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1 Chapter 1 Introduction 

This report is a deliverable of the LIFE EMERALD project (LIFE19 GIE/IE/001101).  It presents the findings and 

conclusions of the initial task, Task B.1.1 of Action B.1. In brief, the aim of Task B.1.1 is to provide an overview 

of how the Irish solid fuel residential emission inventory is prepared, what data exists and in doing so to 

understand how the air quality modelling services being established within LIFE EMERALD could use and possibly 

improve the inventory to provide additional scientific evidence and future support to policymakers regarding 

Ireland’s national solid fuel strategy.   

The Deliverable as documented in the LIFE Grant Agreement is called the “Residential Emissions (Data) Gap 

analysis” of the current solid fuel residential emission inventory.  In this chapter we provide a brief background 

to the LIFE EMERALD project and the context of this task within the whole project.   

1.1 Background: LIFE EMERALD Project  

One of the main goals of LIFE EMERALD is to establish a sustainable, reliable air quality modelling information 

system that, together with the ambient air monitoring network data, will inform policymakers and Irish citizens 

of air pollution episodes and the current hotspots, raising their awareness of air pollution, and encouraging them 

and the local authorities to act to improve the air quality situation. The system will also help Ireland meet its 

annual reporting obligations to the European Environment Agency (EEA), as set down in the EU’s Ambient Air 

Quality Directives (2004/107/EC and 2008/50/EC), and support policies related to the National Emissions Ceiling 

Directive, Climate Action Plans and the Solid Fuel Regulations. 

1.2 The Objective of Action B.1: An Improved Residential Solid Fuel Inventory 
1.2.1 Objective and Description  

The LIFE EMERALD air quality models will be used to produce the ‘best available’ air pollutant (PM10, PM2.5, NO2 

and O3) maps for the most recent periods (e.g., a calendar year) where data is available.  These maps will become 

important tools to support the assessment of the air quality of Ireland and its impact on the health of its citizens.  

As input, the models require reliable spatially explicit emissions data for all relevant emissions sectors and at the 

highest resolution (e.g., per residential area, postal (Eircode) district, small areas, NUTS level1..) possible.  

It is well known by the EPA that emissions from residential solid fuel heating are one of the key sources of PM2.5 

emissions across Ireland (responsible for over 50% in Ireland).  Thus, a good representative residential solid fuel 

heating inventory is paramount for the modelling.  However, this is a challenge, as the information available on 

the use and emissions of solid fuel (wood, coal and peat) is incomplete.  Primarily as citizens often use solid fuel 

as an ad-hoc secondary heating source and thus it is difficult to ascertain how and when it is used.  Furthermore, 

the quantity of solid fuel used is also difficult to estimate. 

Thus, within Action B.1, and particularly this task B.1.1, we will assess the solid fuel inventory to understand the 

status of these challenges and any actions that are already underway to fill the data gaps.  Once we have an 

overview we will then see if, and how EMERALD could address some of the remaining gaps to improve the 

inventory for a more optimal use in the air quality models.  Furthermore, we will also assess if spatial explicit 

gridded emissions are available, the years they are present for and the resolution they are available.  

 
1 The NUTS classification (Nomenclature of territorial units for statistics) is a hierarchical system for dividing up 
the economic territory of the EU and the United Kingdom for the purpose of the collection, development and 
harmonisation of European regional statistics, socio-economic analyses of the regions and framing of EU 
regional policies. 
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Within Actions B.4 and B.8 respectively, we will select a few relevant national and local policy scenario use cases 

to show policymakers how the models can support national and local air quality policy.  For these actions we 

would like to include relevant stakeholder (user) driven scenarios to support the national solid fuel strategy and 

any other related policies.  Thus, the inventory and methodology for preparing the inventory will also be 

assessed from this standpoint.   

 

1.2.2 The Approach for Action B.1 

Action B.1 is split into three distinct tasks which are described in the Grant Agreement as follows:     

• Task B.1.1 Gap analysis of the current residential emission inventory methodology and data 

Exchange of knowledge on existing methodologies currently being used to estimate and spatially 

allocate emissions stemming from residential heating: 

- The Irish beneficiaries and stakeholders present the current methodologies, tools and data 

being used for compilation and spatial allocation of the Irish residential emissions inventory, 

as well as their plans for improving the information.   

- VITO to share the methodologies and findings from recent studies being performed by Flemish 

residential emissions teams in line with their new Green Deal on reducing residential emissions 

from wood burning, as well as the updated methodologies being used by both the Flemish 

authorities & several eastern European partners within recent LIFE projects. 

The outcome of the knowledge exchange will be used to prepare an overview of the current data and 

methodologies available.  Expanding on this, a gap analysis will be performed to define any 

improvements required to the methodology as well as the specifications for the survey to obtain the 

‘missing’ data. Next to this, it will be assessed if VITO’s EISSA tool, whose development was co-funded 

by some previous LIFE projects, is required for preparation of the gridded emissions for the modelling. 

• Task B.1.2 Survey and data collection and interpretation  

Using the specifications determined in the previous task, a survey (or surveys) will be planned and 

carried out.  This survey will at a minimum provide extra detailed information on the secondary 

residential heating sources, such as a description of the residential heating appliances and fuels in use 

across selected hotspots. The results of this survey will help refine the improved methodology. 

• Task B.1.3 Implementation of the agreed methodology to prepare the new emissions inventory  

Here EISSA, or a similar model if the EPA require, will be used to prepare the new bottom-up residential 

emissions inventory. The calculation kernel and model type used will be based on the agreed final 

methodology from the earlier tasks and on the detail of the survey data collected.  

A schematic of each task highlighting the key goal and outcomes is shown in Figure 1 overleaf.  It is important 

to note that the description of Tasks B.1.2 and B.1.3 may change depending on the outcome of the first task.  

However, the overall objective stays the same; to produce an improved residential solid fuel inventory to 

To conclude.  It is important to note that we are analysing the solid fuel emissions inventory mainly from 

the viewpoint of using the data as input to the air quality models. The goal is to produce the ‘best available’ 

Particulate Matter concentration maps and to simulate relevant user driven solid fuel policy scenarios. 
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provide a better insight into the secondary (solid fuels: wood/coal/peat...) residential emissions sources, and 

to be used as input for the air quality models in Actions B.3, B.4 and B.8, to support assessment and policy. 
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FIGURE 1: KEY TASKS FORESEEN UNDER ACTION B1  

 

 

 

Task B.1.1 Gap Analysis

(February – June 2021)

•Workshop → Gap Analysis

•Goal: overview of the current data 
and methodologies available (EPA, 
UCC, VITO)

•Gap analysis: confirm the gaps & 
plan how to ‘fill’ them - survey &  
improvements required (VITO)

Task B.1.2 Survey and data collection 
and interpretation                          

(June – Dec 2021)

•Survey

•Goal: extra info on secondary 
residential heating emissions

•Where - Selected hotspots

•Fuels – wood, sod turf…

•Fuel consumption quantities

•Appliances – age, type (socio-
demographic)

•Future plans (renovation….)

•Link to CSO 2022

•Proposal for refinement of the 
existing methodology

Task B.1.3 Implementation of the 
agreed methodology  

(Oct – March 2022 )

•Updated (secondary) residential 
emissions

•Goal: refined emissions 
methodology

•to generate the detailed data for 
modelling the current situation 
(Action B.3)

•for driving Action B.4 policies on 
residential emissions

•Option to avail of VITO’s EISSA tool 
if required



  
 
 

Emissions ModEling and FoRecasting of Air in IreLanD 

With the contribution of the European Commission  

under the LIFE programme         5 

1.3 Guidance to reading this report 

The aim of this report is to present the main findings and conclusions of Task B.1.1 of Action B.1.  In short, to 

provide an update of the current situation regarding residential heating solid fuel emissions and to outline the 

way forward for Action B.1.  As this report has been written in stages due to the timing of some of the literature 

and data, the way forward for the remaining tasks has already been agreed with the EPA and the next tasks have 

started.   

The report is structured as follows:  

- Chapter 2 presents an overview of the methodology used for preparing the Irish Residential Solid Fuel 

Emission Inventory, from the standpoint of its suitability as input to the air quality models.  Firstly, to 

generate annually the baseline air pollutant concentration maps (focus: PM2.5 and PM10) and secondly, 

to understand the data and tools available to use the models for future policy scenarios use cases 

(Actions B.4 and B.8).  

- Chapter 3 presents an overview of a small number of relevant solid fuel policy initiatives that are 

currently being undertaken elsewhere in Europe. We also provide an overview of the solid fuel policy 

strategy in Ireland. The latter will help us understand what types of policy scenarios we could support 

under Actions B.4 and B.8. 

- Chapter 4 provides a brief overview of some recent research studies that were carried out in Ireland 

on solid fuel use and emissions.  This information will help us understand better what data and 

knowledge gaps are already being explored, and thus, where to prioritise efforts within LIFE EMERALD.   

- In Chapter 5 we present the next steps to fill in the ‘gaps’, from a data and ‘tools’ perspective. 
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2 Chapter 2 Methodology to Prepare Residential Emissions 

2.1 Introduction 

All EU Member States (MS) must report Air Pollutant Emissions and Projections Data under the United Nations 

Economic Commission for Europe (UNECE) Convention on Long-range Transboundary Air Pollution (CLRTAP 

Convention), the UN Framework Convention on Climate Change and in accordance with the EU National 

Emission Ceilings Directive, to assess the status against National Emissions reduction Commitments. The 

Emissions Team of the Irish EPA is responsible for preparation of this data.   

This data is often not suitable to use as direct input into air quality dispersion models.  The models require the 

data distributed in space and time, i.e. “gridded emissions” data.  In recent years MS are obliged to provide 

gridded emissions, which the Irish EPA report, however, the resolution is lower than what we would desire for 

the LIFE EMERALD models. Furthermore, as the EPA do not routinely use air quality or chemistry models, 

preparing specific gridded emissions for models has not been a key requirement to-date.    

In this chapter we provide the key findings of the literature review we performed to understand how residential 

emissions are prepared in Ireland, to learn how suitable they would be for use in the models.  In this chapter we 

would like to know the following: 

• The quality of the data, how ‘reliable’ it is for the purpose of preparing the high-resolution maps and 

performing scenarios.  The latter will be discussed further in a later chapter. 

• The key ‘weaknesses’ in the data, the key sources of ‘uncertainty’.  

• The availability of datasets that could for example, be used to ‘downscale’ the data to a higher 

resolution if needed.  

• The tools (e.g. excel) used to prepare the inventories.  Including those to prepare the gridded emissions 

data.  

This task was started early 2021, at the start of the project.  The following three key literature sources were 

studied: 

1. Ireland’s Informative Inventory Report (IIR) 2021. 

2. The description of the integrated spatial emission mapping model for Ireland, MapEire, and  

3. The Excel file used by the Emission Inventory team of EPA to calculate Irish residential emissions. 

Firstly, 2.2 the overall concept for preparing emissions inventories is explained. This is important as it has an 

impact on the detail of the data used in preparing the solid fuel emissions inventory and thus the type of policy 

scenarios that could be investigated. Thereafter, in sections 2.3 to 2.5 we explain briefly how the Residential 

sectoral (1A4bi) emissions are prepared, focussing on the data and the tools used for compiling and spatially 

distributing them.   

Finally, we present the main conclusions regarding the suitability of the data for the modelling actions B.6, B.4 

and B.8.  
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2.2 Background to Preparation of the Solid Fuel Emissions Inventory  

The EMEP2/EEA air pollutant emission inventory guidebook provides a concise technical guidance on how to 

prepare the national emission inventories.  One of the most important aspects of the methodology that is 

relevant for this review is the concept of ‘Tiers’ in preparation of the emissions data.  A Tier represents a level 

of methodological complexity. Usually three Tiers are provided: Tier 1 is the simple (most basic) method; Tier 2 

the intermediate; and Tier 3 the most demanding in terms of complexity and data requirements. Tiers 2 and 3 

are sometimes referred to as higher Tier methods and are generally considered to be more accurate.  Hereunder 

a brief overview of each Tier:  

1. Tier 1 is a method using readily available statistical data (energy statistics, traffic counts, population 

etc.) on the intensity of processes (activity rates) and default emission factors. These emission factors 

assume a linear relation between the intensity of the process and the resulting emissions. The Tier 1 

default emission factors are chosen to represent ‘typical’ or ‘averaged’ process conditions— they tend 

to be technology independent.  This method is the simplest method with the highest level of 

uncertainty. 

2. Tier 2 is similar to Tier 1 but uses more specific emission factors developed on the basis of knowledge 

of the types of processes and specific process conditions that apply in the country for which the 

inventory is being developed. Tier 2 methods are more complex and will reduce the level of uncertainty. 

3. Tier 3 is defined as any methodology more detailed than Tier 2; hence there is a wide range of Tier 3 

methodologies.  At one end of the range there are methodologies similar to Tier 2 (i.e. activity data x 

emission factor) but with a greater disaggregation of activity data and emission factors. At the other 

end of the range are complex, dynamic models in which the processes leading to emissions are 

described in detail.  Using Pollutant Release and Transfer Register (PRTR) data or the COPERT model for 

calculating transport emissions fall into this category.   

In addition to the Tier concept, before proceeding, it is important to remember the two key parameters and 

thus information required for estimating emissions: 

Emissions (E) = Activity data (in this case ‘Fuel use’) * Emission Factor (EF) 

Finally, it is also good to be familiar with the Nomenclature for Reporting (NFR) of emissions. The Residential 

emissions Sector is NFR sector 1A4bi. In the next section we provide an overview of the way the emissions for 

the Residential (1A4bi) sector are prepared focussing on the following key aspects: 

• The key data providers and sources. 

• Key trends and uncertainties in the emissions. 

• The Tier level used for each fuel source under the Sector Residential (1A4bi), thus the key EF and activity 

data being used.  

• The tools used to prepare the data. 

• Any relevant policy measures that have been considered as part of the NEC. 

2.3 The Irish Residential Emission Inventory  
2.3.1 Introduction 

The Informative Inventory Report is prepared annually by each Member State of the European Union in 

compliance with Directive (EU) 2016/2284, which sets out reduction commitments of certain atmospheric 

 
2 EMEP is the Cooperative programme for monitoring and evaluation of the long-range transmission of air 
pollutants in Europe—a scientific body established under the Convention on Long-range Transboundary Air 
Pollution. EMEP is also referred to as the European Monitoring and Evaluation Programme 
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pollutants.  The report aims to provide a comprehensive description of the procedures, methodologies and 

activity data used for the compilation of Ireland’s air emission inventories and projections, as presented in 

Ireland’s 2021 submission under CLRTAP and to the European Union under Directive (EU) 2016/2284. The report 

focusses on the emission inventory year for 2019 with trends back to 1990.   

Here under we describe the key elements of the IIR relevant for this report.   

Regarding the general levels of residential emissions; in summary, residential emissions contributed 60 per cent 

of SO2 emissions, 29 per cent of CO emissions and 55 per cent of PM2.5 in 2019.  With respect to the PM2.5 

emissions, 47% originated from residential peat burning, 45% from coal burning, 7% from (other) biomass 

burning and the remaining 1% from burning of other fuel types. 

The uncertainty of the PM2.5 emissions is in general high because many combustion sources are either not well 

characterised, or are variable in emission, with small changes to combustion conditions having very large impacts 

on PM2.5 emissions.  The report states that residential coal, biomass, and peat combustion (1A4bi) are the key 

causes of the uncertainty, contributing 98.4 per cent of the overall uncertainty. These are relatively large sources 

with very uncertain emission factors.  

Regarding policy and fuel use trends, significant fuel switching has been seen in the residential sector since 1990. 

Reduced use of coal (72 per cent) and peat (75 per cent), with increased use of liquid fuels gasoil and kerosene 

(200 per cent), natural gas (404 per cent) and renewables (62 per cent). This has resulted in significant decreases 

in emissions since 1990.   

2.3.2 Data Providers of the Residential Energy Data  

Data Providers of the Residential Energy Data 
Key data Provided  Data Supplied for 2019 

Sustainable Energy Authority of Ireland (SEAI) 

 

National Energy Balance; Detailed national energy consumption 
disaggregated by economic sector and fuel 

Central Statistics Office (CSO) Annual population, livestock populations, crop statistics, 
housing survey data 

Gas Networks Ireland (GNI) Analysis results for indigenous and imported natural gas 

Department of Environment, Climate and 
Communications (DECC) 

National Oil Balance (as a component of the energy balance) 

TABLE 1 LIST OF THE KEY DATA PROVIDERS OF THE RESIDENTIAL ENERGY DATA FOR THE YEAR 2019  

The SEAI is the primary source of activity data for the sector providing the annual energy balance sheets and 

collecting the observations made in the context of the Building Energy Ratings (BER) audits. Next to the SEAI, 

the CSO conducts regular household surveys, resulting in a comprehensive set of data at discrete moments in 

time.  First, there is a nation-wide, five yearly survey. Usually, data is extrapolated until the result of the next 

survey is available. Secondly, the CSO also conduct regular household behaviour surveys that focus on special 

topics, such as ‘household energy’ use. They are only conducted on a small, selected sample of the whole 

population. The primary surveys, relevant for this analysis, are the Quarterly National Household Survey (QNHS) 

module Q2 of 2014 and the General Household Survey (GHS) module Q3 of 2021. The next paragraphs present 

an overview of the latest data that is available at the time of the review in 2021.   

2.3.2.1 The National Five Yearly Census of the Population Survey  

The CSO conducts an extensive nation-wide household survey on a five yearly basis, reaching out to every 

household. Based on the 2011 and 2016 Census the CSO have published information on the primary (central) 

heating system used at County level and Dublin postal district level: 
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https://www.cso.ie/en/releasesandpublications/ep/p-

copep/thecensusofpopulationfromanenvironmentperspective2011and2016/ 

This data will be updated as part of the 2022 census of Ireland which was held on Sunday, 3 April 2022.  This 

census was originally planned for 18 April 2021 but was postponed due to the COVID-19 pandemic.  The key 

summary data should be available by the autumn of 2022 at the earliest, although the raw data may not be 

available until 2023. This timing is too late to consider for use within any of the remaining tasks within this 

project 

2.3.2.2 The Quarterly National Household Survey (QNHS), Q2 2014 

The QNHS is a survey designed to produce quarterly labour force estimates that include the official measure of 

employment and unemployment in the state (International Labour Office classification). The survey also 

conducts special modules on different social topics each quarter. The Quarter 2 2014, QNHS survey focussed on 

the environment.  As part of this survey, the recipients answered questions about their energy usage. A 

distinction was made between primary and secondary heating sources.  

Hereunder we present a brief overview of the key findings that are relevant for this report. The results are based 

on the answers of 13032 recipients.  

Primary energy heating sources  

• Natural gas was the main fuel used to heat 35% of households. These rates were highest for terraced houses 

(59%) and semi-detached houses (54%). In urban areas, 53% of households used natural gas as their main 

heating source, whereas only 1% used it in rural areas reflecting the availability of the gas distribution 

network. 

• 43% of households in rural areas used kerosene as their primary heating source. A further 20% used diesel 

or gas oil. In the Midland region 38% of households used kerosene and 34% used peat. 

• Electricity was the main heating source in 45% of apartments compared with a national rate of 6% of 

households. Natural gas was the main heating source used in 44% of apartments. 

 

FIGURE 2 EXCERPT OF FIGURE 7 FROM THE QUARTER 2 2014, QNHS SURVEY, SHOWING THE MAIN FUELS TYPES USED TO 

HEAT THE MAIN HOMES TYPES 

https://www.cso.ie/en/releasesandpublications/ep/p-copep/thecensusofpopulationfromanenvironmentperspective2011and2016/
https://www.cso.ie/en/releasesandpublications/ep/p-copep/thecensusofpopulationfromanenvironmentperspective2011and2016/
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Secondary sources  

The most popular additional home heating source was an open fire or open fire with a back boiler which was 

reported by 38% of households. Stoves or ranges were the next most popular option at 24%.  There were sharp 

differences between rural and urban areas in relation to the use of stoves or ranges: 47% of rural households 

used them compared with 12% of urban households. 3% of apartments did not use any additional heating 

sources. 

Coal (28% of households), wood logs (23%), and peat (16%) were the most popular fuels used in the open fire 

for supplementary heating. Wood logs were used by 29% of rural households as a fuel in their stove or range. 

2.3.2.3 General Household Survey (GHS), Q3 2021  

The GHS is a national survey which is part of an EU-wide programme. The surveys take place three or four times 

each year and each survey usually has a specific theme. In the Quarter 3 20213, GHS survey, the Environment 

module4 took place, the aim of which is to collect information on the use of energy within households. Some of 

the questions asked were based on the 2014 QNHS environment survey.  

Hereunder we present a brief overview of some of the main findings of the 2021 CSO Household Environmental 

Behaviours survey on the topic of solid fuel household heating, as stated on the CSO website. Results are based 

on the answers of 25000 recipients. 

• 53% of urban households and 4% of rural households use natural gas as their main heating fuel (see 

Figure 1 and Table 1 below, taken from; the website report). 

• Wood logs (18%), coal (18%) and peat (12%) were the main fuels used for additional heating in open 

fires (see Table 3). 

• Use of solid fuels (wood logs, coal, peat and wood pellets) also varied by region and was highest in the 

Midland region where 31% of households used solid fuel as their main heating fuel. It was lowest in 

Dublin with 2% of households reporting using a solid fuel as their primary heating fuel. 

• Figure 3 shows a comparison of the main fuels or energy sources used to heat homes by urban and 

rural location. In urban areas 53% of households used natural gas as the main heating fuel in their 

homes while in rural areas 53% of households reported that kerosene was their main heating fuel. 

• Figure 4 shows a comparison of fuels used for additional heating in open fires by urban and rural 

location. A majority of households (73%) did not use an open fire for additional heating. In rural areas 

22% of households used wood logs in their open fire for additional heating, 22% used coal and 15% 

used peat. 

 
3 
https://www.cso.ie/en/csolatestnews/pressreleases/2021pressreleases/pressstatementhouseholdenvironmen
talbehaviours-energyusequarter32021/ 
4 Household Environmental Behaviours - Energy Use Quarter 3 2021 - CSO - Central Statistics Office 

https://www.cso.ie/en/csolatestnews/pressreleases/2021pressreleases/pressstatementhouseholdenvironmentalbehaviours-energyusequarter32021/
https://www.cso.ie/en/csolatestnews/pressreleases/2021pressreleases/pressstatementhouseholdenvironmentalbehaviours-energyusequarter32021/
https://www.cso.ie/en/releasesandpublications/er/hebeu/householdenvironmentalbehaviours-energyusequarter32021/
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Figure 3 Excerpt (of Figure 1) from the Quarter 3 2021, GHS survey showing the main fuels per rural 

and urban area 

 

FIGURE 4 EXCERPT OF (FIGURE 2) FROM THE QUARTER 3 2021, GHS SURVEY SHOWING THE MAIN FUELS PER RURAL AND 

URBAN AREA 
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2.3.2.4 The SEAI Building Energy Ratings (BER) Database  

The BER scheme and database are audited and administered by the SEAI. The database contains a wealth of data 

on the physical characteristics of the housing stock in Ireland.  The latest BER database comprises over 900000 

dwellings and covers the period from January 2009 to September 2020:  

https://ndber.seai.ie/BERResearchTool/ber/search.aspx 

The database includes provisional BERs, which are usually based on the architect plans as the house is not yet 
built.  The file excludes multiple BERs for a dwelling (only the latest is included). The CSO analyses the BER 
database and produces high-level statistics on the numbers of BERs, which are released in quarterly bulletins. A 
linked analysis of BERs and the most recent 2016 Census of Population is available at:  

https://www.cso.ie/en/releasesandpublications/ep/p-

dbersp/domesticbuildingenergyratingsfromasocialperspective2016/ 

A report on the Quarterly Domestic Building Energy Ratings is published at: 

 https://www.cso.ie/en/releasesandpublications/er/dber/domesticbuildingenergyratingsquarter42021/ 

 

 

2.3.3 Analysis of the EPA’s existing residential emissions tool 

The existing tool used by the EPA emissions team to compile the residential emissions of the Irish emission 

inventory consists of an Excel file that allows for the calculation of residential emissions for the years 1990 until 

2019 (currently). The methodology follows mostly a Tier 1 approach (for all fuel types) and additionally, a Tier 2 

approach for biomass as fuel. A large number of fuel types is taken into consideration, among which natural gas 

and different kinds of coal, peat, oil and renewables, respectively (see Table 2).  

From the Tier 2 approach for biomass, 81% of the PM2.5 emissions from residential non-peat biomass burning 

originates from boilers and stoves that use all wood types except pellets and chips. The remaining 19% of the 

PM2.5 emissions derive thus from pellet stoves and boilers. 

Key conclusions on the existing data   

• The five yearly census provides valuable data on the primary heating sources but not the 

secondary sources. The 2022 census data is expected from the autumn of 2022 at the earliest, 

although the raw data may not be available until 2023 which is too late to consider for use 

within any of the remaining tasks within this project. 

• The CSO conducts additional household surveys which sometimes also include modules on the 

environment, differentiating between primary and secondary heating sources.  A repeat of the 

2014 QNHS environment survey is expected soon in 2022.  Due to the fluctuating energy market 

and knock-on effect on domestic heating use behaviour an annual update would be better.    

• The BER database is the best source of data on the physical characteristics of the residential 

housing stock in Ireland.  It will be assessed later in this chapter how this dataset could support 

the Action B8 local air quality policies.  If this dataset has a decent spatial representative of the 

heating appliances types across Ireland, that information would be useful for future policy on 

phasing out certain appliances.  

https://ndber.seai.ie/BERResearchTool/ber/search.aspx
https://www.cso.ie/en/releasesandpublications/ep/p-dbersp/domesticbuildingenergyratingsfromasocialperspective2016/
https://www.cso.ie/en/releasesandpublications/ep/p-dbersp/domesticbuildingenergyratingsfromasocialperspective2016/
https://www.cso.ie/en/releasesandpublications/er/dber/domesticbuildingenergyratingsquarter42021/
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The methodology makes use of information concerning the Irish energy mix and data on the use of the different 

fuel types. Emission factors are in-line with European recommendations (European Emission Inventory 

Guidebooks).  

2.3.3.1 Emission Factors  

According to the most recent report (2021) Sector Residential (1A4bi) Tier 1 emission factors from the Inventory 

guidebook (EMEP/EEA, 2019) are used for all fuels, except for (traded) Biomass. A Tier 2 method is applied to 

emissions from (traded) Woody Biomass. The following table provides an overview of the emission factors used 

for PM2.5 for the different fuel types and Tier 1/Tier 2 approaches. 

TABLE 2: PM2.5 EMISSION FACTORS AS FUNCTION OF FUEL TYPE AND METHODOLOGY USED FOR CALCULATION AS USED TO 

COMPILE THE IRISH RESIDENTIAL EMISSION INVENTORY 

Fuel Type PM2.5 EF [kg/TJ] Approach/methodology 
Coal* 398 Tier 1 

Peat** 398 Tier 1 

Kerosene 1.5 Tier 1 

LPG 0.2 Tier 1 

Gasoil, diesel, DERV 1.5 Tier 1 

Petroleum Coke 1.5 Tier 1 

Natural gas 0.2 Tier 1 

Wood pellets + wood chips 60 Tier 2: used in Pellet stoves and boilers 

Wood briquettes 470 Tier 2: used in combustion plants < 50 kW (boilers) 

(traded) Wood logs 470 Tier 2: used in combustion plants < 50 kW (boilers) 

(traded) Wood other 470 Tier 2: used in combustion plants < 50 kW (boilers) 

Wood non-traded 740 Tier 1 (not used in Tier 2 approach) 

*Coal EF is applied to 1) bituminous coal, 2) anthracite + manufactured ovoids and 3) lignite.  

**Peat EF is applied to 1) Sod peat and 2) briquettes. 

As Table 2 points out, a Tier 2 methodology is currently applied  to the fraction of biomass as solid fuel that is 

traded (i.e. wood pellets, wood chips, wood briquettes, traded wood logs and other traded wood). This part 

accounted in 2019 for 56% of the assumed biomass use as solid fuel in the residential sector. The remaining 44% 

of the biomass consisted of non-traded wood, for which the Tier 1 emission factor (740 kg/TJ) was used.  

All above mentioned PM2.5 emission factors do not change in time, i.e. there is no dependence included on the 

mean age of the solid fuel technological appliances present in Ireland in a given year. 

The EPA Emissions Inventory Team plans to account more completely for technological improvements over time 

by attempting to apply Tier 2 emission factors that refer to different types of stationary combustion appliance 

for the fuels in common usage, especially in sub-categories 1A4a Commercial/Institutional combustion and 

1A4bi Residential combustion. Ireland has investigated the use of Tier 2 method for 1A4bi Residential emissions 

of PAHs, PCBs, Cd, Hg, Pb and PCDD/F following a review recommendation (IE-1A4bi-2018-0002). 
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2.4 The Spatial and Temporal Residential Emission Methodology for Ireland 

Here we describe briefly how the residential emissions are spatially prepared.    

Spatial distribution of the Emission Inventory was first carried out by the University of Aarhus, Denmark, in 2019. 

They developed for this purpose an integrated spatial emission mapping model for Ireland, MapEIre. Spatial 

distribution in this mapping model is carried out by sector, using the most detailed data available at that time 

(2019). For the stationary combustion plants in the residential sector the spatial information comes from the 

CSO census data and the BER data. The distributed emission calculations combine this information with the 

estimated unit consumption, calibrated with the estimated national residential fuel consumption and the 

emission factors used in the emission inventory. 

The following calculation sequence is made for the fuel types oil, natural gas, coal, peat, LPG, wood, and “no 

central heating”, the latter being estimated as ½*coal+½*peat. 

• Energy consumption per residential unit [GJ] = Total energy consumption [GJ] / Total number of 

residential units 

• Emission per residential unit [kg] = Energy consumption per residential unit [GJ] * Pollutant specific 

emission factor [g/GJ] / 1000 

• Emission per small area [kg] = Emission per residential unit [kg] * Number of residential units by small 

area 

This results in the following emission map for PM2.5 for NFR sector 1A4bi (residential combustion): 

Key conclusions on the methodology used:   

• A comprehensive Excel based approach is used. This works well for the emissions reporting 

team. 

• Tier 1 methodology is used for all solid fuels except for traded wood.   

• Residential coal, biomass and peat combustion are the key causes of uncertainty, primarily 

because of the lack of information over quantities and ad-hoc use.    

• None of the PM2.5 emission factors change in time, i.e. the mean age of the solid fuel burning 

appliance is not considered. This information would be necessary if the policymakers would like 

to look at scenarios to phase out for example older appliances.   

• It is not clear yet at what spatial resolution the residential solid fuel emissions data is available. 

This data is important to obtain a representative distribution of the PM concentrations to a high 

spatial resolution i.e. at town and village level. The topic of spatial resolution will be addressed in 

the next section 2.4.   

https://projects.au.dk/mapeire/
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FIGURE 5: SHARE OF THE PM2.5 EMISSIONS BY GRID CELL FROM STATIONARY COMBUSTION IN THE RESIDENTIAL SECTOR 

(PLEJDRUP ET AL., 2018) 

 

  

Key conclusions Spatial and Temporal Residential Emission data:   

• The residential emissions data from MapEIre is available at 1km2. This means that the resolution is 

not ideal to distinguish detailed hotspots across a typical rural location when looking at the PM2.5 

and PM10 ambient maps.  Thus, if targeted policy is required for a specific town, a higher 

resolution is required.   

• A higher resolution could be prepared if information on the type of heating appliance or fuel used 

is available at a higher resolution e.g. per small area or per household level (e.g. via EIRCODE).  On 

a first review of the BER data it seems that the data is available per house level, but the data is 

biased towards newer dwellings (limited dataset). A BER audit is only necessary when buying a 

house or for new houses, resulting in this bias. Extra information is therefore needed to obtain a 

higher resolution.  

• Alternatively, and in addition, we recommend linking in with the Action A2 Measurement 

Campaigns. The data from a dense network of low-cost PM sensors at a selected town, together 

with the reference air quality station data could be used to improve the emissions data being 

used in the air quality model.   More information is provided in the final chapter.   
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2.5 Emission projections (IIR 2021 report) for the NEC 

One of the objectives of Action B.4 is to assess the feasibility of extending the Action B.3 modelling framework 

(ATMO-Street) to allow the assessment of the impact of the National Emissions Ceilings (NEC) reduction 

commitments on the future ambient air quality in Ireland.   

Emission reduction commitments have been set for Ireland for 2020 and 2030 for NOx, SOx, NMVOC, NH3, and 

PM2.5. Table 3 below details the emission reduction targets in place for each pollutant for 2020 and 2030 for 

Ireland under the new National Emissions Ceilings Directive i.e. the National Emission reduction Commitments 

Directive (previously National Emission Ceilings Directive) (NECD). 

TABLE 3  EMISSION REDUCTION COMMITMENTS FOR 2020 AND 2030 (EXPRESSED AS A PERCENTAGE REDUCTION ON 

2005 LEVELS) 

Pollutant SO2 NOX NH3 NMVOC PM2.5 

2020 65% 49% 1% 25% 18% 

2030 85% 69% 5% 32% 41% 

In the context of the emission reduction targets above, two national emission scenarios are presented: the With 

Measures (WM) and With Additional Measures (WAM). For the LIFE EMERALD project, it is worth noting some 

key points regarding these scenarios for the Action B.4 feasibility use case and for the local scenarios, Action B.8. 

The two national emission scenarios are based on two energy projection scenarios, compiled by Sustainable 

Energy Authority of Ireland (SEAI) in conjunction with the Economic and Social Research Institute (ESRI), and 

University College Cork on the one hand and agricultural projections provided by Teagasc (Agriculture and Food 

Development Authority) on the other hand. The ESRI produce energy demand projections using the I3E model 

(Ireland Environment, Energy and Economy model)5. The energy projection scenarios are the Baseline energy 

projections and the Advanced energy projections. 

• The Baseline energy projections account for Ireland’s energy demand, incorporating the expected 

impacts of policies and measures that were in place (e.g. legislatively provided for) by the end of 

2018. It represents a hypothetical future scenario in which no further policy actions or measures have 

been taken. 

• The Advanced energy projections present an alternative view of future energy demand that accounts 

for further implementation of the With Additional Measures scenario, in addition to the 

implementation of planned Government policies and measures such as Ireland’s 2019 Climate Action 

Plan6. 

The Baseline energy projection underpins the WM emission scenario for the energy sector and the Advanced 
energy projection underpins the WAM emission scenario for the energy sector. 

It is interesting to also look at the key trends of the scenarios in comparison with the emission reduction targets. 

Emissions projections for PM2.5 for the WM and WAM scenarios are presented in the table below. Overall, the 

PM2.5 emission projections predict compliance with the 2020 and 2030 emission reduction target under both 

the WM and WAM scenarios. Emissions from Residential and Commercial combined are the largest 

contribution to the projected emissions. 

 

 
5 https://www.esri.ie/current-research/the-i3e-model 
6 https://www.gov.ie/en/publication/67104-climate-action-plan/ 
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TABLE 4: PROJECTED EMISSIONS OF PM2.5 UNDER THE WITH MEASURES AND WITH ADDITIONAL MEASURES SCENARIOS 

(KT) 

 

Regarding the residential sector, it is noted that: 

• It is assumed that NOX, NMVOC, NH3 and PM2.5 emission factors remain the same as in the 2018 national 

inventory. 

• The following policies and measures are included in the Baseline (WM) energy projection: 

• ReHeat 

• 2002 Building Regulations -Dwellings 

• 2008 Building Regulations -Dwellings 

• 2011 Building Regulations –Dwellings 

• 2019 Building Regulations - Dwellings 

▪ Greener Homes Scheme 

▪ Energy Efficient Boiler Regulation 

▪ Domestic Lighting 

▪ Warmer Homes Scheme 

▪ Warmth and Wellbeing Pilot 

▪ Deep Retrofit Pilot 

▪ Better Energy Communities - Household 

▪ Better Energy Homes 

▪ Major Renovations - Dwellings 

▪ Smart Meter Roll-Out - Household 

▪ Supplier Obligation Non-Grant - Residential 

▪ Heat Pump Supports – Domestic 

▪ Other Domestic Retrofit 

• The Advanced energy (WAM) projection includes an extension of the following policies and measures: 

• Warmer Homes Scheme 

• Warmth and Wellbeing Pilot 

• Deep Retrofit Pilot 

• Better Energy Communities - Household 
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• Better Energy Homes 

• Smart Meter Roll-Out – Household 

• Heat Pump Supports – Domestic 

• Other Domestic Retrofit 

Cross-cutting measures impacting key energy sectors: there are cross-cutting measures that have a significant 

impact across a number of sectors in terms of energy consumption and a reduction in emissions. These included 

carbon tax and supports for renewable heat which are described below. 

Carbon tax is a cross-cutting measure that applies to industry, residential, commercial services, transport and 

agriculture fuel. Under the WM scenario, the current rate of carbon tax (€20 per tonne of CO2) is assumed across 

the projected period. Under the WAM scenario the carbon tax increases to €80 per tonne of CO2 by 2030.  

In terms of renewable heat, both the WM and WAM scenario assumes 1,600 GWh of additional renewable heat 

(six year ramp up 2020 to 2025) supported under the Support Scheme for Renewable Heat (SSRH)18. It is also 

assumed that 175,000 heat pumps replace residential oil boilers by 2030 under the WM scenario. Under the 

WAM scenario, it is assumed that 385,000 existing residential oil boilers, gas boilers and electric heaters are 

replaced with heat pumps. District heating is also assumed to be deployed (additional 120 GWh by 2028 growing 

linearly from 2023). 

 

2.6 Conclusions and the Way Forward 

Chapter 2 presented a review of the current methodology to prepare the residential emissions for Ireland. An 

overview is given of the different data sources available as an input for the air quality models that will be set up 

in the next project Actions. The current approach for spatially distributing the emissions is also evaluated, 

demonstrating the strengths and shortcomings of the current data. This leads to some preliminary conclusions 

regarding the usefulness of the data as: 

a. Input for the ATMO-Street maps 

b. Input for scenario calculations. 

Key conclusions on the emission reduction projection scenarios for Ireland under the NEC:   

• The 2021 report outlines NEC Emission reduction commitments for Ireland for 2020 and 2030 for 

NOx, SOx, NMVOC, NH3, and PM2.5.   

• The SEAI compiled two energy projections scenarios which are used in those national emission 

projections: With Measures (WM) and WAM (With Additional Measures). The latter containing 

‘residential heating’ measures e.g. (more heat pumps retrofitting) as stipulated in the 2019 

Climate Action Plan.   

• A key component of the projected emissions was measures to be taken in the residential housing 

sector together with the commercial. 

• Thus, we can conclude that energy projection data is available that could be used for assessing 

the impact of the WM and WAM scenarios on the ambient air quality for 2030.  

• As the NECD reductions are updated annually, the latest projections can be used.   

• It was noted during discussions with DECC in June 2022 that the New Solid Fuel Regulations under 

the Air Quality Action Plan have not yet been incorporated into the most recent NEC projections. 
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2.6.1 Analysis of the Solid Fuel Data as Input for the Action B.3 ATMO-Street Model  

As described in the sections above, there is a wealth of existing data sources in Ireland, especially regarding 

primary heating installations.  This data has been used to generate the emission inventories that are used in the 

MAPEIre model to generate the spatial residential emission data at 1km2. It is our opinion that this is the ‘best’ 

data available at the time of writing this report, as input for the Action B.3 air quality models. 

Where this data is lacking is in the resolution.  As it’s only 1km2 it is not possible to see hotspots in typical rural 

environments.  Thus, a further improvement of the resolution is preferred. However, on a further review of the 

BER data, it appears that the current data cannot be used for this purpose.  More detailed information on the 

heating type per individual dwelling seems to be the only solution.  The BER database is already providing this 

information for a part of the dwellings, but the selection of these dwellings leads to a data bias.  This challenge 

is often observed in other countries. The CSO data provides information on the primary fuel used in the central 

heating in every household but as the secondary fuel sources are not picked up, it’s not possible to get full view 

per household. Relevant solutions will be examined further in this report. 

To conclude, all data that is needed for the models is available. Further downscaling of the resolution is not yet 

possible but specific strategies (ref. Chapter 5) have been initiated in the amended Task B.1.2 (Residential 

Emissions Modelling Assessment) to try to obtain more detailed data for specific towns. 

2.6.2 Analysis of the Solid Fuel Data as Input for the Action B.4 National and B.8 Local 
Policy Scenarios   

As far as the possibilities to use this emission inventory for the purpose of scenario calculations are concerned, 

the analysis thus far shows that the suitability of the inventory depends on the pursued type of scenario: 

1. Policy scenarios in which the impact of certain types of fuel switches are assessed can be investigated 

using the emissions of the current residential emission inventory. There is enough distinction made 

between the ‘clean’ fuels (in terms of PM2.5 emissions), such as LPG, gasoil, petroleum and electricity, 

and the ‘dirty’ fuels, such as coal, peat and biomass. It can be expected that an assessment of e.g. an 

emission scenario with the ATMO-Street tool in which a certain fraction of today’s coal, peat and wood 

as fuel is replaced by e.g. LPG will result in air quality maps that clearly show the improvements 

associated with this measure. Of course, there are uncertainties going along especially with the 

geographical distribution of the decreases of PM2.5 concentrations. 

2. Policy scenarios that focus on the technical aspects of the solid fuel appliances in use are in contrast 

much more difficult to assess with the current emission inventory. This is because very little distinction 

with respect to the types of appliances that are currently in use are made.  It appears that the only 

distinction made is between pellet (and wood chips) stoves on the one hand and all other types of 

appliances on the other hand. Hence, with the current inventory it is not possible to assess a scenario 

in which e.g. open fireplaces are replaced by a ‘cassette type’ appliance, which has considerably lower 

emission factors. Furthermore, the current inventory does not make any distinction based on the age 

of the appliance, whereas it is well known that technical improvements of appliances in general lead 

to lower emissions from new appliances in comparison to those originating from older appliances.  

Regarding the national level scenarios under B.4.; although the data must be further examined, it is clear that 

relevant energy projections are available to assess the impact of national level measures that will be taken in 

the residential sector.   It has been noted that many of these measures are taken up in the Climate Action Plan 

and thus in Action B.4 the Climate Action Plan measures will be assessed in more detail.   
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3 Chapter 3 Solid Fuel Residential Heating Policy 

In this chapter we present a short overview of the current solid fuel policy in Flanders including some lessons 

learnt and we highlight the key actions and lessons learnt by the Malopolska region during implementation of 

their recent anti-smog legislation in Krakow and the rest of the region, together with information on the tools 

they use to support this policy, where relevant.   

Thereafter we conclude with an overview of the new Solid Fuel Regulations in Ireland.   

3.1  Solid Fuel Policy in Flanders 

3.1.1 Flemish Policy regarding Domestic Solid Fuel Emissions (2018-2021) – Green Deal on Domestic Wood 

Heating  

To tackle elevated PM2.5 emissions in Flanders due to residential home heating, primarily by wood, the Flemish 

government established a Green Deal on Domestic Wood Heating in 20187.   The deal comprises of a package of 

about 27 proposed measures and aims in general to reduce solid fuel emissions caused by domestic heating by 

50%.  One of the key policy measures proposed focused on eliminating the most polluting appliances i.e. open 

fireplaces, old wood stoves (>10years old) etc. as scientific evidence showed that these appliances contributed 

to about 80% of the emissions.  Thanks to technological advances newer appliances, if they confirm to the 

standards, are and will be permissible.  This approach, however, necessitates a very detailed inventory of the 

solid fuel appliances that are present in Flanders. VITO were contracted to assist VMM in preparing the detailed 

inventory.   

A few years ago, it was proposed to obtain this information by launching a survey in Flanders on the use of solid 

fuel appliances for residential heating purposes.  The survey consisted of a questionnaire (Ref: ANNEX A: List of 

questions of the Flemish Survey regarding the composition of the stove park) that was sent to a representative 

sample of households that use solid fuel.  The aim was to obtain information on the types of appliances used 

and the quantity of solid fuel used. However, it turned out to be very difficult to get reliable information on the 

biomass consumption during any single year. In the case of wood, most respondents were able to specify the 

number of pellets they bought, but for all other types of wood, especially non-traded wood, this was not possible 

as the wood was often derived from multiple sources.  

Regarding the intended inventory of appliance types, in the end the survey yielded a snapshot of the types of 

solid fuel appliances used in Flanders at the moment the survey was carried out.  However, the distribution of 

solid fuel appliances in reality is dynamic in time.  Even without policy intervention, old and less energy-efficient 

appliances are naturally phased out, leading to a renewal rate of the appliances as time goes by. Of course, 

measures taken by policy makers can lead to an acceleration of this renewal rate. 

To be able to assess the impact of different possible measures to accelerate the phasing out of the most polluting 

stoves the design of a tool has started that models the distribution of stoves under certain scenarios. Firstly, 

under a certain business-as-usual (i.e. autonomous) rate of renewal of the appliances in Flanders baseline, and 

additionally, under certain measures the impact of an accelerated renewal rate based on the projected 

distribution of the heating appliances in future years in Flanders. Assumptions should be possible to make 

concerning the new appliances that replace the most polluting ones (e.g. pellet stoves, heat pumps, gas, …). The 

old appliances (with high emission factors) are taken out of the distribution and new appliances (with low 

emission factors) replace them. In this way the reduction in emissions that are associated with each 

‘replacement’ can be calculated. Additionally, it is planned to add the possibility to specify in the tool to which 

 
7 https://omgeving.vlaanderen.be/green-deal-huishoudelijke-houtverwarming 
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end the rate of renewal is expected to change under a certain policy option, making it possible to compare 

different policy elements, such as taxes, subsidies, etc. 

From this starting point, scenarios can be constructed e.g. in a certain policy scenario phasing-out of the most 

polluting stoves could be accelerated, resulting in a stronger and faster decrease of emissions than in the 

autonomous scenario. There are rough estimates available for Flanders for several policy options (i.e. obligatory 

phasing-out, receiving a subsidy for the purchase of a recent stove, having to pay a tax on an old/polluting stove) 

and the way they likely will change the replacement rates of stoves. Such kinds of scenario can serve as a first 

estimate of the effects of various policy options, which later when more/better data will be available can be 

refined.  Currently, this tool is still in a design phase.  Regardless, some of the above scenarios have been done 

without the tool. 

3.1.2 Current Flemish Policy regarding Domestic Solid Fuel Emissions (2022)  

Considering the current energy crisis, a second package of measures is being investigated, as some of the 

measures proposed originally in the Green Deal may now, for economic reasons, not be fully obtainable. 

Specifically, short term action has been taken regarding solid fuel burning. The increasing awareness of the 

relevance of solid fuel emissions from residential heating appliances amongst policy makers led to the 

introduction of a solid fuel ban in the winter of 2021/2022 during peak PM episodes (see Figure 6). Except for 

households that do not possess any other form of residential heating, it is advised against the use of solid fuel 

during these episodes. This measure not only improves the air quality, it also raises awareness in the population 

of the importance of these emissions on human health.  

 

FIGURE 6 Announcement on the Flemish Environment’s Agency website from 22 nd March 2022 advising 
citizens with a wood burner not to use it this week due to the current elevated PM concentrations in 
the air.  

3.2  Solid Fuel Policy in Malopolska 

Over the past decade or more the southern Polish region of Malopolska and its capital Krakow have 

implemented anti-smog legislation to significantly reduce residential emissions, which were primary 

contributors to the exceedances of annual average concentrations of PM10, PM2.5 and benzo(a)pyrene.   Source 

apportionment and other scientific studies performed as part of air quality plans demonstrated that solid fuel 

emissions from the residential heating sector, especially single-family households were the primary sources.   
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When the anti-smog legislation was enacted with the support of a LIFE Integrated Project (“Implementation of 

the Air Quality plans for the Malopolska region”) that commenced in 2015, the region implemented measures 

that were aimed at helping citizens to replace the most polluting heating appliances being used.  Although the 

Irish situation is different to the PM hotspot of southern Poland, especially regarding the energy fuel mix (e.g. 

higher use of coal) and severity of the pollution; the implementation process, effectiveness and lessons learnt 

may be useful to know.   

3.2.1 Key findings and lessons learnt during implementation  

• Ensure that the measures will have adequate legal basis.  The initial attempt in Krakow to implement 

the legislation failed as it was repealed by the administrative court due to inadequacies in the law. In 

2015 appropriate changes to the law were introduced which made it possible to adopt the resolution 

in 2016 and allowed subsequent resolutions to be introduced - also in other regions.  

• In 2010 an analysis of the impact of residential heating in Krakow highlighted that only a total ban on 

solid fuels would be sufficient to meet the required improvement in air quality. This ban was then 

defined in the Air Quality Plan of 2013 and the associated anti-smog legislation for Krakow was adopted 

in 2016 and September 2019 was set as the date for implementation of the ban.  

• For the rest of Malopolska various scenarios for the reduction of residential emissions were performed 

as part of the 2016 Air Quality Plan.  This resulted in the legislation adopted in 2017 which stipulates 

key deadlines for replacement of the most polluting boilers: 31 December 2022 (deadline for 

replacement of solid fuel boilers which do not comply with any emission standards) and 31 December 

2026 (deadline for replacement of class 3 and 4 boilers). 

• The key measure in all of the plans was the replacement of solid fuel boilers.  The replacements were 

co-funded from various funding programmes (National/Regional Fund for Environmental Protection 

and Water Management subsidies, Regional Operational Programme for the Malopolska Region 2014-

2020), as well as the region and municipalities own resources.   

3.2.2 Factors contributing to successful implementation of the measures. 

• Krakow City created a subsidy programme with a high support rate for local residents, with:  

o up to 100% of eligible costs for applications submitted in the years 2014 – 2016; 

o up to 80% of eligible costs for applications submitted in 2017; and 

o up to 60% of eligible costs for applications submitted in 2018 and 2019 (until June 2030). 

• Dedicated information points were established to make it as easy as possible for residents to acquire 

information on the replacement subsidy process as well as the application process.  

• A dedicated “Local Shield Program” was set-up to tackle “energy poverty”.  For example, citizens who 

fall into this category would also receive subsidies for their ‘increased’ energy costs due to the 

replacement type, for a specific time period.   

• Acceptance of the measures and legislation was facilitated by the backing of a large portion of society 

who were already campaigning for better air quality in Poland for a long time (for instance in Krakow 

in 2013).  NGOs also played an important role in awareness raising and advocating for a better 

environment. 

• Outside of Krakow many of the local municipalities do not have the capacity to implement the 

requirements of the air quality plans and carry out the measures.  Within the LIFE Malopolska project 

a network of Eco-managers (could also be called ‘air quality managers’) was established to ensure that 

each municipality had dedicated specialists who could support residents in the process of boiler 

replacement and help raise awareness.  This concept was repeated in the Hungarian Integrated LIFE 

project as well as in Slovakia.   
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3.2.3 Key challenges faced. 

• The age and or energy ratings of some buildings were much too low to justify replacement of heating 

systems.  

• Lack of access to alternative heating fuel sources e.g. a gas connection. 

• Unwillingness to comply with the legislation. In the case of Krakow, the city works closely with the 

house owners to come to a solution.    

• Not all residents know of their obligations under the new laws.  In hindsight wider information 

campaigns were required to reach all residents across Malopolska.  

• Financing burden. 

3.2.4 Residential Emissions Data in Poland 

The Institute of Environmental Protection – National Research Centre in Poland has been developing a more 

detailed residential emissions database for Poland over the past few years where they currently have a spatial 

resolution to district (Voivodship) level.  

 

3.3  Solid Fuel Policy in Ireland 

The Irish Air Pollution Act 1987 sets out the current legislative framework to reduce air pollution from residential 

burning of solid fuels.  In the 1990’s, the first regulations focused on restriction of smoky coal in Dublin.  The ban 

was extended first to Cork and a further 39 urban areas over the past few years.  The current regulations (prior 

to the new regulation in late 2022) ban the sale, marketing and distribution and burning of specified fuels in 

these Low Smoke Zones. 

The existing regulations have resulted in a shift away from bituminous coal and peat, resulting in a clear decrease 

in related emissions, but without additional measures the emissions are expected to rise again between 2030 

and 2035. Under the National Clean Air Strategy, the Department of the Environment, Climate and 

Communications of Ireland (DECC) has developed new Solid Fuel Regulations for Ireland8.  The Regulations were 

formally proposed in 2021. The updated standards are: 

• Coal, coal-based products, any manufactured solid fuel, or peat briquettes will be required to have 

a smoke emission rate of less than 10g/hour. 

• Products with a biomass content greater than 30% but less than 100% will continue to have a 

smoke emission rate of less than 5g/hr. 

• The sulphur content permitted for all fuels will be reduced from 2% to 1% over time. 

• Wood sold in single units under 2m³ will be required to have a moisture content of 25% or less 

(moving to 20% within four years) and wet wood sold over these volumes will be required to come 

with instructions for the purchaser on how to dry this wood. 

These regulations are driven by the scientific evidence, some of which is documented in the preceding and next 

chapters.  In short, these regulations aim to:  

• broaden the regulation of specified fuels in designated areas to regulations that apply across the entire 

state;  

• increase the range of specified fuels to be regulated (including, but not limited to, green/wet wood and 

peat/peat products), to ensure that only the cleanest products are available for sale; and 

 
8 gov.ie - Government agrees new regulations on solid fuels (www.gov.ie) 

https://www.gov.ie/en/press-release/26f90-government-agrees-new-regulations-on-solid-fuels/
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• adapt the regulatory approach based on the most appropriate legislative instruments for each fuel type. 

These regulations will also set minimum standards for all solid fuels. More information can be found on the 

National Standards Authority of Ireland website 9.  

The potential gain with the new regulations is assessed in the report “Nationwide Solid Fuel Regulation Analysis, 

2022”. The assessment looks at improvements in terms of effects on emissions, on public health, and on the 

environment. It is clear that a range of possible outcomes can be expected from the regulations. The analysis 

therefore starts from 2 possible scenarios: 

• A fuel switch scenario where dwellings using fuel types that are no longer allowed switch to a 

cleaner fuel type, without changing the heating appliance. 

• A technology shift scenario where these dwellings switch to a greener heating appliance. 

The scenarios represent the 2 extremes and in reality, a mix of the scenarios is expected. Both scenarios show 

clear benefits for the PM and NMVOC emissions. The fuel switch scenario predicts a small increase in NOx and 

SOx emissions whereas the technology switch scenario predicts a decrease in all pollutants. This is a minor 

concern as the absolute contribution of residential SOx and NOx emissions to the total emissions are much 

smaller. 

Another part of the National Strategy is the installation of 400,000 heat pumps in existing dwellings. Besides 

having an impact on total emissions, research 10  shows that focusing this installation on specific pollution 

hotspots can have a major impact on local air quality. This will allow to maximise the gain in air qualitive for the 

lowest possible cost. 

The effect of the new regulations on energy poverty in Ireland is also monitored. It appears that the fuel switch 

scenario only has marginal impacts on the energy cost. 

To conclude, in consideration of the data listed in Chapter 2 and the information presented in the “Nationwide 

Solid Fuel Regulation Analysis, 2022”, it appears that there is sufficient data to model the impact of the new 

regulations on the ambient air quality. This could be done within Action B.4 on a national level and within Action 

B.8 assessing the impact on particular towns.   

Further to discussions with DECC in the early autumn of 2022, the following are interesting scenarios that could 

be investigated: 

1. 100% switch to cleaner fuels e.g. switch all solid fuel (coal, peat, wood, etc.) to gas/heat pumps. 
2. Impact of the national fuel ban in a particular town. 
3. Impact of secondary fuel sources. 
4. Including the health impacts is important. Including morbidity impacts would be interesting for the 

Health Service Executive (HSE). 

The emissions data and the measures outlined in the report will be analysed in greater detail in Q4 2021/Q1 
2023 in conjunction with Actions B.4 and B.8, to decide on the specific measures that will be modelled for those 
actions.    

 

9 New standard for verification of environmental parameters of certain solid fuel supplied to the residential 

market in Ireland being developed | NSAI 

10 https://doi.org/10.1016/j.aeaoa.2022.100155 

https://www.nsai.ie/about/news/new-standard-for-verification-of-environmental-parameters-of-certain-solid-fuel-supplied-to-the-residential-market-in-ireland-being-developed/
https://www.nsai.ie/about/news/new-standard-for-verification-of-environmental-parameters-of-certain-solid-fuel-supplied-to-the-residential-market-in-ireland-being-developed/
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4 Chapter 4 Overview of Recent Relevant Research Projects 
4.1  Introduction 

The EPA are continually improving their scientific evidence data base.   One of the ways they do this is by 

involving the wider research community in Ireland.  In this chapter we list some recent relevant research 

projects whose outputs could be relevant for LIFE EMERALD and, in particular, improving the knowledge base 

of the residential solid fuel emissions.    

Any ongoing projects whose outputs will be relevant will be followed through the project.   

TABLE 5: LIST OF PROJECTS  

Project Title Period Key Focus Coordinator 
RESOLFUL 2019 - 2021 Assessment of residential solid 

fuel use in Ireland and the 
promotion of a transition away 
from solid fuels 

Department of Economics, 
UCC 

John Eakins J.Eakins@ucc.ie 

Joint North-South 

study on Residential 
Solid Fuel and Air 
Pollution 

2013 - 2016 Residential Solid Fuel and Air 
Pollution Study for NI and DECC 

Ricardo 

Emission Factors from 
Domestic-scale Solid-
fuel Appliances 
(EFDOSOF)  

2014 - 2020 Determination of Emissions from 
a domestic-scale solid-fuel stove 
whilst burning common peat or 
biomass solid fuels burned in 
Ireland (peat briquettes, sod peat 
and wood logs – also wet) and 
comparison with emissions from 
bituminous (Polish) coal and 
manufactured “smokeless” 
nuggets. 

william.smith@ucd.ie 

University College Dublin 

Air pollution sources 
affecting air quality in 
Ireland 

2016 - 2021 Improved quantification incl 
source characterization of the 
most important air pollution 
sources in Ireland 

The Ryan Institute’s Centre 
for Climate and Air 
Pollution Studies National 
University of Ireland 
Galway 

Encouraging 
Environmentally 
Friendly Behaviour 
with Insights from 
Behavioural 
Economics  

2017 - 2020 The success of the Climate Action 
Plan depends on large-scale 
behavioural changes. This study 
aims to support environmental 
policymaking in Ireland with the 
goal of encouraging 
environmentally friendly 
behaviour. 

Leonhard K. Lades, 
leonhard.lades@envecon.ie 

EnvEcon, Dublin 
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4.2 Recent EPA Research Projects   

The EPA Research Programme is a Government of Ireland initiative funded by the Department of 

Communications, Climate Action and Environment. It is administered by the Environmental Protection Agency, 

which has the statutory function of co-ordinating and promoting environmental research. The projects listed 

here were mainly funded as part of the EPA Research Programme 2014–2020. 

4.2.1 Residential Solid Fuel Use in Ireland and the Transition away from Solid Fuels 
(RESOLFUL 

This research project aimed to carry out a thorough examination of the solid fuel residential heating market in 

Ireland using both existing literature sources and a new survey, aiding in the transition away from solid fuels. 

The factors that influence choices regarding residential heating and the barriers to transitioning from solid fuels 

are studied. The development of a new data set based on a survey of households is one of the primary 

contributions, including information on the type of solid fuel that households use (traded and non-traded), the 

quantities in which solid fuels are used and the solid fuel heating appliance or technology that households 

possess. The survey places a strong focus on providing accurate data for the use of non-traded fuels particularly 

wood and sod peat.  A key objective of the survey was to quantify the extent of solid fuel use, with a focus on 

quantifying the use of non-traded solid fuels, to help inform the SEAI’s current estimates of the sector through 

its annual energy balance statistics. 

The study starts with an analysis of the existing data sets. The analysis of primary fuel use is based on the Census 

of Population of 2011 and 2016, confirming that solid fuels are used by 12.4% of the Irish households as primary 

central heating. An econometric analysis is carried out for an in-depth study of the factors affecting choices 

regarding residential heating. Results are mostly in line with expectations and observations done in other EU 

countries. Some relevant results are: 

• There is a strong link between the choice for solid fuel heating and the location of the dwelling. This 

link is far less present for people using some type of coals as solid fuel. 

• Households that are currently using peat are more reluctant to switch away from solid fuel than 

households using another form of solid fuel. 

• Current price of oil makes more people switch toward solid fuels than people switching away from solid 

fuels. 

Analysis of secondary fuel use is based on the survey of household (CSO, 2016) and the BER data from the 

SEAI, indicating that more than half of the households uses solid fuels as a secondary fuel. Further analyses 

using econometric methods show important differences between the characteristics of primary and secondary 

solid fuel users, bringing forward the need of a specific approach when designing policy. 

A new data set is developed by means of an online survey, administered in February and March 2020. The survey 

uses as relatively small sample of 1,823 households, recruited via a quota sampling technique, and with a larger 

portion of solid fuel users. Weighted averages are used to generalise conclusions. The survey looked at: types of 

heating appliances, types of fuels (strongly disaggregated), extent of non-traded solid fuel use, general level of 

energy usages, age of heating appliances, reasons to use solid fuel heating appliances, awareness of link between 

climate/pollution issues and solid fuel use, etc. Some key results are: 

• More than half of households in the survey indicated that they used solid fuels (16% primary, 38% 

supplementary). Differences in the numbers may be explained by the small sample.  

• Most popular solid fuels used for primary heating were low smoke coal and sod peat. 

• Most popular solid fuels used for supplementary heating were wood logs, low smoke coal and peat 

briquettes. 
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• Average supplementary solid fuel use was estimated to be approximately three-quarters that of 

average primary solid fuel use. This indicates that policy also needs to be designed for these users. 

• The motivation to use solid fuel is very different between primary and secondary (supplementary) 

users: whereas for the primary users the access to (non-traded) solid fuel is an important way not to 

fall into energy poverty (“perceived lower cost”), the motivation for secondary users is much more 

diverse (pleasurable atmosphere).  

• Awareness of the environmental impact of using solid fuels is generally much more abundant amongst 

secondary users than this is the case amongst primary users.  

• Data from the two most recent censuses show that the number of households switching to solid fuels 

is greater than the number switching away from solid fuels. 

• The extent of the non-traded solid fuel sector was estimated to be approximately 27%.  

• Mainly peat is often non-traded (88%). 

In addition, the following useful conclusions are made: 

• Census 2022 only includes information on primary fuel use (not secondary) – results of the survey are 

expected at the end of 2022. 

• The study shows a clear need for annual surveys as fuel use depends on -among other things- oil, and 

gas price fluctuations. 

• There is a positive sentiment towards policy measures, especially those that are combined with a grant 

or other financial incentives. 

4.2.2 Research 385: Air Pollution Sources in Ireland - AEROSOURCE. 

The goal of this project was to deploy a state-of-the-art PM characterization technique, based on aerosol mass 

spectrometry together with source apportionment and meso-scale modelling, to quantify the most important 

air pollution sources affecting air quality in Ireland.  The project was commissioned in 2016 and conducted by 

NUI, CNR and UCC. 

A pilot network, named AEROSOURCE, was established across Ireland over a 3-year period (4 January 2016 to 3 

January 2019).  The results have shown that under polluted conditions, carbonaceous chemical species (e.g. 

organic matter and black carbon) prevail over historically dominant inorganic chemical species (e.g. sulfur and 

nitrogen), with carbonaceous species contributing from 60% to 90% of PM1. During extreme events (cold, 

stagnant conditions) PM1 mass concentrations reached 300 µg/m3 in Dublin, of which 70% was from organic 

matter sources, increasing to approximately 90% when considering total carbonaceous PM1. Burning of peat and 

wood, accounted for up to 70% of PM1 during these events.  

Analysis of seasonality revealed that emissions from peat and wood burning contributed 43% of total organic 

aerosol (OA) mass in winter. Likewise, coal emissions were higher in winter (contributing 11% of total OA) than 

in autumn or spring (less than 5% of total OA). The contribution from traffic was comparable over all seasons 

and constituted ~8–15% of total OA. 

Regarding the emission inventories used.  For the modelling, the project team used the standard state of the art 

emissions inventories (7km * 7 km), which are used in Europe for regional modelling: the TNO and EMEP 

datasets, as well as the MapEIre data.  However, none of the datasets could reproduce the high peaks found 

during the extreme events, particularly in Dublin.  Thus, the team developed an emissions dataset for secondary 

solid fuel emissions for Dublin that were added to the TNO inventory.   
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4.2.3 Research 329: Encouraging Environmentally Friendly Behaviour with Insights from 
Behavioural Economics (2020) 

The 2019 Climate Action Plan sets out targets for Ireland in sectors, including transport, residential heating and 

waste. To achieve these targets, infrastructure investments are essential. However, infrastructure investments 

are not enough, the investments must be paired with broad behavioural change. This report aims to support 

environmental policymaking in Ireland with the goal of encouraging environmentally friendly behaviour. 

This report draws on insights from the behavioural sciences (mainly behavioural economics and psychology) to 

support environmental policymaking in Ireland with the goal of encouraging environmentally friendly behaviour 

across several sectors.  A chapter in the resulting report is dedicated to the encouraging heat pump retrofits in 

the residential sector.  The report analyses decisions to invest in heat pump retrofits and highlights the “hassle 

factor” as a major behavioural barrier. The research demonstrates how reducing hassle can be more effective 

than increasing grants. 

As the findings of this report are directly less relevant to the LIFE EMERALD project and this B.1 task (Improving 

the MapEIre residential emissions dataset) than most of the other reports listed in this chapter, only a brief 

review of this report has been taken.   

 

4.2.4 Research 324: Emission Factors (EF) from Domestic-scale Solid-fuel Appliances 
(EFDOSOF) (2020) 

Authors: W.J. Smith and C. Quinn 

The key objective of EFDOSOF was to establish representative EFs for the combustion of solid fuels to ensure 

robust national reporting of air pollutant emissions and to inform policies to reduce air pollution. The EFs 

presented in the final report were obtained using a domestic stove designed to current standards.   

• All solid fuels tested, including fuels categorised as “smokeless” under Irish law were found to generate 

very substantial levels of particulate emissions when tested over a complete combustion cycle.  The 

authors recommend that the combustion of solid fuels in manually operated, domestic-scale appliances 

should be discouraged in urban areas. Mandating the use of so-called smokeless fuels, while laudable 

in principle, is unlikely to mitigate particulate emissions by a significant amount.  

• Of the solid fuels tested, sod peat produces by far the highest level of both PM and NOx emissions per 

unit energy loaded in the stove. It also produces by far the highest level of emissions per unit heat 

delivered to the space. 

• The lowest levels of both PM and NOx were observed when burning kiln-dried hardwood logs. Wet logs, 

however, generated substantially higher emissions, broadly in line with peat-based fuels. The moisture 

content of wood fuels has a significant bearing on both the emission intensity and the efficiency of the 

combustion process. The study recommends considering the regulation of fuel quality for commercially 

traded wood fuels. 

• Some test-to-test variability of EFs was observed for all fuels tested; variability was greatest for peat-

based fuels and for wet wood. Further, emissions from the ignition and start-up phases contribute 

significantly to total emissions.  

• Inferred emission of “volatiles” from all fuels tested, but particularly from wood and sod peat, may be 

a cause for concern. 

• Firelighters which have been unrecognized to-date as a significant source of particulate emissions 

contribute a disproportionately high fraction of PM emissions, relative to their energy content and 

mass.    
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• The EFs determined were obtained using a single appliance, and it is unknown whether or not 

significant variations in EFs for some or all pollutants, when burning some or all of these test fuels, 

would be found using other stoves or open fires. 

• It is not clear if establishing an accurate overall EF for residential combustion of solid fuels is an 

achievable goal, because the ultimate level of emission is determined by complex interactions between 

many variables.  

• Nonetheless, the report concludes that the combustion of solid fuels in manually operated stoves and 

other domestic-scale appliances results in high levels of emissions of PM2.5. The adverse impact on local 

air quality will be greatest in urban areas and where the use of such appliances is concentrated. The 

combustion of sod peat in urban areas is especially undesirable. 

4.2.5 Research 318: Source Apportionment of Particulate Matter in Urban and Rural 
Residential Areas of Ireland (SAPPHIRE) 

In this research project, the contribution of residential solid fuel burning to ambient levels of wintertime PM2.5 

was determined in the towns of Killarney, Enniscorthy and Birr. The results show that the burning of peat, coal 

and wood for home heating is by far the largest source of PM2.5 air pollution in these locations.  

As peat and wood were found by this study to be major contributors to PM2.5, the introduction of a nationwide 

smoky coal ban is unlikely to lead to significant air quality improvements in small towns. Measures to reduce 

emissions from all solid fuels – peat, wood and coal – would be more successful in improving air quality for all 

urban centres including small towns. Future efforts will need to address how domestic residences are heated in 

general, rather than attempting to discourage the use of one specific solid fuel. 

4.3 Other Literature Sources  
4.3.1 RICARDO report on North-South study: 

Residential Solid Fuel and Air Pollution Study, North South Ministerial Council, 2016 

This report provides an overview of the situation regarding air pollution and its health effects in Northern Ireland 

and Ireland. The emission inventories of both parts of the island of Ireland were analysed and compared.  The 

following key points are relevant regarding our review of the emissions inventory methodology: 

• The emission calculations and data used for the purpose of emissions inventory reporting are in line 

with European recommendations.  

• The emissions of particulate matter from residential combustion appliances depend to a large extent 

on combustion conditions and hence on the design and operation of the appliance.  A default tier 1 

emission factor is used which presumes a technology mix which may not be appropriate for Northern 

Ireland or Ireland.  Ricardo states that if appropriate information is available the use of a more 

representative aggregated Tier 1 factor or a Tier 2 inventory to reflect the heating appliance 

technology mix could be a way to reduce the uncertainties related to the current use of Tier 1 

methodology.  This would require data on the fuel use in different technologies and types of 

appliances in Ireland, which currently is unavailable.   

• Concerning the uncertainty of residential emissions, the report states that the statistics on wood 

consumption are highly uncertain (especially in Northern Ireland), which matches with our own 

experiences from Flanders and the surveys that have been conducted there. It is difficult to obtain 

reliable information on the amount of non-traded biomass used in residential heating appliances.   
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4.4 Key Overall Conclusions 

• Evidence to-date both from solid fuel stove emissions sampling as well as ambient measurements 

during the heating season conclude that solid fuel (coal, peat and wood) burning for home heating is 

one of the key contributors to the elevated PM10 levels (above WHO guidelines) observed across the 

country.  For PM2.5, it is the primary contributor.   

• Sod peat produces by far the highest PM and NOx emissions followed by wet wood.  Hence the Irish 

Government proposed to restrict smoky fuels (smoky coal, peat and wet wood) nationwide in 2022.  

Thus, all coal products sold must now be low‐smoke and all wood sold must have a moisture content 

of 25% or less.  

• These new regulations need to address all solid fuels and how domestic residences are heated in 

general, rather than attempting to discourage the use of one specific solid fuel. 

• The EFDOSOF study determined EFs for the combustion of solid fuels using a single domestic stove 

designed to current standards.  However, as only one single appliance was used in the study and 

significant test variability was observed especially for the peat-based fuels and for wet wood, it was 

concluded that the uncertainty is much too large to consider altering the EFs based on this study. 

• Emission datasets for modelling (AEROSOURCE project):  The AEROSOURCE modelling team initially 

used a combination of the MAPEIre & TNO emissions as input for the regional chemical transport 

models.  However, the models could not reproduce the elevated observations found during the 

extreme PM pollution events, particularly in Dublin.  Thus, they had to develop their own secondary 

solid fuel emissions dataset for Dublin which they combined to the TNO inventory.   

• Activity data on fuel use and residential heating appliances:  Based on experience in Flanders and from 

the LIFE IP project in Poland, it is extremely difficult (across the EU) to obtain reliable information on 

the amount of non-traded biomass (other than pellets) that is used in residential heating appliances.  It 

is also very challenging to obtain information on the types of appliances used at household level and 

across the EU MS there are differences in the level of detail that each MS and region can obtain.  

• The RESOLFUL project team set out to better quantify the solid fuel heating market in Ireland and 

investigate the transition to more sustainable heating alternatives.  They produced a new data set 

through an online survey, administered in February and March 2020.  The survey sample was 1,823 

households, with a bias towards solid fuel users. Notably, the average supplementary solid fuel use was 

estimated to be approximately three-quarters that of average primary solid fuel use.  Further, the non-

traded solid fuel sector was estimated to be approximately 27%. Mainly peat is often non-traded (88%).  

More surveys will be carried out in the winter of 2022 to gain further insights on solid fuel usage.   

Considering the surveys that have already taken place (CSO, RESOLFUL, etc.) and the surveys that are planned 

during the forthcoming years, the originally planned LIFE EMERALD survey will be adapted to complement these 

rather than to ‘repeat’ the same surveys.   
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5 Chapter 5 Conclusions, Recommendations and Way Forward  

In the preceding chapters we provided an overview of the existing residential emissions data sources and how 

the inventory is prepared for emissions reporting, some specifics on the energy projection scenarios used for 

the National Emissions Ceilings Reduction scenarios, information on the new solid fuel regulation policy and the 

key uncertainties in the Irish data.  We also shared some information on recent solid fuel policy experience in 

Flanders and southern Poland.   

In this chapter we present some recommended next steps for the next phases of this action, namely, to obtain 
the best available residential emissions data as input for the high resolution urban air quality models (Action 
B.3) and in particular for the policy scenarios pertaining to the climate action plan and the new solid fuel 
regulations (Actions B.4 and B.8).  

5.1 Conclusions for Action B.3: The High-Resolution PM Maps 

There is no requirement for the EISSA tool as a spatial gridding tool as the EPA already have MapEIre.  

The MapEIre dataset with a spatial resolution of 1km2 is an adequate starting point for the residential emissions 
input. However, improving this resolution would provide greater granularity in the maps allowing for better 
assessment of local hotspots and associated local measures to combat these hotspots.   

Further to analysis of the existing data it is highly unlikely that these emissions can be accurately downscaled to 
a lower resolution.  For this we need detailed ‘proxy’ information such as the types of heating appliances used 
across a smaller area than 1km2.  Although some information is available, e.g., for some households, it is not 
sufficient (e.g., too biased) to use across the whole nation.   

We have also learnt from the preceding chapters that the largest uncertainty in the residential emissions data 
stems from the uncertainty over the quantities of solid fuel being burnt, most often as a secondary heating 
source.  This uncertainty, as shown by previous modelling studies, has a significant impact on the ‘accuracy’ of 
the modelled residential emissions.  In Task 2 we will try to get a better understanding on this uncertainty for 
the modelling system being used in LIFE EMERALD. 

5.2 Conclusions for the Policy Actions Action B.4 and B.8  

The lack of detail at house level is also directly related to the types of policy measures we could implement.  
Without information on the age of the appliances we cannot model the impact of phasing out the most polluted 
(= the ‘oldest’) types of heating appliances.  However, as we learned from recent discussions with the key policy 
stakeholder (DECC), this information may not be required.    

At this stage it appears that DECC is primarily interested in assessing measures directed related to the Climate 
Action Plan, the NECD and the Solid Fuel Regulation.  From a first assessment of those plans it appears that none 
of those measures require information on the age of an appliance.  What would be useful though for those 
assessment scenarios is to have information at a higher spatial level. For example, to assess the impact of the 
new Solid Fuel regulation in certain hotspots, e.g., where there is currently a bias of solid fuel use.  To assess for 
example what would be the impact if renewable energy funds were used to support the conversion of a certain 
% of those solid fuel home users to cleaner energy.  Information from the main survey taken by the RESOLFUL 
project and the ongoing ones maybe useful sources of information of the solid fuel use statistics in those areas.   

Following a first review of the measures stipulated in the 2019 Climate Action Plan, the national emissions 
reduction projections, and the Solid Fuel Regulation there seems to be sufficient emissions data to model the 
impact of these projections on the air quality.  

Regarding the uncertainty in the data, it is important to note that the absolute ambient modelled values will be 
less important than the ‘deltas/differences modelled’ between the baseline and each scenario. 
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5.3 Recommendations on the Way Forward  

Further to the above, and in consideration of Action A.2, in which PM measurement campaigns are being 
established, we recommend the following way forward. 

5.3.1 Task B.1.2 – Part 1: Assessment of the MapEIre residential emissions in a specific town (coinciding 

with the A.2 campaigns), preferably including a solid fuel hotspot. 

The objectives are as follows: 

1. To better understand the uncertainties of the 1km2 gridded emission cell values for the chosen towns 
(in the first instance, Edenderry).  Thereby providing information on the performance of the model 
using the existing emissions inventory for a specific hotspot.  

2. To use this emissions uncertainty information together with the A.2 dense measurement data to 
improve the residential emissions data and reduce the uncertainty in the modelling to more realistic 
modelled air pollutant concentrations for those towns. 

3. To then assess if the ‘corrected’ technique can somewhat be extrapolated to modelling of the whole 
country. 

Approach:   

• Use the ATMO-Street model set-up in Action B.3, which is based on the MapEIre gridded emissions data 
to model the air pollutant concentrations for a specific town.  

• Based on inverse modelling and/or data assimilation techniques integrate the measurement data 
(‘observation data’) from Action A.2 and assess the uncertainty of both the emissions data and the 
measurement sensors.   

• Assess if these uncertainties and technique could be used to update the emissions inventory over the 
whole country and thus generate updated more realistic air pollutant maps.  This sub-task is essentially 
part of the final task in B.1, Task B.1.3, as it will result in the key deliverable of this Action, the improved 
residential emissions data. 

• Through targeted surveys (via Community Engagement) obtain detailed information on the types of 
residential heating appliances and fuels being combusted in the modelled area during the 
measurement campaign.  This information will be correlated against the measurement and modelling 
data.  It will provide extra insights together with the modelling on the ‘gaps’ in the emissions.  This will 
be part of Task B.1.2. 

  

FIGURE 7: SCHEMATIC OVERVIEW OF THE BAYESIAN TECHNIQUE FOR DATA ASSIMILATION, INCLUDING AN UPDATE OF THE 

EMISSION INPUT TO THE ATMO-STREET DISPERSION MODEL (IFDM)TO IMPROVE THE AIR POLLUTANT CONCENTRATION 

MAPS. 
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A co-benefit of this assessment is that this type of data assimilation modelling, intelligently applying data from 
low-cost sensors in modelling of air pollutants is still in its infancy and thus the modelling community in Europe 
(FAIRMODE) will welcome any real-life examples.  Either way the results of the study will be published in a report.   

Furthermore, the results of the assessment and specifically the survey will provide additional information for 
the Irish policy stakeholders that will be useful for the Solid Fuel Regulations and their Clean Air policies. The 
survey will also link in with other actions of the project on air quality awareness raising and community 
engagement.  

The outputs of this assessment will essentially be Task B.1.2 of this Action. VITO and UCC have already completed 
a first assessment for the town of Edenderry, which has been designated as a solid fuel hotspot.  The initial 
findings will be published in Q1 2023. The next town chosen is Dungarvan.  Measurements have just begun in 
November 2022 for the winter season of 2022/2023.   

 

FIGURE 8: SCHEMATIC OF THE MODELLING STEPS IN TASK B.1.2 

 

5.3.2 Task B.1.2 – Part 2: Define the 'Residential' Emissions Scenarios for the B.4 and B.8 Action Use Cases  

Within Actions B.4 and B.8 VITO are in discussions with DECC and the EPA to define the types of policy use case 

scenarios that would be useful to the stakeholders.  Action B.4 is looking at measures taken uniformly over the 

whole country, whilst local measures are only taken in certain hotspots. For the residential scenarios VITO have 

clarified the types of policies that could be performed by the modelling system using the existing datasets, 

namely measures such as: 

• Reducing all household emissions with x percent. 

• Replacing all fuel appliances of a certain type (e.g. gas) with another type (e.g. heat pump). 

Whereas the following measures would require additional tasks to gather the new data: 

• Scenarios in which the age of the heating devices is considered. E.g. Replacement of oldest heating 

devices. 

• Residential scenarios without specific outcomes, such as funding for citizens that replace a heating 

device (without specific impact on heating devices). 

The stakeholders will assess within the B.4 and B.8 Actions what use cases they would like to analyse at national 

and local levels.  This consists of an assessment of the current emissions projections data used for the various 

national plans related to air quality, namely:  

• National Emission Ceiling projections. 

• National Air Pollution Control Programme (NAPCP). 

• Related Climate Actions (residential sector). 

• The Solid Fuel Regulation.    
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As part of Task B.1.2, together with Actions B.4 and B.8, the residential emissions data and emission projections 

used in support of the Solid Fuel Regulation and the Climate Action Plans (residential sector) will be examined.  

One of the main outcomes is to assess if there are data gaps that will hinder the modelling.  In other words: if 

additional data is required to perform certain scenarios.  If new data is required, it will be assessed if sufficient 

funds are available to obtain this data, which will be done as part of Task B.1.3.  

In this task we will also follow-up on the results from the latest CSO surveys, any improvements to the BER 

database since our initial review and all the surveys taking place this winter.  We are primarily interested in any 

new data that would help improve the spatial resolution or provide more insights into the residential sector 

activity data, such as the appliance types, and results from the planned solid fuel analysis that could impact the 

Emission Factors.  

 

FIGURE 9: ROADMAP MILESTONE FOR B1 TASKS 2 + 3 

 

 

  

1:  Assessment of the MAPEIre residential emissions in a specific town (01/22-07/23) (Task 2) 

Use the B.3 model  to model the PM 
concentrations in the town.

Ascertain the uncertainty in the 
emissions data using data 
assimilation + the Action A.2 sensor 
data.

Assess if the data fusion approach 
could update the emission temporal 
& spatial pattern.

Correlate with data from targeted 
surveys.

2. Define the 'Residential' Emissions Scenarios in B4 & B8 (Q3/22 – Q1/23)

Clarify the policies that would be 
useful to support the solid fuel 
policy.

Assess the current emissions 
projections data used for the various 
national plans related to air quality.

Ascertain if new emissions data is 
required for any proposed measure 
& discuss with stakeholders to 
decide how best to proceed.

3. New emissions input data (01/23 
– 11/23) (Task 3)

Update the spatial residential 
emissions data depending on output 
from  Step 1.

Obtain new specific emissions data 
for policy scenarios if required.
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6 Clarifications and Modifications to this Action 
 

Task and Expected Results 

Originally in Task B.1.2 we proposed to conduct a survey of c.1000 people to fill in any data gaps.  At the time of 

the LIFE EMERALD proposal it was intended to use the survey to obtain further detail on the type and age of 

heating appliances being used across Ireland, as well as the fuel usage with an emphasis on the use of solid fuel 

for primary but predominantly secondary heating.  This was based on assumptions of what existing data was 

already available and what residential emissions data would be needed for the modelling.  The scope for this 

‘major survey’ and the approach to Task B.1.2 has been modified based on the results of this Gap Analysis report, 

as explained in the previous chapters. 

The RESOLFUL project has already filled in some of the information gaps on the secondary solid fuel usage and 

the heating appliances.  Their online survey conducted in 2020 examined types of heating appliances, types of 

fuels (strongly disaggregated), extent of non-traded solid fuel use, general level of energy usages and the age of 

heating appliances.  Further targeted surveys are planned in the winter of 2022 based on the recommendations 

from the project.   

Notwithstanding the above, during the Action B.8 local policy scenarios we have learnt that a nationwide 

database on the ages and types of heating appliances is not essential for the local air quality plans.  Therefore, 

to complement the existing surveys being undertaken and get more insights into solid fuel use during case 

studies, we will perform targeted surveys in two hotspots (Edenderry and Waterford).  In addition, as outlined 

in the previous chapter, we will exploit the A.2 Action measurement campaigns and use the modelling chain in 

Action B.3 to better quantify the uncertainty of the residential emissions used to model the air quality 

concentrations for those towns, and hopefully improve the residential emissions used.  The modelling will be 

performed as part of Tasks B.1.2 and B.1.3.    

This modelling will replace the proposed use of EISSA.  The EISSA tool was proposed for preparation of the 

emissions inventory data for input in the models.  However, it was found out during the initial phases of the 

project that the EPA Emissions Team had recently commissioned the development of the MapEIre spatial 

gridded emissions tool for CLRTP reporting and thus it was not required.   
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ANNEX A: LIST OF QUESTIONS OF THE FLEMISH SURVEY REGARDING THE 
COMPOSITION OF THE STOVE PARK 

Screening questions 
V0. Do you use wood as a fuel, either for your main heating system or for auxiliary heating (e.g. for 

cosiness)? 

1. Yes 
2. No 

IF V0=1 (yes)  

V1. By order of VITO and VMM, we are conducting a survey as part of a study on wood consumption in 

Flemish households. The information you can provide is very important for this research. We would 

therefore like to ask you to fill out the survey. This will take about 10 minutes. Are you prepared to fill in 

this survey? 

1. Yes 
2. No 

IF V0=2 (no) OR V1=2 (no) 

V2.  May we then ask you some brief questions? 

1. Yes 
2. No ➔ STOP INTERVIEW 

Question V3 - V5 

IF V1=1 (yes) OR V2=1 (yes)    

 

V3. What is your postal code?     

V4. What type of home do you live in?    

1. Single dwelling, open construction (villa, bungalow) 
2. Semi-detached buildings (3-facade house) 
3. Row house 
4. Flat 
5. Other: ........................ 

V5. What is the age of the head of the household? 
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Main Survey  
 

Question Q1 - Q14 and SD1 - SD4 

IF V1=1 (yes)  
 

Q1 What fuels or energy sources do you use to heat your home?? 

Multiple responses possible. 

1. electricity (accumulator or direct electric heating ('electric fires')) 
2. natural gas 
3. fuel oil (mazout) 
4. coal 
5. butane or propane gas (in bottles or tanks) 
6. wood (incl. pellets) 
7. solar energy (e.g. solar boiler) 
8. heat pump 

9. another energy source 
 

Show only items that were given as answers in Q1.  

 

Q2 Which fuel/energy source is the main source of heating, or what fuel do you primarily use to 
heat your home?? 

Only one answer possible. 

 
10. electricity (accumulator or direct electric heating ('electric fires')) 
11. natural gas 
12. fuel oil (mazout) 
13. coal 
14. Butane or propane gas (in bottles or tanks) 
15. Wood (incl. pellets) 
16. solar energy (e.g. solar water heater) 
17. Heat pump 
18. another energy source: … 

 

Q3 How many wood burning appliances do you have?   

…. (number) 

 

Q4 What type(s) of wood burning appliance(s) is/are this? 

 (sum must be equal to number given in Q3) 

DECENTRAL  

1. Fireplace (without door, without glass): .... (number) 
2. Built-in wood burning appliance (with door and with glass): .... (number) 
3. Built-in pellet appliance (with door and with glass): .... (number) 
4. Free-standing wood-burning stove: .... (number) 
5. Freestanding pellet stove: ... (number) 
6. Combi stove (wood & pellets): .... (number) 
7. Accumulation stove (soapstone stove or tiled stove): .... (number) 
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8. Other 
CENTRAL 

9. Wood boiler: ... (number) 
10. Pellet boiler: .... (number) 
11. Other: ………. 

 

This question should be asked for every installation mentioned in Q4. If a number >1 was answered for a type 

of installation, this question should be asked for every installation. 

Q5 Which of the following options does this appliance have to reduce polluting emissions to air? 

1. Additional air inlet at the top of the stove 
2. Smoke fan on the roof 
3. Electrostatic particulate filter 
4. Catalytic converter - optionally original on the unit or retrofitted 
5. Automatic mechanical control (original or retrofitted) 
6. Automatic electronic control (original or retrofitted) 
7. None of the above 
8. I do not know 

 

This question should be asked for every installation mentioned in Q4. If a number >1 was answered for a type 

of installation, this question should be asked for every installation. 

Q6 How old is this <INSTALLATION>?   

1. …….. years 
2. I do not know 

IF Q6=2 

Q7 In which of the following periods was the <INSTALLATION> put into operation? 

1. before 1970 
2. 1970-1979 
3. 1980-1989 
4. 1990-1999 
5. 2000-2005 
6. 2006-2010 
7. 2011-2013 
8. 2014-2016 
9. 2017 or later 
10. I do not know 

IF Q3=1   -> respondent has only one appliance 

Q8a Do you intend to change (replace, remove, expand) your appliance in the near future (i.e. the next 4 

years)? 

1. No 
2. Yes, I intend to remove my wood appliance without replacing it (with installation on either wood 

or another fuel).  
3. Yes, I am planning to install a new wood-fired system to replace my old one.  
4. Yes, I am planning to install a second-hand wood-burning appliance to replace my old one.  
5. Yes, I am planning to install a non-wood fuel system to replace my old system. Which fuel? 
6. Yes, I am planning to install (or have installed) an additional wood fuel installation (not as a 

replacement). 
 
 

IF Q3>1   -> respondent has multiple installations 
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Q8b Do you intend to modify (replace, remove, expand) one or more wood fired installations in the near 

future (i.e. the next 4 years)? 

1. No 
2. Yes, I intend to remove one or more of my wood fired installations (but not all) without replacing 

them (by installation on either wood or another fuel).  
3. Yes, I intend to dispose of all my wood fired installations without replacing them (by installing 

either wood or another fuel).  
4. Yes, I am planning to install a new wood-fired system to replace one or more of my old systems.  
5. Yes, I am planning to install a second-hand wood-burning appliance to replace one or more of my 

old appliances.  
6. Yes, I am planning to install (or have installed) a non-wood fuel installation to replace one or 

more of my old installations. Which fuel? 
7. Yes, I am planning to install (or have installed) an additional wood fuel installation (not as a 

replacement) 
 

IF Q8a = 3 , 4 or 6 OR IF Q8b = 4,5 of 7  

Q9 What new wood fired appliance are you thinking of? 

DECENTRAL  

1. Fireplace (without door, without glass): .... (number) 
2. Built-in wood burning appliance (with door and with glass): .... (number) 
3. Built-in pellet appliance (with door and with glass): .... (number) 
4. Free-standing wood-burning stove: .... (number) 
5. Freestanding pellet stove: ... (number) 
6. Combi stove (wood & pellets): .... (number) 
7. Accumulation stove (soapstone stove or tiled stove): .... (number) 
8. Other: …. 

 

CENTRAL 

9. Wood boiler: ... (number) 
10. Pellet boiler: .... (number) 
11. Other: ………. 

IF Q8a or Q8b = 1 

Q10a Under what conditions would you consider replacing your current wood-fired system with a new one 

using wood or pellets as fuel? 

1. Only if it would be imposed (legal norm). 
2. If a premium or subsidy would be available. 
3. Never, I would only remove them without replacing them or replace them with another fuel type 

installation. 
 

IF Q8a or Q8b = 1 

Q10b Under what conditions would you consider replacing your current wood-fired system with a non-

wood-fired system or opt for a newly planned system that does not work on wood? 

1. Only if it would be imposed (legal norm). 
2. If a premium or subsidy would be available 

 

Q11 What kind of wood do you use? 

(several answers possible; do not indicate if only sporadic) 
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1. Stacked logs 
2. Wood briquettes (compressed sawdust; fire logs) 
3. Wood pellets 
4. Untreated waste wood (e.g. scrap wood, wood from pallets) 
5. Painted or treated waste wood (e.g. scrap wood, wood from pallets) 
6. Wood pieces or chips 
7. Prunings, cuttings 

 

Q12 Where does this wood usually come from?? 

1. Purchased 
2. Acquired 
3. Obtained (gathered, from own trees or bushes, ... ) 
4. From somewhere else, namely: ……………………………………… 

 

Q13 Do you use a humidity meter? 

 

Q14 How is the wood you use most often stored?? 

1. Outside in the open air, without or with limited protection from the rain 
2. Outdoors in open air, with protection from the rain, not ventilated 
3. Outdoors in open air, with protection from the rain, ventilated 
4. Indoors in an unheated area 
5. Inside a heated room 

 

Q15 For how long is the wood you use most often stacked or stored before you use it? 

  

1. one month to six months 
2. Half a year to one year 
3. One year 
4. Two years 

 

The following question should be asked for each type of wood fired appliance: 

IF Q12 = 1 

Q16 How much wood do you use per year and per type of installation? 

Possible tools: number of baskets, wheelbarrows, ... Size of storage room that shrinks, transport of wood 

(volume of trailer),… 

1. ……………. m³ (MAXIMUM =99) 
2. ……………. kg (MAXIMUM =10000) 
3. ………… stère(s) (1 stère = 1 m³ neatly stacked wood) 

 

 

Tools: 

- Method of bringing wood to the installation: Number of small or large baskets, wheelbarrows, etc.  

- Content classical (small) wheelbarrow is 80 litres = 0.08 m3 

- Based on storage space dimensions which shrink yearly through use (length in metres * depth in 

metres * height in metres = number of m3) 

- Way wood is brought to respondent: number of trucks or containers, number of trailers,... Derive 

consumption on the basis of dimensions 
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Optionally enter comment field to note above reasoning, other remarks.  

 

The following question should be asked for each type of wood fired appliance: 

Q17 In which season and how often do you use the installation? 

 

In which season do you use the installation? 
(yes/no) 

How often do you use the installation? 
 

Spring and autumn - every day all day  
- weekends all day 
- week in the evening 
- weekend in the evening 
- only when it is very cold  
- only occasionally for cosiness 

Winter - every day all day  
- weekends all day 
- week in the evening 
- weekend in the evening 
- only when it is very cold  
- only occasionally for cosiness 

Summer - every day all day  
- weekends all day 
- week in the evening 
- weekend in the evening 
- only when it is very cold  
- only occasionally for cosiness 

 

SD1 Can you tell me in what category your total net family income PER MONTH falls? (Including all legal 

income, child allowance, pensions and benefits) 

Only 1 answer possible. 
 

1. less than 1000 euro 
2. between 1000 and 1999 euro 
3. between 2000 and 2999 euro 
4. between 3000 and 3999 euro 
5. between 4000 and 4999 euro 
6. more than 5000 euro 
7. do not know/no answer 
 

 

SD2 What is the highest diploma obtained by the main person responsible for the family income (either 

in daytime education or in evening education)? 

1. primary school 
2. lower secondary education, general, technical, artistic (formerly humanities or secondary education) 
3. upper secondary education, general, technical, artistic (formerly humanities or secondary education) 
4. lower vocational education (formerly technical) 
5. higher vocational education (formerly technical) 
6. higher non-university education 
7. university education 
8. no diploma 

SD3 What is the professional activity of the main responsible person for the household income? 

self-employed   
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1. small farmer  
2. large farmer (15 ha and more) 
3. craftsman, trader with 5 employees or less 
4. Industrial, commercial or with 6 or more employees   
5. liberal profession or profession requiring qualifications (doctor, lawyer, ...) 
6. other 

employee (public or private sector)   

7. Member of the general management, senior manager responsible for 5 wage earners or less 
8. Member of the Executive Board, senior manager responsible for 6-10 wage-earners  
9. Member of the Executive Board, senior manager responsible for 11 wage-earners or more 
10. Middle management, responsible for 5 wage-earners or less  
11. Middle management, responsible for 6 wage-earners or more  
12. Other employees, mainly office workers (secretary, assistants, ...) 
13. Other non-manual clerical employees (nursing, teaching, police, ...) 
14. Other  

worker    

15. skilled worker 
16. unskilled worker 
17. other 

 

inactive 

    

18. unemployed 
19. retired 
20. student 
21. housewife/househusband 
22. disabled 
23. other 

SD4 What was the last professional activity of the main person responsible for the family income? 

self-employed   

1. small farmer  
2. large farmer (15 ha and more) 
3. craftsman, trader with 5 employees or less 
4. Industrial, commercial or with 6 or more employees   
5. liberal profession or profession requiring qualifications (doctor, lawyer, ...) 
6. other 

employee (public or private sector)   

7. Member of the general management, senior manager responsible for 5 wage earners or less 
8. Member of the Executive Board, senior manager responsible for 6-10 wage-earners  
9. Member of the Executive Board, senior manager responsible for 11 wage-earners or more 
10. Middle management, responsible for 5 wage-earners or less  
11. Middle management, responsible for 6 wage-earners or more  
12. Other employees, mainly office workers (secretary, assistants, ...) 
13. Other non-manual clerical employees (nursing, teaching, police, ...) 
14. Other  

worker    

15. skilled worker 
16. unskilled worker 
17. other 

 

inactive 
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18. unemployed 
19. retired 
20. student 
21. housewife/househusband 
22. disabled 
23. other 

 

 


