiency
scenario investigates the effect of greater technological
substitutability away from oil. A productivity scenario
investigates benchmark substitutability, but includes
increased levels of productivity and an increase of
the cost share of oil historical levels of 5% to 25% of

(a) (b)
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80,000
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50,000

40,000

2000 2010 2020 2030

== IMF1 Benchmark
= Historical Trend (EIA)

= IMF4 Peak

cost share of production. The IMF considered a final
fourth scenario of equivalent substitutability of the
benchmark scenario, but where global oil supply
declines at 3.8% in comparison to the benchmark, or
2% in gross terms. This effect again takes the shape
of a market realisation of declining oil production at
2% per annum, and an immediate price spike of 240%
in year one. Medium-term fuel substitution leads to a
slowing of the rate of price increase by year three at a
286% real price increase, growing to 487% real price
increase by year 10. The “peak” scenario (IMF4) and
the benchmark scenario (IMF1) results show world oil
supply and resultant price increases of 350% and 90%
respectively within 5 years and are outlined in Figure
5.2. While these outputs may appear divergent and
extreme, they are based on conservative assumptions
of maintaining a 0.8% growth in oil production to a gross
2% oil production decline rate, while others expect
decline rates of between 3% and 5%. The benchmark
and peak scenario IMF outputs are the starting point
for this investigation and, while the Irish TIMES model
is calibrated to the current Irish energy system, the
outputs should be seen as exploratory scenarios rather
than forecasts given macroeconomic uncertainty.

5.2 Results

The methodological approach combines Irish TIMES,
the Irish energy systems model, with the IMF’s research
department’s oil price and supply scenario projections
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Figure 5.2. International Monetary Fund global integrated monetary and fiscal model outputs showing
(a) extrapolated world oil supply in kilobarrels/day (kb/d) and (b) resultant prices by year in US$ per
barrel (US$/bl). Reprinted from Glynn et al. (2014) with permission from Elsevier.
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for constrained global oil supply. These projections
are based on the IMF’s in-house global dynamic sto-
chastic general equilibrium model (GIMF) for scenarios
of increasing price volatility and supply contraction.
This work focuses on the Irish calibrated reference
energy system, combined with the IMF benchmark and
downside (peak) scenarios, disaggregated into two oil
import volume constrained scenarios and three detailed
price-constrained scenarios. The impact on emissions
is not examined.

In 2003, the cost of net oil imports to Ireland was
€1.46 billion (1.0% GDP) per annum. In 2012, the cost
of net oil imports was €3.6 billion (2.26% GDP) per
annum (Central Statistics Office of Ireland, 2013). The
Eurozone debt crisis has had a detrimental effect on
the value of the euro and the subsequent ability to trade
and import commodities denominated in US dollars.
The annual average Brent oil price for 2011 and 2012
respectively were €79.9 per barrel and €87.1 per barrel,
which represents a 9% increase year-on-year and a
34% increase since the dollar spot price maximum in
2008.

In the possible scenario where global oil supply
remains in its current stagnated state with minimal

18

supply growth, the benchmark scenario energy system
pathway outlines a least-cost energy system with an
additional annual cost of €2.9 billion by 2020 (1.9%
of GDP), in comparison to the reference case. The
worse-case scenario, in which global oil supply begins
to contract at 2% per annum and the subsequent price
increases instigate a process of rapid fuel substitution
and demand destruction, shows a least-cost energy
system for an additional cost of €7.5 billion per annum
by 2020 (an additional 4.9% of GDP). An annual cost
of this magnitude could potentially undermine the
ability of the economy to grow; however, as this is
the least-cost solution for this scenario, continuing the
current energy mix consumption trend would be more
costly.

In the scenario where gas prices remain indexed to oil
prices and global oil production remains stagnant, gas
would be used as a transition fuel until 2020. This is
a useful outcome: both costs-bench and bench plus
gas scenarios show similar energy systems to 2020.
Beyond 2020, a greater divergence occurs, where
penetration of renewable energy sources increases
and, most noticeably, biofuel imports substitute for nat-
ural gas imports in the transport and industry sectors.



6
Modelling?

Agriculture is responsible for approximately 33% of
anthropogenic GHG emissions in Ireland (and 25%
globally). This highlights the importance of the agricul-
tural sector in Ireland’s mitigation challenge. The work
described here developed and tested a methodology for
integrating agricultural systems modelling and energy
systems modelling. The goal was to extend the lIrish
TIMES energy systems modelling approach by incor-
porating agriculture in order to provide richer insights
into the dynamics and interactions between the two (for
example in competition for land use). This shortened
version of the previously published paper (Chiodi et
al., 2015) summarises the methodology used, and also
presents indicative results to illustrate the approach and
provide initial insights.

6.1 The AGRI-TIMES Module

This work developed a TIMES module for the agricul-
ture system (Agri-TIMES) to be used in conjunction with
a full energy system model (Irish TIMES). The Irish agri-
culture system has been characterised and modelled in
a simplified way in terms of supply commodities (land
and water), production (e.g. animal storage, processing
and production), and service demands (e.g. litres of
milk). Abatement measures include extended grazing,

How Can We Integrate Agriculture and Energy

manure management and dietary supplements. This
approach draws on data from the FAPRI-Ireland and
FLAGGS models.

6.2 Results

The results for two scenarios are shown in Table 6.1,
comparing 50% and 60% GHG emissions reduction
targets by 2050. The results are illustrative of the
methodology rather than providing robust guidance
for the national mitigation plan. The results show that,
to achieve GHG emissions targets of between 50%
and 60% below 1990 levels (GHG-50 and GHG-60)
at least cost, the energy system would be subject to
steep reductions (75-87%) in emissions, while non-
energy sectors (notably agriculture) contribute partially
(reductions of 17-25% in emissions). Compared with
the corresponding emissions reductions at EU level
(presented in the EU Low Carbon Roadmap), this
work shows that energy results are aligned with the EU
emissions reductions. For agriculture however, the EU
Roadmap target of a 42-49% reduction in emissions
relative to 1990 levels appears not to be applicable to
Ireland. This contrasts the constraints facing mitiga-
tion in agriculture in Ireland with those in the EU as a
whole.

Table 6.1. GHG sectoral changes (relative to 1990) for the GHG-50 and GHG-60 scenarios

Sectors

Power generation +37%
Industry (including process) +26%
Transport (including internal aviation) +149%
Residential and services +1%
Agriculture (CO, and non-CO,) —-3%
Transformation +62%
Energy +44%
Non-energy -3%
Total +26%

GHG-60 GHG-50 GHG-60

-58% -59% -92% —91%
—61% —67% —90% —90%
+108% +93% -39% —88%
-51% —56% —74% —81%
+3% +3% —6% —16%
+55% +55% -10% —81%
—25% —29% —75% —87%
—8% -10% —17% —25%
-16% —20% -50% —60%
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Beyond Ireland — Impacts of National Renewable Energy

Actions Plans on the North-west European Electricity

Market

This work builds a comprehensive north-west European
electricity market model for the year 2020 and uses it
to quantify the impacts of ambitious national renewable
electricity targets. The geographical coverage of the
model comprises Belgium, France, Germany, Great
Britain, Ireland, Luxembourg and the Netherlands. The
model simulates the electricity market operation for the
entire region at a half-hourly resolution and produces
results in terms of electricity prices, cross-border flows,
emissions and associated total system costs. The impact
of two carbon price scenarios was examined within the
model. The results highlight the importance of integrated
modelling of interconnected regions, as cross-border
power flows play a significant role in market dynamics,
especially in the presence of geographically dispersed
variable renewable energy generation sources such as
wind and solar energy. The results suggest that, based
on these national plans, congestion will be present on
a number of key lines at long periods during the year.
The full details of this research are described by Deane
et al. (2015b).

7.1 Introduction

The creation of a European internal electricity market
is a priority of the EU. Since 1996, with the introduction
of the “First Legislative Package” in the internal energy
market (Directives 96/92/EC and 98/30/EC), there has
been a move towards electricity market integration
between national markets with a focus on common
rules for generation, transmission and distribution of
electricity. Despite two EU Directives in 2009 (Directives
2009/72/EC and 2009/73/EC)° and the creation of the
Council of European Energy Regulators (CEER), the
Directorate-General for Competition report on energy
sector inquiry (EC, 2007) found inefficiencies impeding
a European internal electricity market. Issues high-
lighted included a high degree of market concentration,

9 The First Legislative Package was adopted in 1996 and was
replaced by the Second Legislative Package in 2003. There
has since been a Third Legislative Package, which was
adopted in 2009.
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vertical integration, insufficient interconnecting infra-
structure between nations and insufficient incentives
to improve this, as well as incompatible market design.
Furthermore, a lack of simplified and standardised reg-
ulations has been identified as a barrier to a European
internal market.

This chapter describes the development of (to the
authors’ knowledge) the first detailed electricity market
model for the year 2020 for the north-west European
region, which includes Belgium, France, Germany,
Great Britain, Ireland, Luxembourg and the Netherlands.
Renewable energy capacities are aligned in the model
to National Renewable Energy Actions Plans (NREAP)
submitted by each country to the EU. The goal of
the work is to develop (and make freely available) a
comprehensive database of electricity power plants in
north-west Europe to improve the understanding of the
development of regional markets within the EU. In addi-
tion, the database and model were used to determine
the impacts of renewable energy targets on electricity
prices and regional flows within the study area.

7.2 Data Sources

A number of publicly available sources were drawn upon
to gather the large amount of information required to
develop the 2020 north-west Europe electricity model.
These sources can primarily be divided into power plant
technical data, renewable energy installed capacities,
projected interconnection capacity between each coun-
try and load profiles.

In all, the current model and database contains over
900 individual power plants. Information on power
plant capacity and type were taken from Transmission
Systems Operators (TSOs), regulators, generation
adequacy reports and individual company websites. In
cases where a generation adequacy report provided
information only as far as 2018, it was assumed that
this thermal capacity was unchanged for 2020. A break-
down by primary fuel type for each country is provided
in Table 7.1 for installed MW capacities and number of
thermal power plants.
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Some jurisdictions, such as the All Island'® (Al) system,
provide very detailed information concerning power
plant technical characteristics and, where possible,
direct information on thermal generation type is used;
however, in most countries, detailed information is not
available and has to be inferred from the best available
sources. Each power plant in the model is described
by a maximum capacity, a minimum stable level, start
costs, minimum up and minimum down time and,
where applicable, ramp rates. Average heat rates are
used to describe the efficiency of each power plant.
The efficiency of each plant is inferred from the fuel
type, size and, where possible, the age of the plant.
Information from the IEA-ETSAP technology database
is used to approximate the average efficiency of each
plant type by country. Generation plants that are pre-
dicted to come online between 2012 and 2020 are
generally assumed to have the maximum efficiency for
that plant type. Natural gas plants that are less than
100 MW in capacity are assumed to be open cycle gas
turbines, whereas plants with a higher capacity than
this are assumed to be CCGTs, unless specific infor-
mation shows otherwise. Coal plants in the UK are also
assumed to have limitations on the annual number of
running hours and this is reflected in the estimation of
the maximum annual capacity factors of 38%. These
assumptions aim to capture the impact of the Large
Combustion Plant Directive (2001/80/EC) and the
Industrial Emissions Directive (2010/75/EU). Pumped
storage plants are modelled as individual units (38

10 The All Island System refers to the power system of both
Northern and Republic of Ireland. The system is currently
operated as the Single Electricity Market.

plants) with a pumping efficiency of 75% in all cases.
All units are also assumed to operate on a daily cycle
where the storage reservoir is forced to return to its
initial level at the end of each day. This is potentially a
restrictive operational rule and further research will look
at the impact of relaxing this constraint.

Transmission within each country is ignored and a
“copper plate” assumption is made. Interconnection
between each country is included with values for
2020 sourced from ENTSO-E’s Ten Year Network
Development Plan (ENTSO-E, 2014) and from regional
TSOs. Figure 7.1 shows the MW interconnection capac-
ities assumed between each country for the target year
2020.

7.3 Results

The PLEXOS model was populated with individual
unit characteristics and technical details. A number of
simulations were undertaken to determine the resultant
flows of electricity and market prices (as represented by
shadow prices) of electricity under a number of carbon
price assumptions, namely €20 and €45 per tonne. In
PLEXOS, shadow prices are automatically determined
as part of the solution to the optimisation problem. The
price reported represents the shadow price of the con-
straint that matches supply and demand. This can be
considered as the change in the objective function for
an incremental change in demand.

France is a significant net exporter of low-cost electricity
and its high degree of interconnection to other regions
makes it attractive as an export market. However,
as shown in Figure 7.2, there are long periods of

Table 7.1. Installed thermal capacity (MW) and number of thermal plants in each country for 2020

Country

Capacity (MW)

Coal 855 21,384
Gas 4320 49,622
Nuclear 0 6078

2935 49,610 470 6652
10,606 27,955 11,000 22,919
64,670 8052 5060 504

Number of thermal power plants

Coal 3 13
Gas 24 76
Nuclear? 0 5

5 141 2 10
26 249 69 66
58 6 6 1

aAInformation on German nuclear 2020 capacity and phase out was taken from the Federal Ministry for the Environment,
Nature Conservation and Nuclear Safety. For the UK, information was taken from the Department of Energy and Climate

Change.

Al, All Island; BE, Belgium; DE, Germany; FR, France; NL, the Netherlands; UK, United Kingdom.
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Figure 7.1. Projected interconnection between each country for 2020. Reprinted from Deane et al. (2015)

with permission from Elsevier.
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Figure 7.2. Congestion time in hours for electricity interconnector lines for European countries.
BE, Belgium; DE, Germany; FR, France; GB, Great Britain; LU, Luxembourg; NL, the Netherlands.
Reprinted from Deane et al. (2015) with permission from Elsevier.

congestion (i.e. when the line flow is at the maximum
possible flow) predicted for the interconnector lines,
particularly from France, as power is wheeled through
Belgium into the UK or into the Netherlands and on
to Germany. The level of congestion places strong
limitations on the ability of the system to move elec-
tricity around efficiently. The impact of a higher carbon
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price tends to reduce imports and exports of electricity
across most countries; Germany is an exception to this
trend as a higher carbon price drives an increase in
imports, particularly from France. This is accompanied
by a reduction in exports from Germany, particularly to
the Netherlands, which reduces imports and generates
more from local gas-fired generation. The UK also



P. Deane et al. (CCRP-2011-MS-3.5)

reduces imports from France and Belgium in favour
of CCGT generation, which is brought into favour by a
higher carbon price.

Annual CO, emissions for each region are presented
in Table 7.2. Germany and the UK, with a high portion
of coal-fired generation, are the largest absolute emit-
ters in the region. Interestingly, the CO, emissions in
Belgium increase significantly at the higher carbon tax
level, linked to the greater amount of exports. The inclu-
sion of an extra €25 of carbon tax is predicted to reduce
emissions by approximately 50 MT.

7.4 Conclusion

The presented analysis describes and details the devel-
opment of a 2020 electricity market model calibrated
to each country’s NREAP projections for the north-west
region of Europe. The focus of individual NREAPs is
generally limited to impacts at a Member State level.
The value of this work is assessing the impacts at a
regional and inter-Member State level. The results
highlight the importance of integrated modelling of
interconnected regions, as cross-border power flows
play a significant role in market dynamics, especially
in the presence of geographically dispersed variable
renewable energy generation sources such as wind
and solar energy. Flows on the interconnectors are
an important aspect of any future EU market and the
results here shows that congestion will be present on a
number of key lines over long periods during the year.

This is especially true for France and its neighbouring
regions, as low-cost nuclear and renewable electricity
will flow to regions with higher prices. The wheeling of
power through Belgium and the Netherlands into either
the UK or Germany is also seen periodically.

The work also highlights the contribution that integrated
modelling can make to policy decisions by providing
insight into the impact of varying levels of carbon pricing
and, in particular, how this level of pricing impacts on
total generation costs and emissions reductions in each
specific country.

Regional market prices, as inferred from the shadow
price of electricity, are naturally seen to be lowest in
regions with strong nuclear (such as France) or renew-
able energy capacity (such as Ireland). The impact
of a higher carbon price has a lower impact on these
regions. The carbon intensity of the full power system
as presented here is expected to be approximately
2369 CO,/kWh for a carbon price of €20 per tonne that
reduces to 206g CO,/kWh for an increased carbon
price of €45 per tonne. Germany, with its legacy of coal-
fired generation, and the UK are the largest emitters in
absolute terms.

This work presents the first important step in the ana-
lysis of regional market integration in the EU. Further
work will focus on the areas where increased intercon-
nection would have the most beneficial impacts under a
range of carbon scenarios and market structures within
the study region.

Table 7.2. Annual CO, emissions for each country from the electricity sector

CO, emissions for €20 per tonne

CO, emissions for €45 per tonne

Al 13,292,776
BE 3,879,131
DE 236,575,446
FR 5,313,165
GB 97,804,477
LU 220,357
NL 52,659,860
Total 409,745,212

8,409,913
7,736,829
197,255,119
1,882,753
96,148,749
217,730
45,214,760
356,865,853

Al, All Island; BE, Belgium; DE, Germany; FR, France; GB, Great Britain; LU, Luxembourg; NL, the Netherlands.
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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. This report
outlines research outputs from the EPA-funded Phase
Il of the Irish TIMES Project. The project has made a
number of important diverse contributions to national
and international research, reflecting the complexity
and interdependency of energy and climate policy. The
project has developed improved methodologies and
techniques for linking and coupling models to develop
robust policy evidence for a transition to a low carbon
future and has also delivered direct model improve-
ments for the integration of agriculture and economic
feedback into the decision process.

The key recommendations from this research project
centre on the further development of the multi-model-
ling approach that was developed this project to other
aspects of energy systems modelling in order to gain
the following:

e An improved understanding of the interactions
between the energy system and the economy (in
order to approach questions, such as what are the
economic impacts of different mitigation ambition
levels). This can be done by incorporating price
response within the Irish TIMES model (i.e. elastic
demand), by hard linking Irish TIMES to a simpli-
fied macro-economic model (the MACRO model)
and by soft-linking Irish TIMES to a more detailed
macro-economic model (e.g. ESRI's HERMES
model)

An improved understanding of the respective roles
of energy and agriculture in GHG emissions abate-
ment, by soft-linking the Irish TIMES model with
FAPRI-Ireland (a macro-level agricultural model
of Ireland) and FLAGGS (a farm level agricultural
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Conclusions and Future Research

model of Ireland). This will provide insights into
combined mitigation pathways and enable an ana-
lysis of land use competition.

An improved understanding of the role of increased
integration of Ireland’s energy system with other
EU energy markets. This can be done by expand-
ing the electricity dispatch modelling to integrated
electricity and gas modelling and by developing
EU-wide models. This will enable analysis of
increased electricity and gas infrastructure devel-
opment (including interconnection to France,
further gas infrastructure, etc.). In addition, the role
of imported bioenergy to meet future energy needs
in transport and heat should also be explored from
the perspective of the sustainability of mitigation
pathways.

Within the context of Irish legislation for action on climate
change, it is also important that the modelling capacity
developed through this project should be utilised to
inform (1) government decisions regarding national
policy and (2) Ireland’s negotiating position within the
context of the EU climate and energy policy framework.
An important first step has been taken in this regard:
UCC and ESRI were commissioned to provide techni-
cal advice and guidance on the development of a low
carbon roadmap for Ireland with the aim of achieving
transition to a low carbon, climate resilient and environ-
mentally sustainable economy in the period up to and
including the year 2050. The UCC/ESRI report on a
Low Carbon Energy Roadmap for Ireland” (Deane et
al., 2013) builds on the research carried out in the Irish
TIMES research project and applies it directly to inform
policy decisions.

11 http://www.environ.ie/en/Publications/Environment/
ClimateChange/FileDownlLoad,41727,en.pdf
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AN GHNiOMHAIREACHT UM CHAOMHNU COMHSHAOIL
Té an Ghniomhaireacht um Chaomhnu Comhshaoil (GCC) freagrach as an
geomhshaol a chaomhnu agus a fheabhst mar shdcmhainn luachmhar do
mhuintir na hEireann. Taimid tiomanta do dhaoine agus don chomhshaol a
chosaint ¢ ¢€ifeachtai diobhalacha na radaiochta agus an truaillithe.

Is féidir obair na Gniomhaireachta a
roinnt ina tri phriomhréimse:

Rial: Déanaimid corais éifeachtacha rialaithe agus comhlionta
comhshaoil a chur i bhfeidhm chun torthai maithe comhshaoil a
sholathar agus chun diriv orthu siud nach gcloionn leis na corais sin.

Eolas: Soldthraimid sonrai, faisnéis agus measuni comhshaoil atd
ar ardchaighdean, spriocdhirithe agus trathuil chun bonn eolais a
chur faoin gcinnteoireacht ar gach leibhéal.

Tacaiocht: Bimid ag saothri i gcomhar le grupai eile chun tacu
le comhshaol ata glan, tairgiuil agus cosanta go maith, agus le
hiompar a chuirfidh le comhshaol inbhuanaithe.

Ar bhFreagrachtai

Ceadinu

Déanaimid na gniomhaiochtai seo a leanas a rialt ionas nach

ndéanann siad dochar do shlainte an phobail na don chomhshaol:

 saoraidi dramhaiola (m.sh. laithredin lionta talun, loisceoiri,
staisivin aistrithe dramhaiola);

+ gniomhaiochtai tionsclaiocha ar scala mor (m.sh. déantisaiocht

* an diantalmhaiocht (m.sh. muca, éanlaith);,

 Usaid shrianta agus scaoileadh rialaithe Organach
Géinmhodhnaithe (OGM);

 foinsi radaiochta iantichain (m.sh. trealamh x-gha agus
radaiteiripe, foinsi tionsclaiocha);

 aiseanna mora storala peitril;

» scardadh dramhuisce;

» gniomhaiochtai dumpala ar farraige.

Forfheidhmid Naisitnta i leith Cirsai Comhshaoil

+ Clar naisitnta iniuchtai agus cigireachtai a dhéanamh gach
bliain ar shaordidi a bhfuil ceadinas 6n nGniomhaireacht acu.

* Maoirseacht a dhéanamh ar fhreagrachtai cosanta comhshaoil na

» Caighdean an uisce 6il, arna sholathar ag solathraithe uisce
phoibli, a mhaoirsit.

* Obair le hudarais aititla agus le gniomhaireachtai eile chun dul
i ngleic le coireanna comhshaoil tri chomhordt a dhéanamh ar
lionra forfheidhmitichain naisiunta, tri dhiria ar chiontoiri, agus
tri mhaoirsit a dhéanamh ar leastichan.

* Cur i bhfeidhm rialachan ar nés na Rialachan um
Dhramhthrealamh Leictreach agus Leictreonach (DTLL), um
Shrian ar Shubstainti Guaiseacha agus na Rialachan um rialu ar
shubstainti a idionn an ciseal 6zdin.

* An dli a chur orthu sitid a bhriseann dli an chomhshaoil agus a
dhéanann dochar don chomhshaol.

Bainistiocht Uisce

* Monatdireacht agus tuairiscia a dhéanamh ar chailiocht
aibhneacha, lochanna, uisci idirchriosacha agus costa na
hEireann, agus screamhuisci; leibhéil uisce agus sruthanna
aibhneacha a thombhas.

* Combhordu naisiunta agus maoirsiti a dhéanamh ar an gCreat-
Treoir Uisce.

*  Monatdireacht agus tuairisciu a dhéanamh ar Chailiocht an
Uisce Snamha.

Monatéireacht, Anailis agus Tuairisciu ar

an gComhshaol

* Monatoireacht a dhéanamh ar chailiocht an aeir agus Treoir an AE
maidir le hAer Glan don Eoraip (CAFE) a chur chun feidhme.

¢ Tuairiscit neamhspleach le cabhrt le cinnteoireacht an rialtais

staid Chomhshaol na hEireann agus Tuarascdlacha ar Thdscairi).

Rialu Astaiochtai na nGas Ceaptha Teasa in Eirinn

+ Fardail agus réamh-mheastachain na hEireann maidir le gais
cheaptha teasa a ullmhu.

* An Treoir maidir le Tradail Astaiochtai a chur chun feidhme i gcomhair
breis agus 100 de na tairgeoiri dé-ocsaide carboin is mo in Eirinn.

Taighde agus Forbairt Comhshaoil

+ Taighde comhshaoil a chistit chun briinna a shainaithint, bonn
eolais a chur faoi bheartais, agus réitigh a sholathar i réimsi na
haeraide, an uisce agus na hinbhuanaitheachta.

Measunacht Straitéiseach Timpeallachta
* Measunacht a dhéanamh ar thionchar pleananna agus clar beartaithe
ar an gcomhshaol in Eirinn (m.sh. mérphleananna forbartha).

Cosaint Raideolaioch

* Monatoireacht a dhéanamh ar leibhéil radaiochta, meastiinacht a
dhéanamh ar nochtadh mhuintir na hEireann don radajocht iantchain.

» Cabhru le pleananna naisitinta a thorbairt le haghaidh éigeandalai
ag eascairt as taismi nuicléacha.

* Monatoireacht a dhéanamh ar fhorbairti thar lear a bhaineann le
saoraidi ntiicléacha agus leis an tsabhailteacht raideolaiochta.

» Sainseirbhisi cosanta ar an radaiocht a sholathar, n6 maoirsit a
dhéanamh ar sholathar na seirbhisi sin.

Treoir, Faisnéis Inrochtana agus Oideachas

» Comhairle agus treoir a chur ar fail d’earnail na tionsclaiochta
agus don phobal maidir le habhair a bhaineann le caomhnu an
chomhshaoil agus leis an gcosaint raideolaioch.

 Faisnéis thrathtil ar an gcomhshaol ar a bhfuil fail éasca a
chur ar fail chun rannphairtiocht an phobail a spreagadh sa
chinnteoireacht i ndail leis an gcomhshaol (m.sh. Timpeall an Ti,
léarscdaileanna radoin).

* Combhairle a chur ar fail don Rialtas maidir le habhair a
bhaineann leis an tsabhailteacht raideolaioch agus le ctrsai
prainnfhreagartha.

» Plean Naisitinta Bainistiochta Dramhaiola Guaisi a thorbairt chun
dramhail ghuaiseach a chosc agus a bhainistiu.

Miuscailt Feasachta agus Athru Iompraiochta

* Feasacht chomhshaoil nios fearr a ghinitint agus dul i bhfeidhm
ar athr iompraiochta dearfach tri thacu le gnéthais, le pobail
agus le teaghlaigh a bheith nios éifeachtala ar acmhainni.

 Tastail le haghaidh radoin a chur chun cinn i dtithe agus in ionaid
oibre, agus gniomhartha leasuchain a spreagadh nuair is ga.

Bainistiocht agus struchtir na Gniomhaireachta um
Chaomhni Comhshaoil

T4 an ghniomhaiocht & bainistit ag Bord lanaimseartha, ar a bhfuil
Ard-Stiurthéir agus cuigear Stitrthéiri. Déantar an obair ar fud clig
cinn d’Oifigi:

* An Oifig um Inmharthanacht Comhshaoil

* An Oifig Fortheidhmithe i leith cursai Comhshaoil

* An Oifig um Fianaise is Measun(

* An Oifig um Cosaint Raideolaioch

* An Oifig Cumarsaide agus Seirbhisi Corparaideacha

T4 Coiste Comhairleach ag an nGniomhaireacht le cabhru 1¢i. Ta
daréag comhaltai air agus tagann siad le chéile go rialta le plé a
dhéanambh ar abhair imni agus le comhairle a chur ar an mBord.
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Irish TIMES is Ireland’s only fully integrated long term energy systems model, projecting energy
scenarios out to 2050. The model is unique in its ability to provide cross sectoral evidence based
analysis for climate and energy policy. The Phase 2 project linked Irish TIMES with other models to
examine, inter alia, electricity market, and agricultural landuse interactions.

Identifying Pressures

The Irish TIMES Phase Il project identifies pressure points and challenges for Ireland in meeting
greenhouse gas emission reduction targets while also addressing other policy goals such as energy
efficiency and renewable energy targets. It makes an important contribution to Ireland’s technical
capability to quantifying the challenges of moving to a low carbon economy. It also makes valuable
contributions to the international collaborative research effort in TIMES energy systems modelling
(used in over 70 countries to inform policy decisions) co-ordinated by the IEA ETSAP activity.

Informing Policy

Projected scenarios offer insights to key technologies and strategies to reduce emissions in the short
and longterm out to 2050. Analysis addresses key policy questions ensuring the research directly
supports policy makers. It is shown that a multi model approach to testing scenarios greatly improves
the technical robustness of results from the model. Results highlight that cross border power flows
play a more significant role in market dynamics especially in the presence of geographically dispersed
variable renewable generation sources such as wind and solar. This is important from a policy making
perspective as poor model based evidence for example, based on an isolated national system, can lead
to poorly informed policy decisions.

Developing Solutions

Modelling results show that electrification of residential heating may rise by the year 2020 in order

for Ireland to meet its non-ETS emission reduction target in a cost optimal fashion and that greater
electrification of existing oil fired central heating systems through ASHP technology should warrant
further investigation. Results also point to gas (both renewable and natural gas) becoming the
dominant fuel source for Ireland to 2050. In this particular analysis it was shown that technical solutions
in agriculture may contribute with some emissions reductions — however these reductions represent
less than a 20% reduction relative to 1990 levels — while the bulk of cost optimal emissions reductions
remain in the energy related sectors. Comparing with the findings of the EU roadmap the results
indicated that in the case of Ireland an 80% to 95% GHG emissions reduction by 2050 would be very
challenging without also reducing activity levels of the agriculture sector.
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