Air Quality Policy Brief for Ireland
Results from the EPA funded CON+AIR project

Introduction
Under the auspices of the Ambient Air Quality and Cleaner Air for Europe
(CAFE) Directive, and the United Nations Economic Commission for Europe’s
(UNECE) Convention on Long Range Transboundary Air Pollution (CLRTAP),
Ireland faces a substantial, dynamic and recurring challenge with regard to air
pollution management and control. In parallel with legally binding air pollution
requirements, Ireland must also respond to stringent legally binding agreements
set under the United Nations Framework Commission on Climate Change
(UNFCCC), in particular acting on the national contribution required for European
level commitments in relation to Greenhouse gas (GHG) emission reductions.
The CON+AIR project presents two scenarios for emissions and concentrations
of air pollutants in the Republic of Ireland in the year 2030. The Problematic
Pathway (PP), depicts a scenario whereby a range of policy, technology and
activity developments lead to substantially increased emissions of NOX, PM2.5
and NMVOCs in 2030 relative to the EPA “With Measures” Projection for 2030.
The Solution Pathway (SP) depicts a scenario where a set of defined policies and
measures are implemented to counter that growth in emissions. These PP and
SP developments have implications for ambient air quality and compliance with
the EU National Emission Ceiling Directive which are described in this policy brief,
alongside modelled ambient air quality for 2015 in Ireland.
The background to the work is a study by (Kelly et al., 2017) that identified
significant potential pressures for air pollution management in Ireland associated
with specific strategies identified for delivering progress on climate targets.
Specifically, the study identified biomass use in the industrial and residential
sectors as being a major source of increased PM2.5 and VOC emissions, with
transport sector ‘dieselisation’ also noted as a source of higher air pollutant
emissions in the underlying analyses.
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Models & Methods
(i) Emissions Model
A variant of the IIASA GAINS Integrated Assessment Model (Amann et al., 2011; Kelly et al., 2017)
is applied to calculate emissions of each air pollutant species examined from each sector based
on the following formula:

ƩE
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where E = emissions, A = activity, D = duration of use, I = energy intensity, F = emission factor,
i = sector, j = sector specific technology and k = air pollutant species.
e.g. for the transport sector A is the number of vehicles on the road of a particular type, D is
the annual distance they are driven, I is the vehicle fuel economy and F is how much emissions
of greenhouse gasses or air pollutants are expected for a km driven or unit of fuel used.

(ii) Scenario assumptions
To build both scenarios the following estimations and assumptions are used; estimations of
population growth to 2030 from the Central Statistics Office, estimations of economic growth
from the Economic and Social Research Institute, assumptions regarding the impacts of the
Dieselgate scandal and electric vehicle policy on the car fleet, assumptions regarding settlement
patterns e.g. sprawl versus high-density, assumptions regarding developments with carbon
taxes and global oil prices and estimations of impacts of climate change. The work does this
in detail for the residential heating and the automobile transport sectors. For the industrial and
services sectors estimations of changes in biomass use and improved efficiency are the only
levers employed. Irish WM scenario estimations for energy demand are used for the agricultural
and power sectors.
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(iii) Emissions for air quality modelling
The annual emissions used correspond to the national emission inventory for Ireland for the year
2015, except shipping. The emissions for the transport 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). Residential emissions 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. Other emissions are distributed using the
MapEire project results on a 1km X 1km normalized grid (Nielsen and Plejdrup, 2016). Maritime
shipping emissions are from the data inventory of the Finish Meteorological Institute for 2015
at a 0.1 degree resolution (Johansson et al., 2017).

(iv) Air quality models and modelling setup
The chemistry-transport model EMEP (Simpson et al., 2012) and the urban scale dispersion
model EPISODE (Slørdal et al., 2003) are used to estimate concentrations of air pollutants in
2015 and calculate concentration changes due to the analysed drivers and their projected
effect on emissions in 2030 for the sectors of Industry, Transport and Residential. To produce
the meteorological data, the Weather Research and Forecast Model (WRF) version 3.9.1
with NCEP FNL input data are used. The model system setup is a nested system with different
projections and spatial resolutions that go from the Continental European to the national scale
(WRF-EMEP) and then the Greater Dublin region (WRF-EPISODE). The boundary conditions
for the European wide simulation are climatological fields based on observations. The national
scale air concentration results are produced with a horizontal resolution of 2km X 2km. For this
project, the EMEP model is primarily used to estimate Ozone, NO2 and PM2.5 concentrations. The
EPISODE dispersion model is used for the specific case of studying changes in traffic emissions
in Dublin and in this way, it is used to estimate NO2 concentrations at a grid size of 100m X 100m
close i.e. close to emission sources.
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The Problematic & Solution
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Graph notes:

• Order of magnitude increase in renewables (mostly biomass) use in
residential sector in both PP and SP as compared to WM scenario
• Large decrease in use of diesel in SP as compared to PP.
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Drivers of change in the Solution Pathway
Fundamentals remain the same
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• 200,000 new heat pumps from fuel
switching from oil.
• More efficient boilers and stoves.
• More sealing of chimneys.
• Mandatory wood fuel quality standard established.
• Installation of boilers and stoves certified.
• Chimney Sweep Mandatory.
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• One million electric vehicles by 2030.
• No increase in current levels of vehicles per capita.
• Reduced need for automobile travel through the
roll-out of the bus connects scheme in Dublin, an
expansion of tram and suburban rail lines and bicycle
lanes in major cities, planning which increases urban
living and an encouragement of benefits of working
from home.
• Modify emissions test in NCT.
• New information campaign on benefits of eco mobility.
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Graph notes:
• PM2.5 emissions from the residential sector are nearly three times greater in the PP than in the WM.
• Emissions of NOX from the transport and buildings sector increase in the PP as compared to the WM.
• Emissions in the SP are lower than the WM and the NECD limit.
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Nitrogen dioxide (NO2) in Ireland – EMEP model results
Surface NO2, 2015 scenario
Nitrogen dioxide (NO2) results from the release of NOX (=NO2+NO)
and further chemical production from NO. NOX is the most significant
emission from road transport and this sector is especially important
as vehicle emissions in urban areas lead to the exposure of large
populations to health risks from higher NO2 concentration levels.
Air Quality measurements from 2007 to 2017 in Ireland show that
the NO2 annual levels are usually lower than the European air-quality
directive limit for the annual mean (and World Health Organization
guideline) of 40 µg/m3. An exception was in 2009 in Dublin. Local
meteorological conditions may entrap pollutants close to the surface
leading to very high concentrations.
The map shows the modelled gridded-average NO2 annual mean
concentrations for the year 2015. The model grid has a horizontal
resolution of 2x2 km2 and the middle of the lowest model layer is
22m. The maximum grid value is 22 µg/m3 (in Dublin).
The highest concentrations are found in urban areas, but the main
roads can also be seen as high concentration areas. In larger
agglomerations, due to the use of gas in heating, residential
emissions of NOX are notable.
Modelled surface annual mean NO2 concentrations (µg/m3) in 2015
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Nitrogen dioxide (NO2) in Ireland – EMEP model results
Surface NO2, (WM - reference) scenario

Surface NO2, (WM - reference) scenario

Surface NO2, (WM - reference) scenario

Change in NO2 annual mean concentrations

Change in NO2 annual mean concentrations in

Change in NO2 annual mean concentrations

in scenario “With Measures” relative

scenario “Problematic Pathway” relative

in scenario “Solution Pathway” relative

to the 2015 reference.

to the 2015 reference.

to the 2015 reference.

In all emission scenarios modelled, a decrease in NO2 concentration levels can be observed. This is mainly a result of the different projections
to 2030 of the emissions from traffic: total annual NOX emissions in Ireland decrease roughly 3 times, 2 times, and 4 times relative to 2015 levels
in the WM, PP, and SP, respectively. These reductions are facilitated by replacement in the diesel car fleet of older EURO4, EURO5 and EURO6
emissions rated vehicles with compliant EURO6 vehicles.
In all scenarios, NOX emissions increase from residential heating due to the substantial increase in the use of biomass, but decrease from
industry due to the elimination of oil use.
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Ozone (O3) in Ireland – EMEP model results
EUAOT4O Crops, 2015 scenario
Ozone forms in the troposphere following the release of precursor
gases like nitrogen oxides (NOX) and volatile organic compounds
(VOC). Ozone levels also depend strongly on transboundary transport,
meteorological conditions and vertical transport of air masses.
Measurements in Ireland show that maximum ozone levels are below
the European air-quality directive limit for the maximum concentration
(120 µg/m3), but very close to the World Health Organization
guideline (100 µg/m3).
Ozone levels are generally higher in rural areas due to the removal of
ozone by NO in urban areas.
High levels of ozone damage plant cells, impairing plants’ reproduction
and growth, thereby reducing agricultural crop yields, forest growth
and biodiversity.

Modelled three-months (May-July) EUAOT401 (ppb.h) in 2015

The map shows an indicator of ozone levels harmful to crops
and natural vegetation: EUAOT40 The European long-term AOT40
objective is 3000 pbb/h. In Ireland the highest values are generally
found in the Southern and Western parts due to weather and
transboundary transport. In 2015, the weather conditions in Summer
in Southern and Central Europe were favourable to high ozone levels
whereas in North-Western Europe it was the opposite. Therefore, the
figure shows a low ozone case in Ireland.

The accumulated ozone exposure over a threshold of 40 ppb (80 µg/m³) for vegetation, that is, the accumulated excess of hourly ozone concentrations above 80 μg/m³ between 8:00 and 20:00 CET (Central European Time) in the
months of May, June, July, i.e. the growth season.
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Ozone (O3) in Ireland – EMEP model results
EUAOT40 Crops, (WM - reference) scenario

EUAOT40 Crops, (WM - reference) scenario

EUAOT40 Crops, (WM - reference) scenario

Change in EUAOT40 in scenario

Change in EUAOT40 in scenario

Change in EUAOT40 in scenario

“With Measures” relative to the 2015 reference.

“Problematic Pathway” relative to the 2015 reference.

“Solution Pathway” relative to the 2015 reference.

The main effect of changing emissions in all scenarios is an increase in EUAOT40 in NOX emission areas and a modest decrease elsewhere.
In the NOX emission areas this is explained by reduced titration by NOX (removal of Ozone through reaction with NO), and elsewhere the modest
decrease reflects the reduced photochemical formation in Ireland.
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Particulate Fine Matter (PM2.5) in Ireland– EMEP model results
Surface PM2.5, 2015 scenario
Fine particulate matter (PM2.5 and PM10) is responsible for adverse
health effects and premature deaths, with current estimates suggesting
an average life loss of about 8 to 10 months in the most polluted
European regions.
Air Quality measurements in Ireland show that the PM2.5 annual levels
are lower than the European air-quality directive limit for the annual
mean of 25 µg/m3, however they are close to the World
Health Organization guideline of 10 µg/m3.
The chemistry transport model results show the distribution of the
gridded-average PM2.5 annual mean concentrations for the year 2015.
The maximum grid value is 10 µg/m3 and the national mean is 4 µg/m3.
The highest concentrations are found close to the main sources of
the pollutants. That is roads, residential areas and industrial facilities.
The secondary production of PM2.5 is estimated as negligible compared
with direct emission sources.

Modelled surface annual mean PM2.5 concentrations (µg/m3) in 2015
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Particulate Fine Matter (PM2.5) in Ireland – EMEP model results
Surface PM2.5, (WM - reference) scenario

Surface PM2.5, (PP - reference) scenario

Surface PM2.5, (SP - reference) scenario

Change in PM2.5 annual concentrations

Change in PM2.5 annual concentrations

Change in PM2.5 annual concentrations

in scenario “With Measures” relative

in scenario “Problematic Pathway” relative

in scenario “Solution Pathway” relative

to the 2015 reference.

to the 2015 reference.

to the 2015 reference.

The 2030 “With Measures” emission scenario presents an approximate halving of emissions compared to the 2015 inventory for the transport and
residential sectors and a 10% increase in industrial emissions. The resulting change in concentrations is a national decrease that can reach 1µg/m3
in agglomerations (left-side map). In the “Solution Pathway” further decreases in the residential sector and a return to the lower 2015 industrial
emission levels, leads to further concentration decreases as shown on the right-side map.
The map in the middle is showing the effects of the increase of biomass fuel consumption in the residential and industrial sectors in the
“Problematic Pathway”. The annual average increase for all Ireland is 0.07 µg/m3, but for the hotspots the modelled increase is around 7 µg/m3.
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Nitrogen dioxide (NO2) in Dublin – EPISODE model results

The most obvious pattern in the annual mean NO2 concentrations
map of the Greater Dublin Region for 2015 are the roads with higher
emissions. Emissions from traffic represent half of the total emissions
in the figure domain. Other relatively high contribution sources are
shipping emissions at the harbour and residential heating emissions,
especially in the city centre and to its Northeast.
The comparison of the EPISODE results with air quality stations
measurements lead to the conclusion that there is an overall
underestimation in the model of 25% relative to background and
suburban stations. The areas in the map shaded dark orange are
very close to the European air-quality directive limit for annual mean
and World Health Organization guideline of 40 µg/m3. This means
that areas in the city centre and important nodes on main roads may
have experience health risking NO2 levels more frequently than the
measurement stations report.
Annual mean concentrations indicate the health risk from
long-term exposure.

Modelled surface annual mean NO2 concentrations (µg/m3) in 2015.
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Ambient Air Quality in Dublin – NO2 – EPISODE model output
Surface NO2, (WM – reference) scenario

Surface NO2, (PP – reference) scenario

Surface NO2, (SP – reference) scenario

Change in NO2 annual concentrations in scenario

Change in NO2 annual concentrations in scenario

Change in NO2 annual concentrations in scenario

“With Measures” relative to the 2015 reference

“Problematic Pathway” relative to the 2015 reference.

“Solution Pathway” relative to the 2015 reference.

There is a decrease in NO2 concentrations for all emission scenarios. The darker the shading in the maps the greater the difference (reduction)
in NO2 annual concentration between the reference AQ simulation in 2015 and the three emission scenarios. The pattern clearly shows greater
changes along the road network.
As with the national case, in Dublin NOX emissions decrease in all scenarios for the sectors of road transport and industry and increase in the
residential heating sector. The total emission change for each scenario in Dublin is of -3171, -919, and -2893 Ton NOX/year for scenarios WM,
PP, and SP, respectively. There is a high contribution from traffic emission changes in terms of NO2 annual concentrations. This is due not only
to the level of emissions from traffic in Dublin, but also due to the low level of the emission source relative to sources such as industry and even
residential heating.
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Recommendations
Residential Sector Recommendations
• Further initiatives necessary to achieve specific national efficiency improvement target for the residential sector.
• Develop further initiatives to achieve a sufficient number of ‘fuel switches’ from oil or solid fuel central heating to heat pumps
• Consider including sealing of open fireplaces as part of eligibility criteria for specific energy efficiency grants.
• Conduct pilot programme with indoor PM and NOX monitoring.
• Carry out information campaign highlighting problems with the low heating efficiency of open fireplaces.
• Institutionalise the quality labelling of solid fuels and firelighters.
• Ensure stoves and boilers deployed for sale meet the eco-design level.
• Ensure installation of stoves and boilers is certified.
• Mandatory annual chimney sweeping for chimneys in use.

Transport Sector Recommendations
• Further incentivize purchase of EV’s whilst disincentivizing ICE vehicles.
• Reduce the need for automobile travel through the roll-out of the bus connects scheme in Dublin, an expansion of tram and suburban rail
lines in major cities, and improved cycling lanes.
• Continue to support the planning of higher density residential development and increased facilitation of partial working from home.
• Modify the Irish roadworthiness test to take account of NOX and PM2.5 emissions.
• Launch an information campaign on benefits of eco mobility and reform the driver theory test to include same.
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Further work possibilities
There are many opportunities to further develop this work in Ireland. These could include:
• Develop a city scale model for Dublin to investigate the most cost-effective air pollutant related policy measures.
• Undertake analysis in Dublin to validate traffic volumes and fleet composition. Thereafter analyse source strengths in
Dublin relative to the rest of Ireland.
• Continue efforts to expand and enhance the national ambient air quality monitoring network and use these data to refine
associated modelling capacities.
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