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Electrification of residential heating and investment in building energy efficiency are central pillars of many
national strategies to reduce carbon emissions from the built environment sector. Ireland has a strong depen-
dence on oil use for central heating and a substantial share of homes still using solid fuels. The current national
strategy calls for the retrofitting of 400,000 home heating systems with heat pumps by 2030, principally
replacing oil fired heating systems. Displacing natural gas, oil and solid fuel boilers with heat pumps will have a
favourable impact on climate outcomes. However, the impact on air pollutant outcomes is far more favourable
when solid fuels are replaced, and the positive impact on ambient air quality is much enhanced where
concentrated clusters of solid-fuel use are targeted. This research spatially analyses emissions and air pollutant
concentration outcomes for both targeted and non-targeted deployments of heat pumps and shows that a focused
deployment of just 3% of the national heat pump target on solid-fuel homes could offer similar progress on
climate goals but with a substantial impact in terms of reducing air pollution hot spots. For the Irish residential
heating season (October—March), the targeted solid fuel scenario delivers average PM, 5 concentration decreases
of 20-34%. This paper shows that these targeted communities are often in areas of relative deprivation, and as
such, direct support for fabric retrofitting and heat pump technology installation offers the potential to simul-
taneously advance climate, air and just transition policy ambitions.

1. Introduction

greenhouse gas emissions by at least 40 percent by 2030 as compared
with 1990 levels while discussions are ongoing to increase this level of

Climate policy and air pollution policy are inextricably linked
through the many common sources and activities that give rise to
emissions of both. Occasionally, there are trade-offs between climate
and air policy (Williams, 2012). However, more often than not, there are
synergies (ApSimon et al., 2009). A sensible ambition for policymakers
should be to harmonise and integrate actions across multiple political
priorities such as climate change, air quality, just transition and other
domains where possible. Such broad perspective policymaking is clearly
articulated in the European Green Deal (EC, 2019) and broader global
strategies such as the UN Sustainable Development Goals (UN, 2015).
The European Green Deal includes commitments to reducing

ambition to 55% as part of the EU goal to be climate-neutral by 2050
(EC, 2021). This builds from the earlier EU Roadmap to 2050 which
committed to reducing greenhouse gas emissions to 80-95% below 1990
levels by 2050 (EC, 2011).

Despite these noble objectives, in the recent past, there have been
failures in policy design that have resulted in a more narrowly focused
ambition in one context contributing to adverse outcomes in another. In
the transport sector, in many member states across Europe, the
encouragement of vehicles with lower carbon emissions per kilometre
saw strong growth in diesel vehicle numbers with clear knock-on im-
pacts on diesel-fleet growth (Leinert et al., 2013). Diesel vehicles have
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lower CO5 emissions per kilometre than petrol vehicles, but higher
emissions of particles and NOx'. Moreover, a higher fraction of NO; is
directly emitted, which is relevant to NO; air concentrations close to
roads (Anttila et al., 2011; Casquero-Vera et al., 2019). This ‘diesel-
isation’ of the fleet has led to poorer air quality around Europe in highly
trafficked areas (Hooftman et al., 2018). In the European Union in 2018,
95% of all NO, annual mean air concentrations that were above the
corresponding limit value in the legislation (AQD, 2008) were observed
at traffic stations (EEA, 2020). In a similar vein in the transport sector,
EU biofuels policy (EC, 2009a) required that 10% of transport fuels
should come from renewable sources by 2020 as part of the effort to
reduce associated net climate emissions. This has typically been imple-
mented with a 10% biofuel blend which has, in turn, proven contro-
versial where it has incentivized indirect land use change (ILUC), e.g.,
where tropical rainforests in Indonesia have been cleared to plant palm
trees whose oil is ideal for ethanol. In these cases, policymakers have
subsequently reacted to address these conflicts (e.g., additionally rec-
ognising NOy as part of vehicle taxation policies, and by recognising
ILUC as an impact). However, legacy impacts are still apparent.

In the context of the built environment, there have been similar
conflicts between climate and air policy. The 2010 EU mandated, Na-
tional Renewable Action Plans to 2020 (EC, 2009b), set legally binding
national targets for contributing to an EU-wide target of 20%
renewable-sourced energy in Final Energy Demand by 2020. Related to
this, biomass combustion in the residential heating sector has been
promoted as a ‘climate-friendly’ policy (Monforti-Ferrario and Belis,
2018) and has since made up most of the sector’s stated renewable en-
ergy use, despite the risk of adverse impacts on air pollution outcomes,
and the questionable long-term climate neutrality of mass adoption of
biomass burning (Cordell et al., 2016; Schulze et al., 2012). In detail,
19.5% of energy for heating and cooling across the EU in 2017 came
from renewable sources, and 83% of this was from solid biomass
(Enerdata, 2021). The linked directional effect on air pollutant emis-
sions in the EU is upward pressure on NOx, PM;(, PM; 5 and VOC,? and
downward pressure on SO, (Capizzi et al., 2019).

The objective of this paper is to assess and discuss an opportunity for
synergistic policy design across climate, air, health and just transition
policy goals. In this case, it is not that the displacement of oil-fired
heating systems with air source heat pump (ASHP) technology is
harmful for air pollution outcomes and ambient air quality. Rather, it is
that a climate focused policy, absent any spatially targeted refinements,
foregoes the clear opportunity to reduce simultaneously national air-
pollution emissions, and to remove, or reduce, relative hotspots of
ambient air pollution in communities most affected by emissions to air
from residential heating. ASHPs are a common element internationally
in many contemporary residential retrofit strategies for climate policy,
and with good reason. They offer an efficient, clean, economic, electri-
fied form of home heating that is unconstrained by gas and fuel-delivery
infrastructure. The ASHP coefficient of performance is such that
approximately three units of heat are delivered to a building for every
unit of electricity input. In our case country of Ireland such systems are
quite suitable for the relatively mild Irish climate in which the number of
days per year where temperatures are negative are limited (Met Eireann,
2022).% Paired with an increasingly decarbonised power sector, the

1 NOx = NO, + NO.

2 p.m.,5 — Particulate matter with a diameter of 2.5 pm or less; PM;, - Par-
ticulate matter with a diameter of 10 pm or less; VOC = Volatile Organic
Carbons; SO2 — Sulphur dioxide.

3 There is a minor efficiency penalty when ASHP’s are operating in negative
Celsius ambient temperatures. However, auxiliary heating can be used to sup-
plement room temperatures as necessary. In general, given that homes which
install heat pumps must have a low heat loss indicator, we assume that the
types of auxiliary heating are more likely to be on demand electrical heating
systems, which are compatible with an airtight home.
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technology therefore offers many advantages from a climate policy
perspective. However, the focus of this research is not on the merits of
the existing strategy to retrofit 400,000 ASHPs in Ireland. Instead, this
paper seeks to highlight an opportunity for such international climate
policy goals to refocus their policy design so as to simultaneously
address multiple policy priorities across climate, air, health and a just
transition. Specifically, through an evidence-based targeting of their
deployment.

This paper is structured as follows. Section 2 offers a more detailed
context for the case study as applied to the residential heating sector in
Ireland. Section 3 describes the scenario design and analytical meth-
odology, as well as the spatial assessment and modelling of emissions
and air pollutant concentrations. Section 4 presents the results of the
analysis, whilst Section 5 clearly defines the implications and recom-
mendations for policy design. Section 6 concludes.

2. Context

The use of solid fuel for heating in the residential sector remains a
relevant source of both carbon and air pollutant emissions in many
countries. Solid fuel use has averaged 20% of total final energy demand
in the residential sector across the EU between 2010 and 2018, albeit
there is a substantial variation observed in the levels across individual
member states, ranging from 46% in Poland to just 4% in the
Netherlands. Fig. 1 presents the percentage shares of residential sector
final energy demand for biomass and coal/peat for each of the 28
countries of the EU (EU28) in 2018. The levels of solid fuel use for the
top six countries (Poland to Czechia) have been steady or rising to 2018
and this presents serious public-health concerns whilst also representing
a substantial source of climate emissions. Biomass makes up the bulk of
the solid fuel in most countries, with the exception of Poland, Czechia
and Bulgaria, where coal use remains dominant. In our case country of
Ireland, peat and coal are the main solid fuels used. Irish data for 2016
shows the share of solid fuel systems for residential heating (in partic-
ular coal and peat) were relatively high at 14% (SEAI, 2018).

In the EU28 in 2018, 54%, 41%, 44%, and 37% of the primary
emissions for the pollutants PMys, PM;g, CO and BC* respectively,
resulted from energy use in the built environment (residential, com-
mercial, and institutional) sector. This is also the sector with the lowest
reductions in air pollutant emissions (with the exception of SOx”) since
the year 2000 (EEA, 2020). The air pollutant with the highest impact in
terms of premature deaths is PMy 5. The European Environment Agency
(EEA) has estimated 374,000 premature deaths in 2016 (EEA, 2019) and
379,000 in 2018 (EEA, 2020) for the EU28 due to long-term exposure to
PM, 5. There are also other broader negative impacts such as morbidity,
productivity loss, and greater health expenditure, and these additional
costs are expected to further increase with an ageing population. The
health effects are not only on the respiratory and cardiovascular systems
(Hoek et al., 2013; Holst et al., 2018; Raaschou-Nielsen et al., 2013), but
also include neurological effects (Oudin et al., 2016, 2018) and even
effects on birth weights (Olsson et al., 2020). Moreover, there is evi-
dence that ambient concentrations of particulate matter can exacerbate
viral infections (Ciencewicki and Jaspers, 2007; Croft et al., 2018, 2020)
which may have further relevance in the context of the COVID-19
pandemic and potential future challenges of a similar nature.

Most EU Member States report PM; 5 observations below the Euro-
pean Air Quality Directive annual limit value of 25 pg/m® (AQD, 2008),
but 70% of the AQ stations in Europe report annual observations above
the World Health Organization (WHO) 2005 annual guideline of 10
pg/m?> (EEA, 2019). This WHO guideline has very recently been updated
and is now set to 5 pg/m3 (World Health Organization, 2021). This
guideline is based on evidence with high or moderate certainty of an

4 CO - Carbon monoxide; BC — Black carbon.
5 SOy — Sulphur oxides.
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Fig. 1. Individual country solid fuel use in the residential sector in the EU in 2018. Data for chart from (Enerdata, 2021).

association between the pollutant and a specific health outcome. Recent
exposure-response studies have been conducted at very low particulate
concentrations and have found no evidence of a cut-off point of ‘no ef-
fect’ on health. For example, in the framework of the ELAPSE® project,
Brunekreef et al. (2021) concluded that “the shape of the associations
with natural-cause mortality showed steeper slopes at lower exposures,
with no evidence of concentrations below which no associations were
found for PM; 5, BC, and NO,.” Moreover, long-term exposure to levels
of air pollution below the EU limits are associated with the development
of chronic obstructive pulmonary disease (Liu et al., 2021a), asthma (Liu
et al., 2021b), and lung cancer (Hvidtfeldt et al., 2021b) and this is all
possible below the 2005 WHO guidelines. Moreover, regarding PM 5
and its composition, research concluded that PMj 5 originating from oil
combustion, biomass burning, and secondary inorganic aerosol forma-
tion is connected to an increased risk of lung cancer (Hvidtfeldt et al.,
2021a). Even in the Nordic countries, which report comparatively low
annual mean concentrations that are usually below the European Air
Quality Directive annual limit (and below 2005 WHO guidelines),
ambient air pollution is still identified as one of the main public health
risk factors (Lehtomaki et al., 2018). The economic costs of air
pollution-related deaths in Denmark, Sweden, Finland, and Norway in
2015 were estimated to be €7 billion (Im et al., 2019).

Ireland, like the Nordic countries, does have comparatively low
PMS, 5 concentration levels (EPA, 2020). The PM5 5 measurements in the
Air Quality monitoring network have generally stayed below the EU
annual limit value of 25 pg/m> and, by 2017, Ireland had achieved the
national exposure reduction target of a 10% decrease of the 3-year mean
in background stations between 2011 and 2020 (EPA, 2018a). However,
in the estimate of premature deaths attributable to PMjy 5 referenced
above (EPA, 2019), the specific estimate for Ireland of 1100 premature
deaths in 2016 remains a concern. The Irish Environmental Protection
Agency (EPA) in their annual Air Quality Assessment reports (EPA,
2020) have used their monitoring network data to establish a clear
connection between high concentrations of PM3 5 and solid fuel burning
for home heating. In 2019 the EPA Ambient Air Quality Monitoring
(AAMP) network of monitoring stations has been expanded by 24 to
comprise 84 stations nationwide, and of these 30 stations monitored
PM; 5in 2019. Measurements across these stations in 2019 show that the
relatively high annual limit value was never breached, although 5 of the
30 stations had values above the prior WHO annual AQG (annual
guideline of 10 pg/m®). The WHO daily guide value (25 pg/m>) was

® ELAPSE stands for Effects of Low-Level Air Pollution: A Study in Europe.

breached on a number days at most of the stations (EPA, 2020).”

Fig. 2 presents the chemistry transport model (CTM) EMEP (Simpson
et al., 2012) surface air concentrations of the gridded-average PMy 5
annual mean concentrations for the year 2015 in Ireland. The maximum

Surface PM25, 2015 scenario
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Fig. 2. Modelled surface PM, s annual mean concentrations (ug/m>) for the
calendar year 2015 (O Broin et al, 2019). Map created with EMEP
model simulation.

7 We note that Indoor air quality is also relevant to health impacts of air
pollution, and indoor air pollution is associated with both the levels of outdoor
ambient air quality, and the indoor heating and cooking sources (Salthammer
et al., 2014; Vilcekova and Nejadkoorki, 2011). However, data are unavailable
in the context of this current study which deals with outdoor ambient air
quality only.
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grid value is 10 pg/m® and the national mean is 4 pg/m®. The contri-
bution of secondary organic production of PMy 5 is negligible in the
model as compared to direct-emission sources; thus, the highest con-
centrations (orange and red colour) are found near the main sources of
the direct emissions of pollutants, i.e., roads, residential areas, and in-
dustrial facilities. The elevated PM, 5 annual mean concentrations are
generally found in areas of significant population density.

Fig. 3 shows the PMy 5 surface annual concentrations derived from
residential heating emissions i.e., the difference with Fig. 2 is that all
non-residential sector emission sources have been removed. We can
observe agglomerations with contributions of 1.5-2 pg/m? to the total
PM; 5 concentration. Interestingly it is not the cities e.g., Dublin and
Cork that stand out in Fig. 3, rather it is mostly a grouping of midland
towns, which have we have encircled in green.8 Within the green circle
are the towns in Co. Westmeath (Athlone), Co. Longford (Longford
Town), Co. Offaly (Tullamore) and Co. Laois (Portlaoise) as well as other
towns that have populations greater than 5000. The latter includes
Mullingar in Co. Westmeath, Edenderry, and Birr in Co. Offaly, Portar-
lington and Mountmellick in Co. Laois, Ballinasloe in Co. Galway, and
Roscrea in Co. Tipperary. Examining Fig. 2 it can be observed that these
towns are also relative ambient air pollution hotspots within the broader
Irish context.

The transition away from solid fuels in the residential sector is of
clear relevance to air quality and human health, and there are many
factors to consider which influence residential home heating fuel choices

Surface PM25; (reference - reference NoHeating) scenario
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Fig. 3. Modelled Residential sector surface PM, 5 annual mean concentrations
in 2015. Map created by subtracting concentrations resulting from stationary
combustion in industry and public power from the total shown in at Fig. 2.
Green circle delineates area with higher incidence of ‘hot-spot” PM, 5 concen-
tration towns, including county towns of Co. Longford, Co. Westmeath, Co.
Offaly, and Co. Laois.

8 The green circle in Fig. 3 has a diameter of approximately 100 KM meaning
that it covers an area of 7850 KM? and stretches East West from Edenderry to
Ballinasloe and North to South from Longford to Roscrea.
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(Fuetal., 2014). Much of the anticipated change in residential heating is
now being driven by climate policy, and this is clearly in evidence in our
case country — Ireland. The national climate action plan (DECC, 2021)
sets an ambition to electrify residential heating systems in some 600,000
homes across Ireland by 2030, relying predominantly on ASHP tech-
nology. The current national policy goal in the climate action plan in-
cludes 400,000 ASHP retrofits into existing homes, with an initial focus
on oil-fired heating systems. These are recognised as an ideal target for
the retrofits due to the potential energy cost savings, space to accom-
modate the required technology (in place of an oil tank), and other
factors (Kelly et al., 2016).

Census data shows that oil fired heating systems account for
approximately 40% of the residential heating market in Ireland and
primary solid fuel heating accounts for 12% (SEAI, 2018). The Irish
government’s retrofitting policies are highly ambitious and labour
intensive, and thus can only happen on a phased basis given the scale of
action and the costs (state, private and transactions) involved. This
paper analyses the potential for prioritising certain ASHP retrofits based
on a targeted approach such that comparable climate outcomes are
achieved, whilst additional air pollutant emission reductions and lower
ambient air pollution concentrations are delivered. The objective is to
identify specific air-pollution ‘hotspot’ communities to enable spatial
targeting of heat pump retrofits that can deliver on climate ambitions,
whilst also delivering annual average ambient air-quality improvements
and greater support to a just climate transition. The approach and
findings will be of relevance to a broader international policy audience
as they invest to deliver on their own stronger climate action strategies
in the coming years.

3. Methodology

This paper simulates air pollutant and greenhouse gas emission
outcomes from the Irish residential sector by 2030 in two alternative
scenarios for the deployment of the 400,000 ASHPs that are planned to
replace existing fossil fuel-based heating technologies across Ireland.
The objective difference between the scenarios is that in the second
scenario the deployment of the ASHPs is designed to target ambient air-
quality hotspots, in order to address multiple policy goals simulta-
neously. Specifically, that scenario is analysing and quantifying how a
partially targeted approach to the ASHP retrofit deployment, can offer
greater reductions in national air-pollutant emissions, an improvement
in ambient air quality, further support for a just transition and improved
health outcomes for citizens in the identified residential air pollution
hotspots.

3.1. Scenario 1

In the first scenario, the 400,000 ASHPs are deployed throughout the
country to replace 80% oil, 10% gas, 5% solid fuel, and 5% electric
heating systems. This corresponds to replacing 320,000 oil boilers,
40,000 natural gas and 20,000 each of solid-fuel and electric systems.
The 80% proportion of oil boilers is chosen because the dominant resi-
dential heating types in Ireland are either oil or gas systems, repre-
senting almost % of the household heating systems as of the 2016 census
(SEAI, 2018). As the policy explicitly prioritises installing ASHPs in
place of oil fired systems, and as research has indicated a far stronger
economic case for oil households to install an ASHP relative to a
household using gas (Kelly et al., 2016), we elect to assign the majority
of the ASHP retrofits against oil fired systems. Table 1 presents census
data for the residential heating-energy carrier numbers in Ireland in
2016. It is assumed that the ASHPs are deployed in a range of dwellings,
e.g., detached, semi-detached and bungalows. The small proportion of
electric and solid fuel boilers is to reflect the smaller share of these two
energy carriers in the housing stock, e.g., <150,000 electric heating
systems in 2016 (Table 1).

The Sustainable Energy Authority of Ireland (SEAI) have two criteria
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Table 1
Census data on number of home heating boilers in Ireland in
2016 (SEAL 2018).

All Dwellings 1,697,665
No central heating 23,174
oil 686,004
Natural Gas 569,166
Electricity 146,302
Coal 86,611
Peat 90,029
Liquid Petroleum Gas 9990
Wood (incl. pellets) 33,976
Other fuels 11,068
Not stated 41,345

for a grant subsidy to install an ASHP which are relevant to expected
ASHP deployment and uptake rates in the market. Specifically that the
dwelling has been built before 2011 and that it has low heat loss (SEAL
2020a). Although not exact, we use a proxy for low heat loss, and assume
that low heat loss is the case where the dwelling has an Irish Building
Energy Rating (BER) of B2” or better. Thus, when replacing the defined
numbers of boilers with ASHPs for each energy carrier in the scenario,
we start with the dwellings built before 2011 that have the highest level
of energy efficiency i.e., a BER of A. A record is made of the number of
dwellings for each BER category in which an ASHP is then deployed (See
Table 6). However, in this scenario there is no spatial targeting for the
deployment of heat pumps, rather our approach parses a database of
Irish dwellings looking for 320,000 dwellings with oil boilers, 40,000
dwellings with natural gas boilers and 20,000 dwellings each with
solid-fuel boilers and electric storage heating systems whose BER’s are
closest to B2. The resultant spatial distribution of heat pumps in Sce-
nario 1 is thus dependant on where the most efficient dwellings are
currently located rather than any other geographic factor. For those
deployed in dwellings with a BER of less than B2, the extra retrofit in-
vestment needed to make them ‘ASHP-ready’ is also estimated (see
Section 5.1). The calculated outcome from Scenario 1 is the reduction in
greenhouse gas emissions and air-pollutant emissions from the
replacement of all four categories of boilers with ASHPs. It should be
noted that this approach of targeting homes with higher BERs and oil
systems will deliver more conservative outcomes in terms of emission
reductions as well as lower costs per house, than a strategy which tar-
geted the worst performing homes, which would require substantial
fabric retrofit costs to prepare for heat pump technology, but which
would offer greater emissions abatement potential (see Table 5).

3.2. Scenario 2

In the second scenario the deployment of a proportion of the ASHPs
is targeted to areas of the country with higher-than-average annual
average concentrations of PMy 5. Figs. 2 and 3 are used to identify these
areas of the country where the ASHP deployment in Scenario 2 could
target relative air pollution hotspots. On review of the sectoral spatial
emissions inventory data, it is clear that the higher concentrations of
PM, 5 in these towns are primarily due to the use of solid fuels for pri-
mary and secondary heating. Thus, the maps have somewhat revealed
the means to target ASHP deployment to address ambient air pollution
hotspots. For County Offaly, for example, Tullamore, Birr, Banagher and
Edenderry are identified, and for County Westmeath, Athlone and

9 A Building Energy Rating (BER) certificate indicates a dwelling’s energy
performance and is similar to the energy label for household appliances. The
system in Ireland has been created by the SEAI and a certificate rates the energy
performance of a home on a sliding scale of A-G with an A rated house being the
most energy efficient. An A rated house has a unit consumption of 25 KWh,/m?/
year while a G-rated has 450 KWh/m?/year. A B2 BER correspond to a unit
consumption of 100 KWh/m?/year.
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Mullingar are shown. An inventory of the boilers in all of the Midland
towns circled in Fig. 3 has been created using data from Kelly et al.
(2016). It shows that there are 2411 coal boilers, 7518 peat boilers, and
789 wood boilers i.e., 10,718 solid-fuel boilers across all of these
towns'’. In the targeted scenario 2, all of these 10,718 boilers are
replaced with ASHPs. This results in just 9282 (20,000-10,718)
solid-fuel boilers which are then replaced across the rest of the country
(without targeting) and the same 320,000 oil, 40,000 natural gas, and
20,000 electric boilers. Thus, in both Scenario 1 and Scenario 2 the same
proportions of oil, natural gas, solid fuel, and electric heating systems
are replaced. The difference is simply the refined targeting of 10,718
specific solid fuel boilers.

For both scenarios, we require estimations of the total annual
emissions of CO,, CO, NH3, NOx, PM5 5, PMcoarse, SOx, and VOC. CO,
emissions are relevant for climate policy implications (i.e., the level of
sectoral CO; emissions). The other emissions are needed as inputs for the
CTM model in order to estimate the impact on PM, 5 air concentrations
of the two scenarios relative to the reference simulation for 2015.
Emissions of residential sector CO5, PM; 5 and SOy are estimated in this
work using the model described in Section 3.3 and Section 3.4, while the
emissions of other pollutants and sectoral emissions are taken from the
official emissions as reported to the UN through the Convention on
Long-Range Transboundary Air Pollution (LRTAP) for 2015. The change
in CO4 emissions in the residential sector occurs from the oil, natural
gas, coal, and peat boilers, which are replaced with ASHPs, while the
change in PMy5 and SOx occurs from the solid fuel (coal, peat, and
wood) boilers which are replaced with ASHPs. SOx emissions from oil
and natural gas boilers are negligible, while CO3 emissions from burning
wood are ignored due to wood being classed as a renewable.

A modelling construct of the work is that the BER of each individual
dwelling is not known. Instead, the average BER for each Small Area
(SAs)'! has been calculated in a previous exercise (Kelly et al., 2016) and
used. Thus, when choosing dwellings in which to deploy an ASHP, we
can list the SAs where the average BER is B2 (or rather, relatively higher)
and then remove the dwellings built after 2011. This means that there
may be a slight difference in estimated PMy s and SOx emissions in
Scenario 1 and Scenario 2 as the average BER of the small areas which
are PM; 5 hotspots may be lower than some of the small areas in which
solid fuel boilers are otherwise replaced with ASHPs in Scenario 1. In
modelling terms both scenarios are simulations and without a time
dimension.

It is also assumed that dwellings suitable for an ASHP, i.e., with a
BER of at least B2, would no longer use emission generating secondary
heating. This is an important assumption as according to earlier
research, secondary heating for fireplaces and stoves can represent
approximately 50% of residential coal and peat consumption (SEAI,
2013). It is also assumed that no new modern or non-wood stoves are
installed in the 400,000 dwellings where ASHPs are installed. Whilst
important, these assumptions are credible as a non-emitting auxiliary
heating system (e.g., on demand electric heater) would be far more
compatible with the type of airtight home required for an ASHP instal-
lation in Ireland. The air-pollutant emission outcomes are simulated
first, and then used to model their contribution to PMjs ambient
air-pollutant concentrations.

10 There are also 501 dwellings in these towns where there are no central
heating systems at all. It can be assumed that they are using solid fuel heating
via fireplaces and stoves. These dwellings have not however been targeted in
this work.

11 Small Area level is used in the national census data to cluster groupings of
households mostly in the range of 80-120 homes. In total there are 18,641 SAs
in Ireland.
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3.3. Emissions model

An Irish instance of the ITASA GAINS Integrated Assessment Model
(Amann et al., 2011; Kelly et al., 2017) is applied to calculate emissions
of each greenhouse gas and air pollutant species examined based on the
following formula:
2Eijk = AijDiTijkFijk (€Y)

where E = emissions, A = activity, D = duration of use, I = energy in-
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Table 3
PM, 5 emission factors for fossil fuels (EPA, 2018b).

Tier 1 p.m., 5 Emission Factors

Coal/Peat kg/GWh 1106
Gas kg/GWh 3.33
oil kg/GWh 5.28
Biomass kg/GWh 2056

up to 2.5 pm and is calculated as follows'®:

PM, s =S0%" + NO; (fine) + NH; +SS (fine) +MD (fine) + SOA (fine) + PPM, 5 +0.27 x NO5 (coarse) + water

tensity, F = emission factor, i = sector, j = sector specific technology and
k = air pollutant species. For example, for the residential sector E =
emissions, A = number of boilers (see Table 1), [ = energy intensity of
boiler, F = emission factor, j = energy carrier and k = air pollutant
species.

The average energy intensity per boiler in the residential sector is
estimated as final energy consumption for an energy carrier divided by
the number of boilers using that energy carrier. Emission factors for CO5
are listed in Table 2 while data on emission factors for PM, 5 and SOx are
Tier 1 Emission Factors (EPA, 2018b). Those for PMy 5 are listed in
Table 3. The tables of Tier 1 Solid Fuel combustion Emission Factors are
from the EMEP/EEA air pollutant emission inventory guidebook — 2016,
a guidebook which supports the reporting of emissions data under the
UNECE Convention on Long-range Transboundary Air Pollution
(CLRTAP) and the EU National Emission Ceilings Directive. On the
matter of condensables, the guidebook states that the TSP, PM;o and
PM, 5 emission factors have been reviewed and that it is unclear whether
they represent filterable PM or total PM (filterable and condensable)
emissions. Thus, a definitive statement on the inclusion or exclusion of
condensables cannot be provided for these emission factors. However,
whilst this introduces some ambiguity with respect to the condensables
question, the method and emissions remain consistent with current in-
ternational reporting. Furthermore, given the focus on the relative
impact of the policy scenarios, the policy findings are not adversely
affected.

3.4. Air quality modelling

All the air quality modelling in this study was conducted with the
chemistry-transport model EMEP (Simpson et al., 2012)12.

The EMEP model includes both primary and secondary aerosol spe-
cies (and considers both inorganic and organic fractions). The gas/
aerosol partitioning between gas and fine-mode aerosol phase in the
system of SO4-HNO3-NO3-NH3-NH4 uses the MARS equilibrium
module of Binkowski and Shankar (1995). The secondary organic
aerosol modelling uses the so-called volatility basis set (VBS) approach
(Robinson et al., 2007; Donahue et al., 2009). PMy 5 represents the
model size mode of the particulate matter with aerodynamic diameter

Table 2

CO,, emission factors for fossil fuels (SEAI, 2016).
Carbon Intensity Gas kg/MWh 202
Carbon Intensity Oil kg/MWh 274
Carbon Intensity Coal kg/MWh 342
Carbon Intensity Peat Briquette kg/MWh 355.9

12 yersion EMEP_OpenSource.rv4.17.

Two domains were simulated: Europe (horizontal resolution of 50
km x 50 km) and Ireland (horizontal resolution of 2 km x 2 km). The
simulation for Europe produced the boundary conditions for all of the
simulations in the Ireland domain. The boundary conditions for the
European-wide simulation are climatological fields based on

Reference Simulation (Heating Season 2015)

Heating Season (2015) Mean
Pm2.5 Value (ug/m3) A

High : 10.49

- Low:2.97

Administrative Counties

0 50 100 Kilometres
||

Fig. 4. Modelled surface PM; s mean concentrations (ug/m3) for the months
October to March in 2015.

13 50,2 - Sulphate; NO;~ - Nitrate; NH;"- Ammonium; SS - Sea Salt; MD -
Mineral Dust; SOA — Secondary Organic Aerosol; PPM — primary particulate
matter originating directly from anthropogenic emissions; water — particle-
bound water.
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observations. The emissions for the European domain are from the
EMEP standard inventory, in which anthropogenic emissions are based
on reported country yearly total emissions in 2015, redistributed to a 50
x 50 km? polar stereographic EMEP grid. The country total emissions
were provided for 10 anthropogenic source-sectors. To produce the
meteorological data for both Europe and Ireland domains we used the
Weather Research and Forecast Model (WRF) version 3.9.1 with NCEP
FNL input data in a nested system. As the work presented in this paper
focuses on residential sector heating systems, we present results for the
heating season part of the year which is October to March. Fig. 4 shows
model results of concentrations of PM, 5 across the island of Ireland for
the heating season in 2015. This is the reference against which the two
scenario results are measured.

3.4.1. Emissions for air quality modelling

As stated previously the main data source for the air pollutant con-
centration modelling was the official emissions as reported to the UN
under the Convention on Long-Range Transboundary Air Pollution
(LRTAP) for 2015. These emissions have been spatially distributed in the
MapkEire project, on a 1 km grid. The spatial distribution was conducted
individually for each sector by the University of Aarhus SPREAD model,
which uses proxy data to determine the activity of each sector in each
grid. Typical activity data is population density, land use, roads and
railways and the industry grid (Nielsen and Plejdrup, 2016). Exceptions
were the sectors of shipping, residential heating, and traffic. The source
for the shipping emissions was the data inventory of the Finnish Mete-
orological Institute (FMI) for 2015 with a 0.1° resolution (Johansson
et al., 2017). This inventory is based on individual ship position, speed
and direction recorded every 6 min through the ship-AIS system by all
commercial vessels. This information is coupled with IMO registry ship
engine information to produce emissions. The emissions for the trans-
port sector are spatially distributed across the country at road network
level based on annual average daily traffic values (AADTs) and
commonly available information from existing geographical data,
census data, traffic data and vehicle fleet data (Fu et al., 2017). For the
reference year and both scenarios, estimated residential sector emissions
of PMy 5 and SOy are distributed at Small Area Level based on both
primary and secondary fuel use patterns across Ireland, which are
calculated using census data and CSO Household Budget survey data by
EnvEcon (Kelly et al., 2020; O Broin et al., 2019). For Northern Ireland
(UK), the TNO-MACC (Kuenen et al., 2011) was used. These data have a
spatial resolution of approximately 7 x 7 km? rescaled to match the
official EMEP country total emissions. For scenarios 1 and 2, residential
emissions for PMy 5 and SOx were recalculated using the same meth-
odology as above.

3.4.2. Evaluation of air quality modelling for the reference simulation

The EMEP-WRF modelling results from the inner grid (2 km resolu-
tion) were compared to measurement data of PMs 5 at six monitoring
stations of the Irish Environmental Protection Agency. These data can
now be accessed at a new EPA resource - https://airquality.ie/The sites
include one background rural station (“Mayo Claremorris”, located a
few kilometres south of Claremorris in the county of Mayo) and five
suburban background sites, two in Dublin, one in Cork, one in Ennis
(“Clare Ennis”), and one in Bray (“Wicklow Bray”) some kilometres
south of Dublin.

Fig. 5 presents the daily measured and modelled concentrations
during the heating season in 2015 (Jan-Mar and Oct-Dec) in pg m~>.

Atmospheric Environment: X 13 (2022) 100155

Except for Clare Ennis the timeseries show a fairly good agreement
during these six months, with the occurrence of most episodes repro-
duced very well by the model. Although a general underestimation of
the levels is seen, an underestimation of the highest peak episodes is a
common feature by atmospheric grid models and reflects the inherent
limitations given by the grid averaging. Although the WRF/EMEP model
is zoomed down to a fine scale, a grid square average concentration of 2
km x 2 km will not be able to reproduce the highest peak levels observed
at a monitoring station. Furthermore, comparisons with observational
data always raise the question of representativity. Particularly in urban
and suburban areas, where large spatial gradients in the concentration
fields will make it harder to find sites that are representative of a larger
domain.

The results from Clare Ennis show a significantly poorer agreement
between modelled and observed concentrations both with respect to the
absolute levels and the timeseries development. The measured PMy 5
level at that site is substantially higher than modelled.

Fig. 6 presents five statistical metrics for each of the six stations as
calculated by the R function ‘ModStats’ in the openair package (Carslaw
and Ropkins, 2012). These are normalized mean gross error (NMGE),
linear correlation coefficient (r), fraction of predictions within a factor
or two (FAC2), mean bias (MB) and root mean square error (RMSE). The
reader is referred to the openair manual as given in the references for the
definition of these statistical metrics. The statistical computation was
done only for the data from the six-months heating season (Jan-Mar +
Oct-Dec). Note that NMGE, r, and FAC2 are dimensionless statistics
whereas MB and RMSE are given in pg m-3.

As discussed with respect to the timeseries, the statistical evaluation
shown in Fig. 6 confirms a particularly poor performance at Clare Ennis
as compared to the other five stations. This is seen for all five metrics, i.
e., low correlation coefficient, high bias etc. The results for the other
stations are quite even as seen by the correlation coefficient and the
mean bias for example. A correlation coefficient of around 0.6 is found
for all sites and a mean bias in the range —3 to —6 pg/m>. This confirms
that the model underestimates PM> 5 levels at all sites. FAC2 is in the
range 0.5-0.65 (except for Clare Ennis) implying that 50-65% of the
modelled values lie within a factor of two of the observed values.

3.4.3. EMEP simulations
Table 4 lists the five EMEP simulations that are presented in this

paper.
4. Results

This section presents the modelling results for greenhouse gas
emissions (COy), air pollutant emissions (PMs 5) and air pollutant con-
centrations for the reference case and the two scenarios where different
strategies for the deployment of the 400,000 ASHP retrofits are applied
as described in Section 3.

4.1. Greenhouse gas emissions

Figs. 7 and 8 present reference (2015) final energy demand in the
Irish Residential Sector and the corresponding estimates of CO2 emis-
sions. The two 400,000 ASHP scenarios are also included in those
Figures and indicate that, compared to the reference, the policy could
deliver an approximate 18% reduction in final energy demand and a
28% reduction in CO5 emissions for the residential sector in both cases.
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Fig. 5. Measured (red) and modelled (blue) daily PM2.5 values at six Irish stations during Jan-March (left panels) and Oct-Dec (right panels) in 2015. The data are

given in pg m-3.

As the deployment of 400,000 ASHPs is but one of a suite of measures
that will support efforts to decarbonize the Irish residential sector, a
28% reduction in total emissions from this action in the sector is sig-
nificant. A closer examination of the individual energy carriers reveals
that the results in both scenarios are identical for oil, electricity, and gas,
and that there are only slight differences observed for coal, peat, and
renewables. These latter differences are as a result of targeting
approximately 11,000 ASHPs at specific air-pollutant hot-spot towns in
the Midlands. There is, of course, also an increase in final electricity
demand in both scenarios as a result of the increased electricity use for
the ASHPs.'* However, as indicated, in this paper we are not investi-
gating the merits of the established Government ambition to retrofit

14 A contemporary overview of the prospects for the decarbonisation of the
Irish Power System including a discussion on pathways to a 100% renewable
energy system in Ireland by 2050 is provided by Yue et al. (2020). Their work
also includes a comprehensive literature review that extends well beyond the
scope of this paper, but which touches on relevant technical and policy issues
for this context. These include meeting peak demand with battery storage;
management of low-demand periods; high investment costs in flexibilities and
new capacities; extreme weather conditions; access to renewable data; con-
straints on geographical allocation of storage technology; government regula-
tions; storage and interconnectors.

400,000 ASHPs, rather we are investigating the potential for positive
synergistic outcomes where the national ambition is refined with an
element of targeting. The results confirm that the targeted strategy
would, as expected, in no notable way compromise the greenhouse gas
abatement potential of the 400,000 ASHPs policy without a targeted
approach. Thus, our focus shifts to exploring the scale of the potential
synergies with regard to emissions of air-pollutants and improvements
in ambient air-quality that may be realised with the targeted policy.

4.2. Air pollutant emissions

Fig. 9 presents PMj 5 emissions for the reference and the two ASHP
scenarios. PMy 5 is reduced by 10% and 12%, respectively, for both
scenarios. The reductions in both scenarios are of course similar as
11,000 out of 400,000 boilers does not have a large absolute effect. The
slightly different shares we observe reflect the spatial selection factors
influence on outcomes as described earlier in Section 3.2.

4.3. Air pollutant concentrations

Fig. 10 shows the impacts of the two residential heating emission
scenarios on surface air concentrations of PM5 5 (Fig. 10a for Scenario 1
and Fig. 10b for Scenario 2). The values shown are changes in the mean
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Fig. 6. Statistical performance metrics for the modelled vs observed PM2.5 concentrations at six Irish monitoring stations. Daily mean levels during the heating
season (Jan-Mar + Oct-Dec) in 2015 were used when calculating these statistics. The statistics are: NMGE = Normalized mean gross error, r = linear correlation
coefficient, FAC2 = Fraction of predictions within a factor or two, MB = Mean Bias, RMSE = Root Mean Square Error.

concentrations for the heating season, that is, October to March. On
Fig. 10a, we can see that the maximum decrease we achieve in Scenario
1is 1 pg/m3 in the top Northwest of Ireland in the town of Buncrana. In
the Midlands area, Scenario 1 has its highest decrease as just 0.47 pg/m°
(Longford and East of Edenderry). However, when we apply the spatially
targeted emission reduction strategy of Scenario 2 (Fig. 10b), where the
policy is focused on solid fuel use in specific Midland towns that
represent relative ambient air pollution hotspots, we observe far more
substantial decreases in the range of 1-2.3 pg/m® i.e., 20-34% re-
ductions relative to the reference simulation.

5. Implications for policy design

When considering the targeted approach to the deployment of
ASHP’s proposed in this work, the practicalities of the implementation
of the scenarios should be considered. The results shown in Fig. 10 are
for a simulation without a time dimension. The Irish government target
is to deploy 400,000 heat pump retrofits by 2030, and so an initial
question arises as to whether it reasonable to assume that this can
happen in a country of Ireland’s population size (approximately 5
million as of 2021) over a ten-year period. Sovacool and Martiskainen
(2020), write that fast transitions of European heating systems can take
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Table 4
Simulations using EMEP presented in this study.
Simulation Description Figure
Reference EMEP simulation for the calendar year 2015 as Fig. 2
described in the text.
Changes relative to Reference
Ref_noSector2 Emissions from Residential sector for the heating Fig. 3
season only i.e., no emissions from other stationary
combustion sources included e.g., Industry and Power
generation.
Scenario 1 Heating season residential sector emissions reduced Fig. 10a
by replacement of 400,000 boilers using oil, natural
gas, solid fuels, or storage heating with ASHP’s.
Scenario 2 Heating season residential sector emissions reduced Fig. 10b
by targeted replacement of 400,000 boilers using oil,
natural gas, solid fuels, or storage heating with
ASHP’s.
With_Measures ~ Emissions in 2030 from a scenario developed by the Fig. 12

Irish EPA considering no additional policies and
measures beyond those already in place in 2018 and
including 175,000 ASHP’s being installed.

35000

30000

2335]
25000
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20000
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G
Peat 15000
M Gas
10000
M Electricity
mOil 5000
0
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approximate cost of installation for an ASHP and, where necessary, an
indicative cost of retrofitting dwellings to make them ASHP ready. At the
time of writing there are less than 400,000 dwellings in the Republic of
Ireland that have a BER of B2 or greater. Thus, even if only Scenario 1 is
implemented, as per the Government Climate Action Plan, retrofitting
costs will certainly accrue to make sufficient dwellings ready for an
ASHP retrofit.'®

The cost of installation of an ASHP in an Irish home has been esti-
mated to be between €8500 and €14,500 (Electric Ireland, 2020), with
the cost varying considerably with the size of the pump and the
complexity of the install.'® Assuming an average cost of €11,000 for the
installation of an ASHP in a dwelling, gives an up-front cost for the
installation of 400,000 ASHPs of €4.4 billion. These ASHP install costs
for the 400,000 dwellings must then be added to the costs of making
sufficient homes ASHP-ready as necessary. In this regard we use the BER
B2 rating as a proxy for a home being ASHP-ready.

Table 6 shows the numbers of homes retrofitted in this work per
scenario and energy carrier to ensure an adequate number are ASHP-
ready. The total number of homes to be retrofitted in this context is

2084

Scenario2

Scenariol

Fig. 7. Final energy demand in the Residential Sector by energy carrier in the reference in 2015 (measured (EPA, 2018¢)) and in Scenariol and Sce-

nario2 (estimated).
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Fig. 8. CO, emissions from the Residential Sector by energy carrier in the reference in 2015 (measured (EPA, 2018c¢)) and in Scenariol and Scenario2 (estimated in

this work).

from decades to a half a century, although Finland has managed to move
from having almost no ASHPs installed in the year 2000 to over 900,000
in 2018. Thus, 400,000 in a decade to 2030 may be deemed plausible,
albeit exceptionally challenging with no time to waste.

In this section we further discuss various aspects of the scenarios in
terms of costs and supports, their role in alleviating energy poverty risk,
and the contribution to emission reduction targets.

5.1. Cost and supports

The estimated up-front costs presented in this section include an

10

388,384. Table 6 shows that most ASHP’s will go to oil heated dwellings
with a current BER of D1. It is also shown in Table 6 that in Scenario 2
the solid fuel heated homes with current BER’s of as low as G will have
ASHP’s deployed in them, which suggests substantial retrofitting costs

15 Here we are distinguishing again between the 200,000 heat pumps that are
to be installed in new buildings as part of new building regulations, and the
400,000 that are to be retrofitted into the residential sector.

16 One consultant estimates the all in cost of the installation of a heat pump, i.
e. including materials, labour new efficiency radiators and hot water cylinder
this might cost in the region of €12,500 to €15,000 (Irish Times, 2020).
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Fig. 9. PM, 5 emissions in the Residential Sector by energy carrier in 2015 in the Reference (measured (EPA, 2018b)) and in Scenario 1 and Scenario 2 (estimated in

this work).
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Fig. 10. a and 10b: Modelled changes in surface PM, 5 concentrations [pg/m°] in the residential sector heating season for Scenario 1 (10a - left hand panel) and
Scenario 2 (10b - right hand panel). Both maps show a decrease in simulated PM, 5 surface air concentrations (%) between the respective scenario and the 2015

reference for the heating season.

Table 5
Cost of retrofitting to BER B2 per dwelling and per scenario. Note cost of
installation of ASHP not included.

BER Up-front cost to renovatea  Total cost in Total cost in

dwelling up to BER B2in €  Scenario 1 (in ‘000 Scenario 2 (in ‘000
€) €)

Al

A2

A3 n/a n/a n/a

Bl n/a n/a n/a

B2 n/a n/a n/a

B3 5000 145,825 145,825

C1 15,000 487,305 487,305

Cc2 15,000 822,855 819,375

c3 15,000 1,212,135 1,074,360

D1 35,000 4,404,610 4,452,210

D2 35,000 2,282,700 2,367,575

El 45,000 138,105

E2 45,000 46,575

F 50,000 72,650

G 50,000 3750

Total 9,355,430 9,607,730

11

for those dwellings.

Table 4 shows broadly indicative costs of fabric retrofitting to BER B2
for dwellings that have BER’s lower than this. The third and fourth
columns give a cumulative cost per level of BER for both scenarios, while
the bottom right cell gives a total indicative cost for bringing all of the
388,384 dwellings to a BER of B2. The cost of a deep retrofit, which
would bring a home to a minimum of an A3 BER is highly variable, but
indicative ranges from €35,000 to €75,000 have been reported (Super
Homes Project, 2018). For the purposes of this research, it is conserva-
tively assumed that the costs of renovation up to a B2 would range from
€5000 to €50,000 from B3 to G respectively.!” This is shown in the
second column of Table 4. The cost of preparing 400,000 dwellings in
Ireland to be ASHP ready, is thus estimated to be in the region of €9.35
billion in Scenario 1 and €9.6 billion in Scenario 2.'® The scale of the

17 We acknowledge that this is only a very broad indicative approximation,
and that across several hundred thousand homes the individual cost profiles
may vary considerably within and beyond this range. Period homes in which
efficiency measures permissible are limited, are not considered.

18 Clearly this cost is also delivering on the ambitions to retrofit some 500,000
homes to a level of B2 standard or better by 2030 also.
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Table 6

Numbers of dwellings at each BER and per Energy Carrier where ASHP deployed in this work is Scenario 1 (S1) and Scenario 2 (S2).
BER Oil Gas Electric Peat Coal Renewables Total Total

s1 s2 s1 S2 s1 s2 s1 s2 s1 s2 s1 s2 s1 s2

Al
A2
A3 169 169 565 565 171 171 4 4 22 22 5 5 936 936
Bl 941 941 1806 1806 277 277 11 11 50 50 30 30 3115 3115
B2 1556 1556 5220 5220 605 605 24 24 93 93 67 67 7565 7565
B3 4782 4782 21464 21464 1988 1988 197 197 479 479 255 255 29165 29165
cl 15659 15659 10945 10945 3720 3720 564 564 1186 1186 413 413 32487 32487
C2 40758 40758 7657 7657 1853 1715 3538 3538 1051 957 54857 54625
c3 65069 65069 5582 5582 2724 413 5976 442 1458 118 80809 71624
D1 125846 125846 955 306 99 125846 127206
D2 65220 65220 1526 713 186 65220 67645
El 2245 646 178 3069
E2 804 169 62 1035
F 1101 272 80 1453
G 68 4 3 75
Total 320000 320000 40000 40000 20000 20000 5377 9627 11344 7920 3279 2453 400000 400000

premium to make the identified Midlands air pollution hot spots ASHP HP Pobal Deprivation Index (2016) N

ready is therefore estimated as approximately €250 million. B Very Disadvantaged A

A total investment for fabric retrofit and ASHPs of between €13 and Disadvantaged

€14 billion is therefore estimated for the implementation of Scenario 1 Marginally below Average

or 2. This will represent a substantial cost for both private and public Marginally above Average "

funds. In terms of existing state supports, it is relevant to note that SEAI I Affluent &

provide grants for both fabric insulation and heat pumps.'? SEAI insu- Very Affluent v

lation grants range from €400 euro for attic insulation to €6000 for the
insulating of the external walls of a detached house (SEAI, 2020b). A
grant of €3500 is also currently available from SEAI towards the cost of
purchase and installation of an ASHP (SEAI, 2020a). There are also new
“one-stop-shop” models to encourage supply-side engagement in retrofit
services supply that can streamline grant processes for consumers and
ultimately offer efficiencies of scale in the market with lower transaction
costs, that will be vital for driving accelerated uptake rates (Lades et al.,
2021). Beyond these partial grant supports, SEAI has also run a “Warmer
Homes” funding scheme whereby those who own their own homes but
are in receipt of social welfare are offered a free dwelling retrofit (SEAL
2020c). Ultimately this array of policies and supports will need to be
reviewed and refined in order to incentivise and support the strategy
presented under Scenario 2. Ensuring that 35-40,000 homes a year to
2030 are made ASHP- ready via retrofitting programmes will amount to
a significant acceleration of the progress to date. However, the Gov-
ernment has also articulated a goal to retrofit 500,000 homes to a B2
standard by 2030 in the same 2021 Climate Action Plan. Thus, the
relevant ambitions are all aligned and in place, and the clock has started
on delivering accelerated annual progress. Operations of substantial
scale will now urgently be required to credibly deliver on these ambi-
tions in this timeframe.

Whilst analysing the returns to investment in detail for ASHP in-
vestment and determining if the level and format of these grants are
adequate for the Irish situation are both relevant considerations, they
also lie beyond the scope of this particular paper. Nonetheless, these two
topics have been respectively explored in greater detail in this context
under earlier research (Kelly et al., 2016; Lades et al., 2021) as a further
support to related policy design.

5.2. Addressing fuel poverty

It was suspected that the approximately 11,000 dwellings in the
Midlands that are contributing to the PMj 5 hotspots by their use of solid

!9 Grants for energy efficiency measures from SEAI are only paid upon
completion of work which means that they can contribute to labour costs
(Aravena et al., 2016).
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Fig. 11. Authors own map based on Pobal Deprivation Index 2016 at Electoral
District Level (Haase and Pratschke, 2017). The 2016 Pobal HP Deprivation
Index (Electoral Division Level), accessed at www.trutzhaase.eu.

fuels for heating (See Fig. 3), are also located in areas with higher levels
of relative deprivation. Fig. 11 shows a map of Ireland highlighting the
HP Pobal Deprivation levels in 2016 at Electoral Division (ED) Level?°
(Haase and Pratschke, 2017)). The index is mapped across six categories
ranging from high levels of deprivation to high levels of affluence. The

20 The index is based on the combination of three dimensions of relative
affluence and deprivation: Demographic Profile, Social Class Composition and
Labour Market Situation. There are 3440 legally defined EDs in the State.
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red and light brown shading on the map indicate very disadvantaged
and disadvantaged areas respectively. The yellow shading represents
marginally disadvantaged areas while the light green represents
marginally advantaged areas. On a broader scale, most parts of the
Midlands fall into either the disadvantaged, marginally disadvantaged
or marginally above average categories. Comparing Fig. 3, which shows
the midland towns which are air pollutant hotspots, with Fig. 11, it can
be observed that for County Longford and County Westmeath, the
approximate areas of Mullingar and Longford Town do contain ‘disad-
vantaged’ shadings but on the other hand Athlone, as a larger and more
prosperous town does not. Thus, perhaps some of the solid fuel using
dwellings in Mullingar and Longford are in situations of greater depri-
vation than those in Athlone. Ultimately the granularity of the depri-
vation index may require further development for this type of
assessment. Nonetheless in areas shaded yellow, brown, or red on the
map, there is a stronger case that state supports may be needed to
support the retrofitting of dwellings to B2 standard. Furthermore, a
composite index of energy poverty risk for Ireland, which includes the
deprivation index, also highlights areas of the Midlands and West as
being most at risk of energy poverty (Kelly et al., 2020). These objective
assessments can therefore be used to target and reinforce the case for
state supports down to small area level, to ensure the successful imple-
mentation of the ASHP roll out in such areas and to track the impact on
energy poverty risk.

5.3. Contribution to broader goals, air quality and CO_ targets

The electrification of residential heating has been prioritised as a
core initiative in the national Climate Action Plan (DECC, 2021). Such
labour-intensive works have also been highlighted as a central part of
the European wide renovation wave (EC, 2020), designed to stimulate
economies post-COVID-19, whilst simultaneously driving progress to-
wards ambitious environmental goals. This analysis suggests that on the
grounds of GHG emissions abatement, the national heat pump target
would clearly make a substantial contribution as detailed in section 4.1.
Where solid fuel using homes are displaced with an ASHP it can also
deliver reductions in national air pollutant emissions and air pollution
concentrations, as detailed in sections 4.2 and 4.3. Beyond this there will
also be a substantial opportunity created for a national retrofit industry
of scale to develop in support of this ambitious goal to retrofit so many
homes in an efficient manner with fabric insulation and heat pumps.

However, in order to realise all of the benefits identified - improve-
ments in ambient air quality, health effects and a just transition - the
policy must be spatially targeted. Fig. 12 illustrates the reduction in
PM;, 5 concentrations from all sectoral sources in 2030 in the EPA “With
Existing Measures” emission scenario’! as compared to 2015 (Fig. 2).%>
Decreases in agglomerations of over 1 pg/m> can be observed in Fig. 12
across Midland towns and in Dublin City and Cork City. These represent
an approximate 20% reduction in PMs 5 concentrations over the period
and suggest that the residential sector remains a key driver of air
pollution hotspots in the Midlands. Scenario 2 as presented in this work
has been shown to deliver far better air quality outcomes across these

21 The EPA “With Existing Measures” scenario assumes that no additional
policies and measures beyond those already in place by the end of the latest
national GHG inventory (O Broin et al., 2019). In this scenario 175,000 heat
pumps are installed to 2030 in line with the 2018 National Development Plan
(NDP, 2018) while the number of retrofits continues at the 2018 level which is a
combination of the government grant towards Sustainable Energy Authority of
Ireland for retrofitting and autonomous retrofitting by householders.

22 Measuring and monitoring of air pollutant concentrations is improving year
on year. In 2019, there were 24 new monitoring stations brought online across
Ireland under the Air Quality Monitoring Programme (9 EU standard moni-
toring sites and 15 ‘local’ monitoring sites monitored in collaboration with local
authorities) (EPA, 2020). With a finer resolution, new ‘hot spots’ may arise that
are not captured in Fig. 2.
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Fig. 12. Modelled changes in surface PM, s mean concentrations in simulation
With Measures relative to the reference (O Broin et al., 2019).

Midland towns, from just the built environment sector, due to the spatial
targeting element. In brief, targeting matters.

6. Conclusion

This work has presented two alternative scenarios for realising the
ambition of an Irish Government Climate Action Policy Plan to deploy
400,000 heat pump retrofits by 2030. The findings and method will be
relevant to many countries that are prioritising the electrification of
residential heating over more carbon intensive and polluting fuels. In
the first scenario the heat pumps replace oil, natural gas, solid fuel, and
electric boilers across the country without any refined spatial targeting.
This delivers substantial reductions in sectoral carbon emissions and air
pollutant emissions, with more modest improvements in ambient air
quality. The second scenario has shown that by targeting just 3%
(11,000) of the ASHP retrofit target into specific Midland towns of
Ireland, or similar fine scale locations that may be identified by this
methodology, that a number of relative Irish PMy 5 hotspots can be
eliminated, with consequent benefits for health impacts and the just
transition agenda. The supplementary cost of the alternative scenario is
estimated to be €250 million greater than a scenario where the ASHP’s
are distributed without spatial targeting throughout the country. How-
ever, there is great variability in the potential cost of either scenario
dependent on the level of supports provided to households, the split
between private and social housing action, and the organisational effi-
ciency of any retrofit industry of scale in Ireland. Whilst the approach to
financing and supports for retrofitting homes with insulation and heat
pumps will require ongoing review and development, this analysis de-
tails and quantifies a clear opportunity for policymakers to target an
element of this policy action, and in doing so to hit the residential air
pollution hotspots whilst supporting a just transition.
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explore the topic so as to inform potential policy design.
Data availability

Key data used in this work can be found at https://eparesearch.epa.
ie/safer/the Secure Archive For Environmental Research Data hosted by
the Irish Environmental Protection Agency (epa.ie); at https://www.cso.
ie/en/census/census2016reports/the database of the Irish National
Census of 2016 hosted by the Irish Central Statistics Office (cso.ie); and
at https://www.seai.ie/data-and-insights/seai-statistics/key-publicati
ons/energy-in-ireland/which are sector based energy use statistics
from the Sustainable Energy Authority of Ireland (seai.ie).
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