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1 Executive Summary
The publication of the All of Government Climate Action Plan 2019 is an important step in Ireland’s
transition to a net zero carbon economy. This plan sets out ambitious targets for Ireland in relation to
decarbonisation for 2030 leading towards a net zero carbon position in 2050 and sets out the actions
which will help achieve these targets. It is essential that there is follow through on the actions and
strong leadership from Government in this area.
The UCD Energy Institute is well positioned to help achieve the Government strategy. The core of our
research expertise is in power systems and the integration of renewable generation onto the electricity
grid. Through the SFI funded Energy Systems Integration Partnership Programme (ESIPP), this expertise
has expanded to bring a whole of system approach which includes aspects of energy demand,
forecasting and, crucially, social acceptance and consumer behaviour.
Research already underway at UCD Energy Institute, and through our collaborations with other
institutions, plays an important role in supporting many of these actions. This document sets out some
of the main areas of research that align to Climate Action Plan, showing the extent of research activity
and its relevance to the plan. We set out recommendations which support the plan as well as identifying
areas which are not covered under the plan but which will need to be addressed. Some of the areas
addressed include








Electricity system studies enabling higher levels of renewable electricity generation and storage
required to achieve the 70% renewable electricity target
Supporting the electricity network to accommodate the increasing number of electric vehicles,
heat pumps and microgeneration
Understanding consumer behaviour in terms of use of new technologies and accepting changes
to existing practices
Improved energy and resource use for buildings and industry applications, including data
centres
Understanding the long term (e.g. to 2050) impact of Climate Change on energy in terms of
wind, solar and water
Ensuring appropriate use and development of existing and future infrastructure
Examining appropriate financial structures to deliver investment

The expertise developed within the Energy Institute and our partner institutions will help deliver the
energy transition through improved knowledge and understanding of the issues and solutions, and a
strong pipeline of talent enriching the workforce.

3

2 Introduction
Climate change is the most significant challenge facing our world today, and the All of Government Plan
is a welcome focus to show how Ireland as a nation will seek to address this challenge. It is clear that a
cross government approach is required since the challenge crosses so many areas including energy,
transport, housing, health, community and more. This plan will shape the policy context in relation to
climate change, and we seek to highlight the important role world-class research has to play both in
Ireland and internationally.
The UCD Energy Institute brings together research from various disciplines to
address the research challenges facing the energy sector, in particular as we move
towards decarbonisation. We work closely with the energy industry in Ireland and
further afield, and have strong collaborations with research institutions across the
globe, ensuring we are at the forefront of energy research. Our main expertise is
in the general areas of energy systems, energy management and energy in society.
The flagship research programme of the Energy Institute is the Energy Systems
Integration Partnership Programme (ESIPP), funded by Science Foundation
Ireland, which brings together all aspects of energy systems into a comprehensive
research programme through academic collaboration with DCU, ESRI, NUIG and
TCD and industry partnerships with AIB, EirGrid, Ervia, ESB, Glen Dimplex and SSE.
This document aims to provide a flavour of the areas of research that are most aligned with the Climate
Action Plan, and to highlight some particular areas that we feel should also be addressed in parallel. It
does not attempt to provide a comprehensive overview of all the research activities in related areas as
this would require too much detail.

2.1

Multidisciplinary Team

The range of research activities underway within the UCD Energy Institute and across our Partner
Institutions addresses many different areas of the climate change challenge across multiple disciplines:
 Power Systems
 Gas Networks
 Climate and Weather
 Residential and Commercial Buildings
 Energy Economics
 Wastewater Treatment
 Transport infrastructure (railways, bridges, pipelines)
 Data Centres
 Market structures – incentives and risks
 Monitoring, hazard quantification and resilience of built infrastructure systems
 Consumer Behaviour
The collaboration with our partner institutions, in particular through ESIPP, ensures that the academic
team can focus on their own areas of expertise while drawing on the expertise of others to address
these important themes that are by nature multidisciplinary. Industry partnerships ensure that the
research is relevant to real world applications and helps meet some of the challenges associated with
the energy transition. These influences ensure that a new generation of researchers are able to set their
research in the wider context and will deliver better results in terms of real world application.
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2.2

Integrated Modelling: Energy Systems Approach

One of the main areas of focus of research through ESIPP is on the interaction between different energy
systems. By looking at these systems in an integrated manner we can improve our understanding of how
changes in one system may impact another system, for example by changing the timing of wastewater
treatment processes, the peak demand of the electricity system can be reduced, or by using the gas
network for storage, curtailment of renewable electricity can be decreased.
Energy industry players and policy makers must make many long-term decisions that may have an
impact on the energy system for many years to come. These include decisions on energy technology
investments, taxation, subsidy schemes and public infrastructure such as power transmission lines,
which also take into account consumer welfare. Strong modelling tools that accurately represent the
energy system are required in order to quantify the costs and benefits of each decision in advance and
to determine the correct decision. In the past, energy decisions were often taken on the basis of results
from isolated models, for example, a model of the electricity system that did not incorporate the gas
system.
This research looks at
Backbone Modelling Approach
development of integrated
models that consider
multiple energy systems in
an integrated manner rather
than focusing on individual
sectors in isolation. These
models bring together
research in the different
areas highlighted above
(building energy,
wastewater treatment,
consumer behaviour,
electricity networks, climate
and weather effects etc) to
look at a range of outputs
including total system costs,
The Backbone Model (UCD contributing to the development, led by
total carbon emissions, total
VTT, Finland) is an example of a modelling tool which can combine
use of each fuel type and
different aspects of energy systems and assess how changes in one
any external costs and
aspect of the energy system will impact the other parts.
benefits that accrue to
players outside of the
particular energy systems being studied.

The Backbone Model is an example of a modelling tool which can combine different aspects of energy
systems and assess how changes in one aspect of the energy system will impact the other parts. The
EMPowER modelling approach will provide the ability to model different scenarios of technology
deployment (onshore wind, offshore wind, solar PV, electric vehicles, heat pumps etc.) and assess the
emissions, system and cost impacts. These holistic approaches to integrated energy system modelling
helps to identify areas that can deliver significant benefits in support of long term planning.
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3 Carbon Pricing and Cross Cutting Policies
3.1

Our Strategy for Environmental Taxation

Understanding how taxation impacts behaviour will play an important role in the energy transition.
Research underway at UCD Energy Institute as part of ESIPP has looked at how vehicle tax reform in
Ireland impacted consumer choice in car pruchases, and how this relates to other factors such as
emissions.

3.2

Financing the Transition

Significant investment will be needed as we move to a decarbonised energy system. However, the risks
and uncertainties associated with new energy investments are not well represented in traditional
investment models. Ongoing research is looking at developing models of energy investment that
consider the inherent risk and uncertainty using Real Options Analysis (ROA), which is a known
technique in corporate finance but has been limited in its application to the energy sector. Research is
also underway assessing different hedging and support strategies to mitigate the risks associated with
ESI and future markets to achieve socially-optimal levels of integrated energy system investment.

3.3

Research and Development

We welcome the recognition in
the Climate Action Plan that
there is a need for scientific
evidence to underpin
Government policy and to
support the actions in the plan.
Continued funding for
programmes such as ESIPP will
help to ensure the availability of
scientific evidence to inform
policy decisions, while also
providing a pipeline of talented
researchers and creating an
environment for new concepts
for decarbonisation to emerge.

RESEARCH IMPACT CASE STUDY: NOVOGRID
Fundamental research creates new knowledge and contributes
to our understanding of the world around us and can provide
an important basis for evidence based policy. In many cases
fundamental research can lead to real commercial projects
and new spin-out companies, e.g., NovoGrid, with Prof.
Andrew Keane as one of the co-founders. The company is
focused on the development of smart control algorithms for
renewable generation which allows them to reduce energy
losses in the grid.
The idea for NovoGrid arose from research carried out in the
area of generation and losses on the distribution system. The
concept was brought through the UCD VentureLaunch
Accelerator Programme (2014 Winner) and the Enterprise
Ireland Commercialisation Fund.
NovoGrid’s technology is now installed in windfarms in Ireland
and the UK.
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4 Electricity

The electricity system corresponds to approximately 21%1 of our energy consumption in Ireland,
however with the electrification of heating and transport, and with the increase in data centres, this
share is set to increase. The continued integration of renewable generation into the electricity system
will be required if we are to ensure significant decarbonisation and progress towards net zero energy
systems.
The Climate Plan outlines commitments to achieve a net zero carbon energy system in 2050 for Irish
society and in the process create a resilient, vibrant and sustainable country. The plan is clear that
decarbonizing electricity is at the heart of the strategy of net zero carbon ambition for 2050. This must
be achieved in a situation in which electricity demand will increase in the order of 50% in the next
decade.
The Plan identifies that decarbonizing the electricity system is key to decoupling economic growth from
emissions growth and concludes that while action on energy efficiency can help offset some energy
demand growth, ensuring the deployment of increasing renewable generation capacity will be
fundamental to our success.
The recent decision by DCCAE to increase Ireland’s renewable electricity target to 70% by 2030 is a
welcome development and a statement of intent as to where Ireland is heading. Overall, Ireland has
performed quite poorly with respect to our 2020 energy targets. The one exception to this is the
renewable electricity target of 40% by 2020, which we will come close to achieving. The Energy
Institute’s collaborations with industry partners such as EirGrid, ESB and EPRI have played a significant
role in the progress made in renewable electricity and the achievement of the 70% target will require an
even stronger model of cooperation and engagement.
In recent years we have seen significant increase in the level of onshore wind generation on the
electricity system. As we increase the amount of renewable energy on the system there will be a wider
range of technologies with onshore and offshore wind, solar PV, microgeneration, storage etc. There has
1

https://www.seai.ie/resources/publications/Energy-in-Ireland-2018.pdf
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been increased interconnection with the UK and there are plans for more interconnection with both the
UK and France. These developments present challenges to the system operators in terms of system
security, system design and operation. There are a number of important issues that need to be
considered in relation to the safe and secure integration of renewable energy into the electricity system.
The research underway addresses some of these issues and will help contribute to increasing the
integration of renewable generation onto the power system.

Research underway in TCD through ESIPP looks at the energy use of data centres and is investigating
new methods of cooling to reduce the energy required, as well as looking at ways of utilising heat
produced from data centres.

4.1

Harnessing Renewable Energy

The Actions within the Annex of the Climate Action Plan highlight a number of steps which need to be
taken under each of the chapters. In relation to Electricity, there are a number of areas where UCD
Energy Institute is very well placed to support the Action Plan.
The development of the network (at transmission and distribution level) to integrate higher levels of
RES-E includes a number of steps as outlined in the Annex, including development of future energy
scenarios, understanding the existing capability of the electricity system and the expected needs of the
system under different energy scenarios.
New strategies for management of the system and the provision of system services from distributed
energy resources will impact the level of network development required. Research in this area is carried
out in close collaboration with ESB Networks and EPRI (the Electric Power Research Institute) and
includes:
● Understanding the implications of the widespread use of Distributed Energy Resources (DER),
including micro-generation and solar PV combined with storage and demand side capabilities,
with a specific focus on its ability to balance the provision of system services with local network
objectives.
● Identifying opportunities for local energy resources with a particular focus on the technical
needs of the consumer, distribution network and wider system. This understanding will
contribute to the planning and operation of energy systems.
● The development of new network management strategies integrated into renewable energy
resources, balancing customer requirements with those of the local network.
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EirGrid’s DS3 programme2 has sought to
address some of the challenges associated
with integration of renewables. Research in
UCD has contributed to these studies and
has helped inform the steps to be taken to
increase the level of renewable generation
allowed on the system at any given time.
The DS3 programme envisages 75% System
Non Synchronous Penetration (SNSP) by
2020, corresponding to a target of 40% of
our electricity coming from renewables on
average in 2020.

MAINTAINING THE BALANCE OF POWER
Damian Flynn’s group creates computer models to
figure out how best to manage power as the
proportion of energy coming from renewables
increases, without compromising consumers,
societies, economies and the environment.
“When you are operating the power system, you
need to be confident that it is reliable,” explains
Associate Professor Flynn. “A power outage is at the
very least frustrating for people when their lights and
appliances and computers go off, and potentially
damaging for businesses as well as key services such
as hospitals and transport.”

The new target of 70% of our electricity
coming from renewables will mean that at
times we will need to be able to
accommodate 100% renewables. Some of the main challenges with higher levels of renewable
generation, in particular from wind and solar, are in relation to the physical characteristics of the
electricity system, such as inertia, system frequency, and voltage control. The ongoing research helps
identify areas of potential risk and solutions to reduce or remove these risks.
The IEA Wind Expert Group Report on Recommended Practices: Wind/PV Integration Studies3, which
Prof Damian Flynn co-authored, provides recommendations on how to perform studies of wind and
solar PV integration.
Examples of areas of research focus within the UCD Energy Institute:
●

Understanding how the electricity system responds to different types of generation and users
on the electricity system.
● Identifying additional technical needs of the system with higher levels of renewable generation
and how to source the system support services required.
● High-level management procedures related to control power systems with high levels of
renewables.
● Market arrangements for systems with high levels of renewables and procurement of system
services.
● Reduction of lifetime operational costs via advanced analytics for energy prediction and early
detection and characterisation of downtime.
Offshore wind is set to very important in the context of meeting the 70% target. Although offshore wind
research has many aspects, from the electrical grid perspective one of the most pressing questions is
how to facilitate the significantly increased levels of non-synchronous generation. Research in the
Energy Institute is investigating the control schemes which could be used in order to maintain system
stability in the case of 100% generation from renewables. In particular, issues around the use of grid
forming controls, provision of emulated inertia and voltage and frequency support services are being
investigated. This is particularly important for offshore wind as it may represent large connections of
large non-synchronous generation at relatively few connection points. Other areas of interest include
the expansion of the electrical grid into offshore HVDC grids for more widespread harnessing and export
of offshore energy.

2

http://www.eirgridgroup.com/how-the-grid-works/ds3-programme/
https://community.ieawind.org/HigherLogic/System/DownloadDocumentFile.ashx?DocumentFileKey=35b7d8af038e-0e4b-3e13-bf7f178d021b
3
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4.2

Microgeneration

Microgeneration plays an important role in ensuring individuals can participate in the energy transition
and reduce the amount of electricity to be supplied by the grid. Widespread rollout of microgeneration
will require incentives and/or payment for energy supplied to the grid, as well as having a significant
impact on the distribution grid and its operation.
There are a number of research areas which feed into
the rollout of microgeneration as follows:
● Identifying appropriate tariff structures
which recognise the value of energy being
produced, while also ensuring equity and
fairness between those who can and can’t
afford to implement new technologies.
● Assessing the economic impacts of support
schemes for microgeneration technologies
● Identifying areas of expected uptake of
technologies under different scenarios of
growth.
● Understanding the network implications of
the widespread use of microgeneration and
the associated operational and management
tools.

4.3

Other Measures

With increasing levels of renewable generation providing electricity, the electricity system benefits from
complimentary technologies which can provide more flexibility to electricity system operators. Being
able to change the time of use for high energy users, or charging batteries at times of high energy
availability, provides additional tools which can help to manage the variability of energy production from
renewables, in particular wind and solar. There is a wide range of options, a number of which are being
researched through ESIPP and other projects within the UCD Energy Institute:

4.3.1 Storage
Energy storage can provide flexibility to the power system through the ability to use energy at times
where energy is readily available or cheap, and providing energy back to the system at times of need.
Research is underway looking at large scale storage from both technical and market perspectives,
including the suitability of energy storage to provide power system support services and to improve the
ability to schedule wind/PV within electricity markets. Storage in the energy system can take many
different forms from small scale batteries and thermal storage right up to using the natural gas network
for energy storage, which is an area being investigated in ESIPP.

4.3.2 Demand Response
Demand response refers to end users of energy reducing or shifting their electricity use in response to a
10

request or signal, and can be very useful for system operation. This can help reduce the need for new
generation facilities or power lines by reducing peak demand, as well as increasing demand when there
is more inexpensive or renewable energy available.
Demand response can take many different forms and research is ongoing into various elements of
demand response. Examples of areas being investigated are the demand response capability of
commercial buildings, residential consumers, industrial users and wastewater treatment plant. In order
to study these areas in detail we used detailed modelling tools and data analytics for processing large
amounts of data. Market arrangements, incentives and consumer behaviour all feed into understanding
the extent of the role demand response can play as we increase the levels or renewable generation on
the system.

4.3.3

Smart Technology Solutions

Part of the solution to how we use energy is
the area of smart devices. Many new
technologies are being developed and
understanding their interaction with the
energy system is of critical importance. The
recently built state of the art Integrated
Energy Lab (IE Lab) in UCD provides a
platform for testing and evaluating demand
side flexible resource technologies, multi
energy systems and their interaction with
the Distribution and Transmission Networks.
The lab forms part of the DERlab consortium,
which ensures that the lab is closely
connected with other similar labs across
Europe. The lab provides a facility to
accelerate technology driven solutions within
UCD and externally.

The Integrated Energy Lab at UCD Energy Institute in
partnership with EPRI provides a platform for translating
energy research up the Technology Readiness Levels,
bring research closer to real world deployment.

The areas of research focus include the
capabilities of the components directly connected to the grid including inverters and transformers, and
understanding their impact on the electricity network. Enhanced control from new technologies can
reduce the need for conventional generation and increase the level of renewable generation on the
system.

4.4

Forecasting and Monitoring

An area of increasing importance as the share of renewables grows is the ability to forecast electricity
generation and demand, and to understand the limitations of these forecasts. Short term forecasting is
essential in the day to day operation of the power system and feeds into scheduling and dispatch of
generation, as well as impacting the expected demand. Research underway is looking at improving
forecasting skill and simultaneously forecasting renewable energy supply and weather-driven demand,
along with early downtime detection and classification of root cause of such downtime in Irish wind
farms. Structural monitoring and related identification of systems (wind turbines, pipelines), damages or
other features of interest of the renewable energy assets (degrading over time) are essential to ensure
detection and mitigation of hazards over their lifetime and choosing optimized intervention options for
safe operation. Dynamical Systems and Risk Laboratory in UCD is particularly active in this area.
Long terms weather effects are also important in understanding intra-seasonal climate variability and
the variation in generation over the lifetime of investment, or for long term planning of infrastructure.
This is being addressed through ESIPP.
11

4.5

Social acceptance

As we move further to decarbonise our energy systems, there will be a need for new energy
infrastructure. Social acceptance of energy
The need to study and understand public acceptance is
infrastructure can be a real challenge as it can
increasingly recognised by a variety of stakeholders of
delay or sometimes even stop the build of
the energy transition. In a series of interviews with 21
infrastructure. Hence, it is essential to
stakeholders, a vast majority stressed its importance.
understand and address concerns of the public
"if you haven’t got the, that public or social
in general, local communities and other
acceptability, it’s difficult to bring these developments
stakeholders. This area of research activity
forward." (Business stakeholder)
aims to understand drivers of social
"It’s not just public acceptance, it’s also, you know, the
big utility companies are going to have to learn to deal
acceptance of energy infrastructure, and how
with a different world." (Government stakeholder)
this is related to consumers’ behaviour and
psychological drivers of social acceptance, such
as sense of community, how consumers
identify with changes, and “psychological
ownership”.
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5 Enterprise

Research in this area is primarily through ESIPP with our collaborators in Trinity College Dublin, NUI
Galway and Dublin City University. As part of this research activity, strong relationships have been
developed with different industry sectors to explore energy and resource efficiency.
Business and Industry are large consumers of energy and other resources. For many industrial
consumers the primary focus is the industrial process and not their energy use. In many cases the
savings associated with energy efficiency upgrades would not be sufficient to offset the loss of
production during the upgrade. Many Industrial energy consumers make investments based on short
time horizons, so investments in energy conservation would be expected to have a payback in a 3-5 year
time horizon in order for them to be attractive. Understanding the motivations behind these energy
users helps to understand where the most likely gains will be and where incentives may be appropriate
to promote change.
Another area of challenge is access to good measurement data for related to the energy and resource
consumption in a manufacturing system. In the absence of this measured data alternative approaches to
understanding energy and resource usage need to be explored.
In order to address some of the challenges, research is ongoing in the following areas:
●

●

●

Improved energy efficiency for large
energy consumers (e.g.
pharmaceutical plant) by facilitating
Energy Systems Integration at the
process level, through improved
monitoring and control algorithms.
Analysis of on-site renewable
electricity production and selfconsumption for manufacturing
industry in Ireland.
Water-Energy interactions in large
non-residential buildings, including
quantifying energy losses associated
with faults in building water
networks using a novel fault
detection, diagnosis and
optimization approach.

“This study suggests that the installation of PV and
wind power plant on manufacturing sites for selfconsumption would be attractive only with a long
Return On Investment period; a substantial subsidy
(e.g. carbon tax); and the technological
improvements yielding to a commensurate
reduction in CapEx. Achieving all three conditions is
probably unlikely, and so it is concluded that
distributed renewable generation for
manufacturing industry in Ireland does not make
economic sense in isolation.”
On-site renewable electricity production and self consumption for manufacturing industry in Ireland: Sensitivity
to techno-economic conditions, 2018; Journal of Cleaner
Production; Sgobba, A., and Meskell, C. (Trinity College Dublin)

The energy use of Data Centres is also something which has gained a lot of attention due to the
significant development of data centres in Ireland. As part of the research in ESIPP an economic
evaluation of future electricity use in Irish Data Centres has been carried out. Research is also underway
in developing a greater understanding of the drivers of energy consumption in data centres through
research into advanced cooling technologies, such as liquid cooling and heat recovery technologies.
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6 Built Environment
6.1

Building Standards, Retrofitting and Energy Efficiency

The main areas of focus for energy
in buildings are reduced energy
consumption, energy efficiency
and decarbonisation of energy
sources. Buildings contain many
energy systems (such as heating,
ventilation, etc.) that provide a
necessary service to meet
occupant comfort expectations
and health requirements.
Traditionally, the different systems
have been operated independently
and in a sub-optimal way. Current
research looks at integrating the
different building energy systems
to improve building energy
performance and using data
analytics to characterise and
optimise building energy use.

Energy Modelling for Energy Efficiency Improvements
GIS-based modelling will aid the local authorities or city planners to
identify priority areas for implementing energy efficiency measures
and further improve sustainable energy policy decisions.

Image courtesy of Usman Ali (ESIPP PhD student)
The figure below displays annual fuel use, costs and CO2
emissions across the various heating systems. Relative to the
other alternatives, Ground Source Heat Pump (GSHP) system is
superior in reducing fuel use, costs and CO2 emissions due to
its high efficiency.

From working draft “Uptake of Heat Pump Systems in Ireland: A Policy
Paper”, Tensay Hadush Meles and Lisa Ryan

Retrofit will play a significant role
in reducing the energy
consumption of our housing stock,
with improvements in insulation
and the use of heat pump
technology being highlighted in the
Climate Action Plan. Incentives,
consumer behaviour and
understanding the value of energy
efficiency improvements (e.g. in
terms of rental values) will be
important factors in behavioural
change and encouraging retrofit.
All these areas form part of the
current research programme in
ESIPP and the Energy Institute.
In the transport sector, climate
change is expected to significantly
affect the publicly owned networks
like roads and railways. UCD is
already working with Irish Rail on
an EU project investigating hazard
14

quantification, detection and mitigation through monitoring for the railway network in Ireland. UCD’s
existing engagement with the Irish roads indicate that the less-funded regional roads are often
vulnerable to exposure from natural hazards (flooding, scour issues for example) and require significant
investigation. In terms of built infrastructure for water, there are reports that leakage and damages in
pipelines can lead up to 50% loss of treated water and the mapping, analysis, monitoring and mitigation
of this pipeline will be a key focus in future as these pipelines degrade at a more rapid rate due to
climate issues in future. UCD is currently working on all these issues.

6.2

Sustainable Energy Communities

The UCD Energy Institute and ESIPP established the
UCD Sustainable Energy Community in 2018. The SEC
is a group of professionals, students and staff
members at the University College Dublin and is
supported by SEAI. Their goal is to engage and
educate the UCD community on sustainable energy
practices and research, with a view to reducing
carbon emissions in the local area.
The UCD SEC will coordinate with some of the other
SECs in other 3rd level institutions to share
knowledge, experience and lessons learned.
Interaction with the wider community where UCD
staff and students live and commute is also an
essential component.
The SEC also aims to use UCD as a place where
important energy research can be carried out
through testing approaches to energy management
and energy use. This will provide significant
opportunities to broaden our impact and to expand
our knowledge and that of people within the UCD
community.

6.3

Smart Finance

Actions 52 and 53 highlight the need for smart finance products to deliver energy efficiency upgrades.
This brings together some of the activities within the Economics and Business schools within UCD
looking at incentive schemes, financial products. Research has been carried out into the implications of
retail tariff structure and design for the policy targets of energy efficiency, renewable electricity
generation, demand response, in addition to electricity system cost recovery. The implications of
information asymmetry, split incentives and energy efficiency in the residential rental market have also
been investigated. Overall, understanding the drivers of behaviour and the impact of incentives forms a
core part of the research activity underway.
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7 Electrification of Transport

Transport is one of the main forms of energy use in Ireland and accounted for 19.8% of Ireland’s
greenhouse gas emissions in 2017. With the population of Ireland expected to grow by over 1 million
people by 2040, there will be greater demand for movement of people and goods. The Climate Action
Plan has identified the most cost-effective abatement opportunities for transport, identified in the
MACC, are in the electrification of transport and sets a target for 840,000 EVs and 95,000 electric vans to
be on the road by 2030.
The electrification of transport through EV uptake will have a significant impact on the electricity system
and this is an area of research focus within the Energy Institute. Particular areas of research focus
include:




Assessment of the effects of electric vehicles on the power system in terms of increased load,
sources of flexibility and potential for providing system services.
An analysis of the EV charging infrastructure has been carried out which provides a baseline for
understanding the needs of the system.
Research is underway into the uptake of EVs which will assist with the development of the
distribution network to support the introduction electric vehicles. This work is being carried out
in collaboration with ESB Networks.

Other aspects of transport research underway include investigations into alternative transport
modalities e.g., electric bicycles and new technologies, including motivations for adoption, and an
analysis of the scope for battery electrification of urban rail.
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8 Cross-Cutting Research
8.1

Water and Energy Interactions

An area that is not directly covered in the
Climate Action Plan is the significant
interaction between water and energy
systems. Large amounts of water are used in
energy production which places pressure on
water resources. As the climate changes this
pressure will become more pronounced in
some areas. At the same time large amounts
of energy are used in water treatment.
Wastewater treatment plant can provide
energy flexibility to the power system by
shifting load. Other areas of research
underway in ESIPP include lifecycle
assessment of wastewater treatment plant,
building-level water and energy interactions
and quantifying energy losses associated
with faults in building water networks using a
novel fault detection, diagnosis and
optimization approach. By reducing water
use there are significant opportunities for
savings in the energy required to treat, pump
and heat water.

Wastewater treatment plant providing
flexibility to the Electricity System

“Modelling demand-side flexibilities from wastewater treatment plants
in an integrated energy system” 2018; 29th European Conference on
Operational Research (EURO 2018) , Spain; Kirchem, D., Lynch, M.,
Casey, E.and Bertsch, V.

In general, whenever significant changes are made to various policy in relation to climate change we
look at the costs and also the impacts on emissions but rarely the impacts on water. Some of the
interactions to be considered include the following:
 Adapting water infrastructure to climate change will be a major challenge (e.g. combined sewer
and storm water systems).
 Water is the underpinning resource for all others. A key aspect of our success in attracting
multinationals is our availability of water and relatively good water quality.
 Changes to electricity production (specifically where biomass use is increased) will have
significant impacts on water.
 Where climate change leads to increasing dry periods Irelands economic future can be
threatened. We see the beginnings of this with water shortages in 2018. Any climate strategy
must invest in water efficiency to protect against this.
 Data centres and their use of water for cooling
 Domestic users and their use of electricity is linked strongly to hot water usage

8.2

Utilisation of the Gas Network

Decarbonisation of the energy system will need to take into account the role of gas and gas
infrastructure in the future energy system. The Climate Action Plan signals a ban on new installations of
domestic gas boilers from 2025 and a significant reduction in the amount of gas-fired generation for
electricity. This leads to the question of what should be done with gas network and how to ensure
diversity in our energy mix.
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Utilisation of Ireland’s Gas Network

This area is already being investigated
through ESIPP and the UCD Energy
Institute where opportunities around the
use of power to gas for the reduction of
renewable energy curtailment and the
use of gas networks for energy storage
across interconnected Energy Systems
are being investigated.
The inclusion of renewable gas in the
form of hydrogen and biomethane from
power to gas and digesters is also being
modelled and evaluated, examining the
variations that would occur in gas quality
and its impact on heat and electricity
production. This would increase the
amount of renewable energy in the gas
system which will still be in use beyond
2030.

8.3

Managing our Built Infrastructure

The need for a more resilient built infrastructure lifeline in the country is acknowledged in the public
discourse and has been a part of several EU and Irish governmental plans, but is not addressed directly
in the Climate Action Plan. Climate change and variability effects increase the exposure and burden of
natural hazards to built infrastructure and has direct effect on the daily life of communities and
commerce. Consider the roads, railways and water network in this regard, which is degrading over time
while the demand on them has been ever increasing and the budget to manage such infrastructure is
limited. To ensure that our infrastructure remain safe, operational, efficient and economically
competitive, sensor and data driven monitoring and analyses can be a disruptive game changer leading
to the identification and decision making around such systems in the most economical manner. The
collective increase of resilience of built infrastructure network is thus a core feature behind
understanding and combating climate issues.
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9 Citizen Engagement, Community Leadership and Just
Transition
9.1

Consumer Behaviour

Consumer behaviour plays an essential role across all aspects of the Climate Action Plan, including
the adoption of energy efficient technologies, reduction of their energy consumption, being more
flexible in the time of day they use energy and acceptance of new infrastructure and regulations aimed
at supporting this change. It is essential that consumers are involved in the decision making process and
social impacts should be considered more carefully. As such, technical, economic and social impacts of
changes are fully balanced and taken into consideration. In order to establish this balance, it is
important to understand the drivers and barriers of consumers’ behaviour and use these to design the
tools that can help to encourage change, including education, engaging, and incentives. Research
underway at the UCD Energy Institute looks at such drivers and barriers of consumer’s behaviour and
how this may be changed. For example, there is research done on the uptake of energy efficient
technologies, public acceptance of energy infrastructure and policies. Studies were done on how this is
influenced by information, labelling and the design of energy systems as well as by psychological aspects
such as trust, perceived fairness, identity and psychological ownership.

9.2

Education and Communication

UCD Energy Institute plays an important role in education and communication in relation to the
challenges associated with climate change, primarily in relation to the energy aspects of climate change.
Developing expertise: One of the core objectives of ESIPP is to build capacity in the area of energy
systems integration. There is a need for a talented workforce in the energy sector with an understanding
of the interactions and interdependencies of different energy systems. This will be essential as we
continue to decarbonise the energy system and look for new ways to improve energy efficiency and
make the best use of the energy available to us.
Third Level: As third level institutions, UCD, NUIG, DCU and TCD play important roles in educating
people for relevant roles in the future. Many of the academics and researchers within the UCD Energy
Institute and the other associated institutions are involved in teaching activities and project supervision
for undergraduate, masters and PhD students. The knowledge and experience of these academics is
passed on through these channels. Examples of courses being developed and delivered include the
Discovery Module on Energy and Climate Change (UCD), Energy in the 21st Century (TCD) and the
Sustainability Launchpad (UCD).
Schools: We are also active in the areas of education at school level through participation in school
visits, transition year modules, careers experience programmes and interactive demonstrations.
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UCD Sustainable Energy Community (UCD SEC): The UCD Energy Institute and ESIPP established the
UCD Sustainable Energy Community in 2018. The SEC is a group of professionals, students and staff
members at the University College Dublin and is supported by SEAI. Their goal is to engage and educate
the UCD community on sustainable energy practices and research, with a view to reducing carbon
emissions in the local area. The UCD SEC will also coordinate with some of the other SECs in other 3rd
level institutions to share knowledge, experience and lessons learned.
General Public/Industry Stakeholders: There are a number of platforms for sharing our research
activities and highlighting the opportunities and challenges associated with the need to stop climate
change, including conferences, workshops and seminars, as well as social media, website and other
communication channels.
Policy Makers: Through interaction with policy makers and development of Policy Briefings, the relevant
research activities can be communicated to the relevant channels in terms of providing evidence based
support for policy decisions. The types of channels range from international organisations such as the
International Energy Agency and international standards development groups, through to local
department officials and regulators.
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10 Recommendations
The UCD Energy Institute and associated research institutions are playing an important role in addressing
many of the challenges associated with Climate Change. This document highlights the contribution that
world class research makes to addressing climate change and contributing towards the Climate Action
Plan. ESIPP has developed a strong team executing multi- and inter-disciplinary research, which is an
essential approach in tackling the decarbonisation challenge. As we move forward we will build on the
expertise which has been brought together to address some of the areas that are critical to Ireland and
the world.
Increased Integration of Renewables
With increasing electrification of heating and transport, there will be more focus on having higher
levels of renewable electricity generation. As we have seen, there are a number of challenges
associated with the integration of renewables into the electricity system and the traditional ways of
operating the power system are changing. It is essential that rigorous analysis of impacts of changes
to generation, consumption and operation are analysed and tested to ensure the power system is
used and operated in a safe and secure manner. New technologies such as large scale development
of solar PV, offshore wind, power to gas, etc. will need to be assessed. Research in the area of
network stability, system services, demand response are all essential components to ensure the
continued integration of higher levels of renewables.
Energy Systems Integration for Efficiency and Cost Effectiveness
While system security is of paramount importance, it is also important to ensure cost effectiveness
and efficient use of infrastructure. By looking at the energy system in a coordinated and integrated
manner, increased efficiency can be obtained by taking a holistic view of energy systems. Continued
research into the interactions and interfaces between different energy carriers will help to improve
the use of existing infrastructure to the benefit of all consumers. This integration can occur across a
range of scales, from residential building level up to the interaction of gas and electricity
transmission systems.
Advancement of Smart Technology and Smart Grids
The increased use of smart technologies within homes, business and other uses, can provide real
system benefits when used correctly. New technology is required to enable the positive participation
of all stakeholders in the energy transition and the impact of these devices needs to be well
understood as the numbers increase and the impact on the electricity and communications
infrastructures become more pronounced. The development of state of the art Integrated Energy
Lab has strong potential to build on the existing knowledge in relation to deployment of smart
technologies.
Education and Awareness
Education has a fundamental role to play in promoting awareness and understanding of the
challenges and highlighting what individuals can do to play their part. Education is a core focus of
research institutions, ensuring the development of new capacity for delivering the requirements of
the energy transition. There is also a role in engaging the communities in which we operate through
initiatives such as the Sustainable Energy Community.
Impact of Climate Change on Infrastructure and Resources
The effects of climate change on our built infrastructure and water resources also need to be taken
into account. The collective increase of resilience of built infrastructure network is a core feature
behind understanding and combating climate issues. Adapting water infrastructure to climate
change will be a major challenge.
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Increased Evidence Based Policy
As we seek to address the challenge of climate disruption there will be significant need for policy
intervention, new regulations, incentives and support. All parts of society will play an important
role, from consumers to providers to policy makers. The introduction of new policies needs to be
evidence based to ensure there is trust in the process. Trust has been highlighted as a critical
component in public acceptance.
Continued Focus on Research
Research, development and demonstration will continue to play a critical role as we address the
challenges of climate disruption. National funding for research needs to be continued in the areas
where there is existing expertise and expanded to incorporate new ideas and thinking. Given the
urgency of the challenge, there may be a need for different approaches to funding projects.
Continued support of initiatives such as the TRAM will also play an essential role in ensuring
evidence based policy, while technical studies will assist the system operators with safe and secure
operation of electricity and gas systems.
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11 Appendix 1 – Sample Active Projects in the Energy Institute
ADEPT: This project addresses the development of new network management
strategies integrated into renewable energy resources, balancing customer
requirements with those of the local network. The inherent capabilities of
renewable resources offer a unique opportunities to network operators and to electricity customers in
terms of efficiency and cost reduction. This project is developing platform technology to develop and
ultimately realise these opportunities. Andrew Keane and Terence O’Donnell.
AMPSAS: AMPSAS (Advanced Modelling for Power System Analysis and Simulation)
is a €1.7m funded SFI Investigator Programme that will focus on the development
of novel analytical and computational tools to understand, efficiently design, and
optimize ever-changing modern power systems and smart grids, through model-based approaches.
AMPSAS will define new paradigms for transient, angle, frequency and voltage stability concepts and
study how the changes that power systems are undergoing modify the causes that originate such
phenomena and the effects they have on the system. Three aspects of power systems that have a
significant impact on renewable energy supply and power system operation are considered, as follows:
(i) the consideration of stochastic differential equations for modelling power systems which are subject
to large stochastic perturbations (e.g., wind and solar generation); (ii) the effect of controller and
modelling imperfections (e.g., delays, discontinuities, digital signals, etc.) on both local and area-wide
regulators in power systems; and (iii) the stability analysis of power systems modelled through
stochastic, functional and hybrid differential-algebraic equations (DAEs). Federico Milano
EMPowER: The EMPowER modelling approach is designed to provide analytical
support to the DCCAE-led Technical Research and Modelling Group (TRAM).
The EMPowER modelling approach goes beyond legacy energy systems
modelling with basic engineering parameters to examine with precision the effect of low-carbon
technology outcomes on both distribution and transmission networks. In addition, EMPowER explores
system costs and price impacts using market modelling that captures realistic outcomes under the
Integrated Single Electricity Market (I-SEM). Researchers apply production cost modelling using both
centralised, least-cost dispatch and non-least-cost dispatch principles to examine transmission-level
impacts of high renewables policy scenarios, whilst detailed distribution network power flows and
optimisation capture the effects of distributed generation and demand-side measures. Lisa Ryan,
Damian Flynn, Andrew Keane.
Energy Storage and Demand-Side Flexibility within Future Electricity Markets:
Energy Storage and Demand-Side Flexibility within Future Electricity Markets is a
€0.8m funded SFI (Science Foundation Ireland) Investigator Programme in
collaboration with Ulster University and 8 other industry partners.
The project aims at policy guidance for decarbonisation targets and aspirations between 2020 and 2050,
cost effective strategies for maintaining system security and stability, viable business cases for
new/existing market participants, and ultimately signposting pathway options for a sustainable,
efficient, secure electricity network that meets all end-user needs. The project will integrate complex
system models (market planning, dynamic technoeconomic plant performance, unit commitment,
network loadflow, system stability) to generate an all-encompassing and robust assessment of future
policy initiatives, energy storage needs, power system operating procedures and market structures. New
levels of modelling sophistication are required: planning & operational timeframes must merge to
create a power system which is sufficiently flexible to be operable, generation scheduling and system
dynamics must impact on investment decisions, increased load electrification must influence network
expansion and demand-side response opportunities. Damian Flynn.
ESIPP: The Energy Systems Integration Partnership Programme (ESIPP) is the
flagship programme of the UCD Energy Institute with €11m in funding, half from
Science Foundation Ireland and half from industry. ESIPP brings together a
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multidisciplinary, multi-institutional research team in Ireland with expertise in electricity, gas, water and
data, with the relevant industry partners to focus on building human capacity and to develop a national
coherent research activity in Energy Systems Integration. ESIPP brings together 5 different research
institutes (UCD, TCD, NUIG, ESRI and DCU), along with Industry partners and collaborators, to build the
capability needed to deliver an integrated energy system in Ireland.
Exploration of Air Source Heat Pumps for Ireland's Residential Heating Needs:
This €71,790 SEAI project aims to review the status of the research literature on
the use of air source heat pumps (ASHPs) and their operation in temperate
climates like Ireland. The project is due to start in January 2019 for one year. The proposal shows a gap
in the research literature on the efficient operation of ASHPs in the field. There is little publicly available
empirical data to assess the operation of ASHPs in situ. We propose an initial systematic literature
review to create a taxonomy of the available ASHP literature, data and models. We propose a field study
of ASHPs in use in the residential sector to gather ASHP operational data, accompanied by a consumer
attitudes survey. We will use the empirical data to assess any gap between the observed data and that
suggested by the manufacturers' technical operating sheets and create statistical models to explain this
gap. We will evaluate the consumer attitudes within a participative action research framework with a
view to identifying future ASHP research needs. We will summarise the study outputs in academic
papers and a final report with recommendations on installation and user operation guidelines. Paula
Carroll.
MIGRATE: MIGRATE stands for Massive InteGRATion of power Electronic
devices and is an EU-funded project under the framework of Horizon 2020. The
aim of MIGRATE is to find solutions for the technological challenges the grid is
currently and especially in future faced with. UCD is developing high-level management procedures
related to active power control and reactive power / voltage control in a power system with 100%
converter-based devices. Operational rules and ancillary services will be adapted from existing practice
or developed afresh to enable secure operation for the grid, and communications & IT infrastructure
requirements will be minimised to create, as far as possible, a passively stable system.
PANTERA: PAN European Technology Energy Research Approach (PANTERA) is
an EU H2020 project aimed at setting up a European forum composed of
Research & Innovation stakeholders active in the fields of smart grids, storage
and local energy systems, including policy makers, standardisation bodies and experts in both research
and academia, representing the EU energy system.
RESERVE: Currently large generators powered by fossil fuel turbines maintain
the stability and quality of energy supplies through their inertia. The inertia of
these generator-turbine groups gives providers a significant time window in
which to react to network events. We urgently need to find ways to stabilise energy systems with up to
100% RES (where inertia is often lost due to power converter mediated energy transfer) to generate
“RESERVEs” so that society can relax in the knowledge that it has a stable and sustainable energy supply.
RESERVE will address this challenge by researching new energy system concepts, implemented as new
system support services enabling distributed, multi-level control of the energy system using panEuropean unified network connection codes. Key UCD participants: Federico Milano, Andrew Keane.
Sim4Blocks: Sim4Blocks is a four-year, EU-funded project that focuses on the
development of innovative demand response (DR) services for residential and
commercial buildings. The project aims to maximise the use of renewable
energy at the block of buildings scale through demand response. UCD Energy Institute are working on
the development of thermal models in supply and demand analysis and predictions and integrating
these models in order to optimise the DR strategies. There are 17 partners involved in this project with
UCD Energy Institute receiving c€0.4m of the €3.7m funding from the EU. Key UCD participant: Donal
Finn
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SPINE: The project will create a toolbox for modelling integrated energy
systems, will cost over €3.7m with €3.6m funded by the Horizon 2020, of which
the UCD Energy Institute received €0.6m. The project is made up of 5 partners
in 4 different countries. The Spine project develops and validates an end to end modular set of open
source software tools for energy system modeling. Energy system modeling is the process of building
computer models of energy systems in order to analyse them. Spine will develop a tool box that will
enable open, practical, flexible and realistic planning of future European energy grids. The Toolbox is
suitable for both detailed modelling of complex features in energy systems as well as for large-scale
problems. Key UCD participants: Terence O’Donnell, Fabiano Pallonetto and Ciara Dwyer.
SYSFLEX: This Horizon 2020 project, led by EirGrid, aims to identify the longterm needs as well as the technical scarcities of the future power system. EUSysFlex is working to enhance the market and regulatory framework to
propose system and flexibility solutions. The project will ultimately create a long-term roadmap of
actions to facilitate the large-scale integration of new technologies and capabilities. Key UCD
participants: Damian Flynn.
Using blockchain to facilitate renewable power generation: forecasting,
hedging and tokenisation applications: The €409K funded project will run from
January 2019 to January 2023 with three PhD students. The research will
engage with various ways that emerging blockchain technologies may help to facilitate the integration of
renewable sources into the energy system. Three strands will be explored: the tokenisation of
renewable energy for peer-to-peer trading; the use of blockchain-hosted prediction marketplaces to
democratise forecasting for power systems; and using smart contracts to embed bespoke financial
instruments for hedging risks encountered by wind and solar developers. Key UCD participant: Paul
Cuffe
WINDPEARL: Robust Real-Time Wind Power Prediction and Early, Accurate
Estimation of Downtime for Irish Wind Farms in an Integrated Single Electricity
Market: The EUR 338k project will run from 2018-2021 and develop bespoke
analytics tools for better operations of wind turbine over their lifetime and will improve the energy
predictions. The project will use Irish wind farm datasets and create a first benchmark around their
performance. Key UCD participant: Vikram Pakrashi
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12 Appendix 2 – Listing of academic team and areas of
expertise
UCD Academics
Julie Byrne, Lecturer/Assistant Professor, School of Business. Corporate finance and international
finance. Dividend policy and corporate governance. Energy and environmental finance. Assessment of
costs and risks of financing renewable energy systems.
Paula Carroll, Lecturer/Assistant Professor, School of Business. Application of Business Analytics and
Operations Research techniques to solve real world business problems.
Eoin Casey, Professor, Head of School, School of Chemical and Bioprocess Engineering. Energy
Management, Chemical Engineering, Water-Energy Nexus, Bioeconomy, Wastewater Treatment
Paul Cuffe, Lecturer/Assistant Professor, School of Electrical and Electronic Engineering. Optimization
and analysis of electrical energy systems, urban transport electrification, blockchain and data
visualisation.
Mel Devine, Research Fellow, School of Elecrical and Electronic Engineering. Mathematical and
statistical modelling of energy markets. Game theory optimisation, operations research as well as
stochastic and risk based modelling.
Donal Finn Associate Professor, School of Mechanical and Materials Engineering. Building Energy:
Building demand management, Evaporative and radiant cooling. Natural/night ventilation. Energy
Systems: Integrated system analysis, carbon footprint analysis, heat pumps, transport refrigeration
systems.
Damian Flynn, Associate Professor, School of Electrical and Electronic Engineering. Operation of future
power systems incorporating renewable energy sources, Flexibility needs of the power system,
Provision of system support services.
Andrew Keane, Head of Energy Institute. Power systems planning and operation, integration of distributed
energy resources, distribution networks, transition to a smarter grid.
Eleni Mangina, Associate Professor, School of Computer Science. Energy Management, Data Analytics,
Artificial Intelligence, Intelligent Systems, Emerging Technologies (VR. AR, UAVs).
Frank McDermott, Professor, School of Earth Sciences. Late Pleistocene Climate Change and datamodel comparisons. Variability in the North Atlantic Oscillation (NAO) and other large scale
atmospheric circulation patterns during the past two millennia. NAO persistence patterns and the
implication for wind and solar energy production in Western Europe.
Federico Milano, Professor in Power Systems Control & Protection, School of Electrical and Electronic
Engineering. Power system modelling, control and stability analysis, stochastic and functional
differential algebraic equations, and software architecture and parallel computing for power system
analysis.
James O’Donnell, Lecturer/Assistant Professor, School of Mechanical and Materials Engineering. Whole
Building Energy Simulation Modelling Interoperable Building Information Models (BIM) and processes
to support optimum building operation. Life cycle performance analysis of buildings
Terence O’Donnell, Associate Professor, School of Electrical and Electronic Engineering. Power
electronics converters in power systems. Low frequency AC as a transmission technology for offshore
wind, the role of solid state transformers in the distribution grid, virtual synchronous machine control
for inverters and the development of real time simulation with power hardware in the loop.
Cathal O'Loughlin, Research Engineer. Electrical machines, power electronics, Distributed Energy
Resources and Real Time Implementation.
Vikram Pakrashi: Data analytics, Risk and Reliability assessment, Dynamical Systems, Monitoring,
Maintenance and Management of Built Infrastructure, Sensors
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Lisa Ryan, Lecturer/Assistant Professor in Energy Economics, School of Economics. Application of
economic analysis to energy supply and demand and policy design. Adoption of energy technologies by
consumers.
Geertje Schuitema, Associate Professor, School of Business. Complex societal issues, for example
around energy, transportation, and the use of raw materials. Research processes in interdisciplinary
projects and the role that social sciences play.
Alireza Soroudi, Research Fellow, School of Electrical and Electronic Engineering. Smart grids, Future
Distribution Energy Management Systems (EMS), Optimization of energy networks (operation and
planning).
Conor Sweeney, Lecturer/Assistant Professor, School of Mathematics and Statistics. Numerical
Weather Prediction, Probabilistic forecasting, Statistical post-processing, Forecasting for Energy
Systems Climate modelling, High Performance Computing.
Eoin Syron, Assistant Professor, School of Chemical and Bioprocess Engineering. Natural Gas processing
technology, Increasing energy efficiency through the smarter use of natural gas, Energy Storage,
Sustainable low energy technologies for water and wastewater treatment

Academics at Partner Institutions
Eoghan Clifford, Lecturer Civil Engineering, College of Engineering and Informatics, NUI Galway.
Wastewater and water engineering and the development of tools and sustainable technology that can
improve outcomes in these sectors.
Brian Corcoran, Assoc. Prof Brian Corcoran, Mechanical and Manufacturing Engineering, DCU.
Sustainable Water Systems, Sustainable Energy Systems, High Purity Water Systems, Wireless
Environmental Sensors and Lab-on-a-Chip projects.
John Curtis, Associate Research Professor, ESRI, Dublin. Residential energy efficiency but has also
covered topics related to renewables integration and emissions, including work of the North Atlantic
Oscillation (NAO) weather system on the electricity market and emissions.
Eleanor Denny, Associate Professor, Economics, TCD. Behavioural Economics; Energy and Climate
Change; Energy Efficiency; Environment, Natural Resources Economics; Renewable energies.
Lorna Fitzsimons, Assist. Prof Lorna Fitzsimons, Mechanical and Manufacturing Engineering. Energy
efficient desalination, Energy efficiency in wastewater treatment plants, Exergy analysis of water
treatment and purification processes, Life-Cycle Assessment and Life-Cycle cost modelling of water
treatment processes.
Muireann Lynch, Research Officer, ESRI, Dublin. Power system economics, risk and uncertainty in
electricity generation portfolios, electricity market design and regulation.
Craig Meskell, Associate Professor, Dept. of Mechanical & Manufacturing Engineering, TCD. Power
generating and energy conversion applications; flow-induced vibration in nuclear steam generators;
flow-induced noise in gas heat exchangers; system identification for wave energy conversion devices;
modelling of flow-induced vibration in large, commercial scale wind turbines; and energy efficiency
through optimized compressed air use in industrial scale manufacturing sites.
Garret O’Donnell, Assistant Professor, Dept. of Mechanical & Manufacturing Engineering, TCD.
Advancing the scientific understanding underpinning advanced manufacturing technologies in sectors
such as medical devices, automotive and aerospace sectors. Characterisation of measurable
phenomena in materials processing spanning length scales and spanning domains from machining to
energy and resource consumption at factory systems level.
Tim Persoons, Ussher Assistant Professor, Dept. of Mechanical & Manufacturing Engineering, TCD.
Multi-scale convective heat transfer in electronics thermal management systems using unsteady flows,
active flow control for sustainable energy devices, and developing experimental thermo-fluid
measurement techniques.
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