S0OLID FUEL TRADE GROUP

Solid Fuel Trade Group Response to Consultation on the Development of a
new Solid Fuel Regulation for Ireland
- March 2021

The Solid Fuel Trade Group (SFTG) represents a number of leading suppliers to the residential
solid fuel market in Ireland. SFTG have played a key role in developing and supporting existing
regulations and recommend the following actions:

s Align Climate Change and Clean Air Policy, to prevent unintended deterioration
of air quality

e Introduce an Appliance Upgrade Scheme, incentivising higher efficiency and
lower emission appliance replacement.

o Ensure adequate resources committed to enforcement to ensure compliance with
current regulation, through the Revenue Commissioners, Local Authorities and
EPA.

¢ Ensure investment in home upgrades and retrofits is prioritised and targeted at
those households which are in most need.

The residential solid fuel market in Ireland has undergone significant change in the past 30
years. Use of coal has declined by 72% !. Ireland now enjoys air quality standards that are
amongst the best in Europe and is one of only four countries in Europe — the others being
Estonia, Finland and Iceland — that had fine particulate matter (PM2.5) concentrations that
were below the World Health Organization's (WHO) guideline values 2.

Approximately one in eight households or 600,000 people in Ireland depend on solid fuel as
their primary form of home heat®. The majority of these homes are in rural areas and many are
classified as “fuel poor”. This is because some do not have, nor can they afford to upgrade to,
modern home-heating systems. Many others cannot, and never will, access the national gas
network. These householders cannot make an easy consumer choice to switch their source of
heat. They continue to rely on affordable solid fuel as a reliable source of heat and that right
needs to be protected. Solid fuel offers an effective “pay as you go” solution to cash strapped
households operating on a tight budget.

In addition to households that are entirely dependent on solid fuel there are hundreds of
thousands more households that use solid fuel as a secondary source of heating. Reliability of
supply and price are additional underestimated benefits of solid fuels. During power-cuts, when
heating systems break down, or when home-heating oil cannot be delivered, households with
a fireplace or stove can resort to solid fuel which is widely distributed to retail outlets and even
delivered directly to homes across the country.

! SEAI Figures (see Appendix 1)
* Air quality in Europe — 2020 Report, EEA Report No 09/2020 (see Appendix 2)
? CS0, 2016 Census (see Appendix 3)
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As climate change becomes more of a factor in our lives there is, understandably, great
attention being given to high-tech hieating systems, renewable energy and even the concept of
bans on fossil fuels. At national government level these changes have already been reflected in
the introduction of more stringent emissions standards and higher carbon taxes for solid fuel
sold in Ireland.

While measures to protect the environment are necessary, the fact is that solid fuel emissions
from households are a small and easy target. A target that puts the greatest burden on society’s
less well-off as well as those who are geographically more isolated. Solid fuel providers are
already pulling their weight in working with the Government since 2002 to introduce solid fuel
standards such as, low sulphur, smokeless coals and collecting carbon tax revenues.

While adapting to the pressures of climate change and air quality is a tough challenge for the
solid fuel sector, it is one that the SFTG is playing a leading role in helping the Government to
bring about.

The SFTG has proven itself in the facilitation of Government and EU climate change policies
by entering into a voluntary agreement in 2002, later enshrined in law in 2011, agreeing to
higher product standards and latterly by collecting carbon taxes for the Exchequer. Those
higher product standards started with reducing the amount of sulphur in bituminous coal. A
move to low-smoke fuels will be a serious challenge for many, particularly the “fuel poor”
mentioned above. Fuel poverty is a very real concern as evidenced by the €200m that the
Government provides each year to help vulnerable families heat their homes in the winter.
Furthermore, a bituminous coal ban will not improve air quality as households will shift to
more polluting unseasoned wood, sod turf and high sulphur non-compliant manufactured coal
products.

Strong and consistent enforcement of existing environmental and tax regulation is essential if
the solid fuel industry in Ireland is to continue to play its vital role in supporting households
across the country.

o Align Climate Change and Clean Air Policy, to prevent unintended deterioration
of air quality

Fuel Poverty in Ireland

The issue of fuel poverty must be front and centre of any debate on the regulation of solid fuel.
Fuel poverty occurs when a household needs to spend more than 10% of its income on energy
in order to maintain an acceptable level of heat throughout the home?*,

According to a Pre Budget submission (June 2018) by St. Vincent de Paul (SVP), in 2017:

»  48% went without heating due to cost
¢ 1 in 4 experience energy poverty

4 Department of Communications Energy and Natural Resources ‘A Strategy for Warmer Homes in Ireland’
Reference Indecon 2009
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e SVP spent €4.3m on fuel and electricity supports

According to the Institute of Public Health (IPH) in Ireland, fuel poverty has a detrimental
effect on health in a number of ways:

Cold indoor temperatures place a ‘thermal siress’ on the body

Cold damp houses aggravate respiratory and allergic conditions

Living in cold damp housing has a negative effect on mental health

Households experiencing fuel poverty cut back on spending in other important areas
such as food, clothing and transport, which further contributes to poor health and social
exclusion

* Households experiencing fuel poverty tend to occupy fewer rooms in the house,
resulting in overcrowding and deterioration in the overall condition of housing. This is
called ‘spatial shrink’

The IPH clearly states that fuel poverty remains a very important public health issue on the
island of Ireland. Fuel poverty is unacceptably high and contributes to the social exclusion
experienced by the unemployed, the old, the disabled and lone-parent families. It also
contributes to significant ill- health. The IPH estimates that the island of Ireland has among the
highest levels of excess winter mortality, with 2,800 excess deaths over the winter months.

According to the SILC, 29% of people living in consistent poverty are unable to afford to keep
their house adequately warm®. Recent weather events have served as a stark reminder of the
stress many households continue to face being able to meet their utility costs.

In the SVP Submission to the Commission for the Regulation of Utilities, July 2020, it notes
that the ESRI estimated that in 2019, one in six households (17.4 per cent or approximately
302,000 households) in Ireland were defined as “energy poor”, spending more than 10 per cent
of their income on energy, with older people living alone and lone parents significantly more
likely to fall into this category.

In the SVP Pre-Budget Submission 2021, Investing to Save, Building an Equal Society After
Covid-19, the society expressed concern that as we emerge from Covid-19, a significant
proportion of households will be in energy debt. Energy usage during the restrictions has
increased as people are at home more, and many households will experience bill shocks at a
time when they are on a reduced income.

Environmental Impact

There have been a series of legislative initiatives targeted at the residential use of solid fuels:

» Air Pollution Act, 1987 (Marketing, Sale and Distribution of Fuels) Regulations, 1990
(S.I. No. 123 of 1990).

* Air Pollution Act, 1987 (Marketing, Sale and Distribution of Fuels) Regulations, 1998.

* Air Pollution Act (Marketing, Sale, Distribution and Burning of Specified Fuels)
Regulations 2012.

» Air Pollution Act (Marketing, Sale and Distribution of Specified Fuel Regulations
2020)

% CSO (2018) Survey of Income and Living Conditions 2016, Table 7c.
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The solid fuel industry has been supportive of many of these initiatives and of efforts to
encourage safe and appropriate use of solid fuels.

Carbon tax was introduced as a ‘disincentive’ to use fuels with higher CO, outputs. The tax is
calculated based on the Carbon Content of the fuel. The well intentioned policy was intended
to reduce the output of CO, to atmosphere. Fossil fuels are taxed, but renewable fuel (Wood)
is exempt.

In theory, and from the narrow perspective of CO, the Policy, and associated tax are to be
applauded, but there are other unintended consequences when air quality is analysed.

The WHO has set guidelines for PM,, PM, s PAH, NO, and SO, While these guidelines have
not yet been incorporated into Irish legislation, they provide a useful reference for the EPA to
report against.

As stated in the introduction, Ireland has fine particulate matter (PM2.5) concentrations that
were below the World Health Organization’s (WHO) guideline values. Any significant shift
could be a concern as the studies referenced below note that wood emits substantially more
PM; sand PAH than fossil fuels, including coal, per unit of heat. However these studies do not
differentiate between seasoned wood and unseasoned wood.

In a report by UCC on the SAPPHIRE Project (Source Apportionment of Particulate Matter in
Urban and Residential Areas of Ireland) the very detailed analysis clearly indicates that in the
towns (Killarney, Birr and Enniscorthy) where the study was conducted, wood had higher PM, 5
readings than coal. The results included both bituminous coal and smokeless coal as the
analysis cannot differentiate between the two. Equally, the analysis could not differentiate
between unseasoned and seasoned wood. With sod peat and wood buming bigger contributors
to PM,; in these towns further disincentives to the use coal could in fact create much more
serious air quality issues.

The message is clear — while there is a benefit in terms of CO, output, from switching fuel
source from fossil to wood, there is a consequent increase in emissions to air of PM; sand PAH.
The report, “A study of emissions from domestic solid fuel stove combustion in Ireland”
(Appendix 4), showed that wood logs generated the most amount of PM and CO, emissions
and the results suggested that if domestic combustion of bituminous coal and peat were 100%
substituted with unprocessed biomass fuels, as is being proposed by some groups, it could lead
to significant increases in particulate air pollution. The report also highlights the importance of
how solid fuels are used and the importance of appliances.

One strategy that all agree on is ‘improved appliance efficiency’. The Eco Design Directive
will be a major step on this journey when it is introduced in Jan 2022. Many stove
manufacturers have already upgraded their appliances to this standard.

Government Policy should aim to incentivise the upgrading of appliances. Stoves can increase
the efficiency of fuel use by a factor of three. SEAI produce figures which demonstrate that the
efficiency of an open fire averages 25%, whilst the efficiency of stoves averages 65% and can
reach 80%, with high efficiency stoves. Solid fuel stoves require a minimum 75% efficiency
to meet the requirements of Ecodesign.
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The Stove Industry Alliance (SIA) states that independent tests confirm Ecodesign appliances
produce 90% less particulate emissions than an open fire and 80% less than a stove that is 10
or more years old. In order to meet Ecodesign, manufacturers must provide evidence, through
independent testing, that their stove achieves lower emission across four tests. These four tests
assess levels of particulate matter (PM), organic gaseous compounds (OGC), carbon monoxide
(CO) and nitrogen oxides (NOx).

There is currently no incentive to upgrade solid fuel appliances, and the benefits of a scheme
would be manifold, and include:

1. Benefit to Air Quality, through reduced fuel consumption, and increased efficiency of
burning leading to reduced PM2.5, and PAH emissions

2. Reduced CO2 emissions due to greater useable heat output from reduced fuel use.

3. Reduction in Fuel Poverty, as increased fuel use efficiency, reduces the household
expenditure required to heat the home

To improve efficiency and reduce CO, PM, ; PAH’s and other emissions: '

» Introduce an Appliance Upgrade Scheme, incentivising higher efficiency and
lower emission appliance replacement.

Taxation on Solid Fuels

A balanced discussion on regulation of solid fuels in Ireland must include reference to solid
fuel carbon taxes, VAT and the border with Northern Ireland.

As expected, an additional carbon tax levy of €6 per tonne was confirmed in October 2020 but
its application to solid fuels was deferred to May this year. This means an increase of €0.72 on
a bag of coal / smokeless fuel. In July 2020 Minister Eamon Ryan confirmed that the
programme for Government commits to increasing carbon tax to €100 per tonne by 2030,
through annual increases of €7.50 per annum to 2029 and €6.50 in 2030. The Minister intends
to offset, in part, these price rises through increases in the winter fuel allowance as well as
additional funding for the warmer homes schemes. Though there will be additional funding for
home retrofits (see below), the scale and cost of the challenge will ensure that many households
will continue to rely on solid fuel as both a primary and an important secondary heating source.

Solid fuel tax treatment now varies substantially between the United Kingdom and the ROI
market. In the United Kingdom there is no carbon tax, as residential solid fuel was specifically
excluded from the chancellors Finance Act in 2000. In Ireland the impact of Carbon Tax is an
increase of €3.53 on a 40kg bag of coal and €0.77 on a bale of peat briquettes (from May 21).
A further difference occurs with VAT which is levied at 13.5% on solid fuel in ROI, and at 5%
in the United Kingdom.

Enforcement of Tax Rules
With such a significant difference in tax treatment of solid fuel between the UK and Ireland,

there is increasing evidence of operators based in the market, supplying solid fuel that does not
comply with the operable tax code. .
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European Union Single Market constraints preclude the use of any cross-border movement
controls in the administration of Solid Fuel Carbon Tax. Therefore, Revenue has no authority
to stop vehicles and physically inspect loads of such fuel. Similarly, the transport or possession
of solid fuels that originated in Northern Ireland are not, in themselves, Revenue offences and
Revenue’s officers have no authority to challenge such transportation or possession. It is
important to note that liability to Solid Fuel Carbon Tax does not arise on the physical presence
of the goods in the State, but on first supply in the State by the supplier who is obliged to
register with Revenue, make a return and pay the tax. This return must be made one month
after the two-month accounting period provided for in law.

The collection of solid fuel carbon tax is heavily reliant on the regulatory regime covering the
marketing, sale, distribution and burning of solid fuels in the State. This regulatory regime is
operated by the Department of Environment, Climate and Communications, and is enforced by
local authorities.

However given the scale and growth in illicit trade it is clear that there is continued and
widespread ignorance and / or deliberate evasion of the rules. Irish consumers order solid fuel
online from NI based businesses and courier companies deliver the fuel without charging
carbon tax. Some Irish based businesses sell solid fuel to NI based businesses, do not charge
carbon tax, the product is collected but never leaves the jurisdiction. SFTG cannot find any
evidence of prosecutions in this area and as such rogue operators continue to profit from the
price gap created by carbon tax in Ireland.

It is clear, given the amount of non-compliant fuel that reaches households in Ireland that
increased resources are required to augment the current activities of the Revenue
Commissioners, and the Local Authorities, to ensure that the solid fuel market is uniformly
regulated for all suppliers. A dysfunctional market is of no benefit to legitimate suppliers,
Government, or the environment.

The issue of untaxed solid fuel is a serious threat to the industry. The Sale of Illicit Goods Bill
proposed an approach to tackling the illicit trade in tobacco, alcohol and fuel products.
However this Bill did not receive the necessary support. The issue is raised time and again by
public and industry representatives but as yet an effective mechanism to curtail this activity
has yet to be found. With rising carbon taxes and higher VAT in Ireland and no equivalent
taxes and lower VAT in N Ireland this problem is likely to get worse. Every effort must be
made to bring a workable solution to this problem.

Growth in more polluting solid fuels

Consumers have obviously become very aware of the increasing cost of compliant fuels and
have acted as predicted by the economists — they have looked for cheaper alternatives. In many
areas sod turf has been the beneficiary with turf now being delivered to households in towns
and cities across the country. Theoretically, sod turf is liable to carbon tax but there is no
practical way to collect it and Revenue will confirm carbon tax receipted is negligible. It is
difficult to get accurate figures for sod turf production and usage but SEAI (Appendix 1)
estimates that the market for sod turf is almost twice as big as the market for peat briqueties
and 25% bigger than the market for bituminous coal.
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Used in a stove , sod turf emits about 750 grammes of CO2 per kW of emitted heat (depending
on moisture content) compared to 405 grammes of CO2 for a smokeless fuel in the same
appliance. Therefore, the switch back to turf is driving up both CO2 and smoke emissions.
Existing users should be entitled to cut and use turf for themselves but a policy that drives more
people to use turf and increase overall emissions from the sector is counterproductive and needs
to be changed. Increased emissions from sod turf usage more than offset any reduction in
emissions from coal use since the introduction of carbon tax.

Another beneficiary of current taxation and regulation strategy is wood. Wood usage is
increasing rapidly driven by:

¢ Cost — cheap unseasoned (wet} wood is sold throughout the country with little or no
controls.

¢ Renewable - as unseasoned wood is a renewable fuel, it certainly saves on CO2
emissions but as mentioned above and in Appendix 4 it’s emission profile is higher
than coal.

From this, it is absolutely clear that a policy that reduces current legitimate fuels usage (by
making them unaffordable) and drives up usage of turf and unseasoned wood, is going to lead
to further deterioration in air quality.

Another effect of carbon tax and poor enforcement of existing product standards has been to
create a growing market for environmentally inferior high sulphur ovoids. Sulphur limits in
Ireland are 0.7% for bituminous coal and 2.0% for manufactured ovoids. Both SFTG and a
number of Local Authorities have evidence of widespread availability of low cost, non-
compliant ovoids with sulphur limits as high as 5.0%.

As they are cheap to manufacture, they undercut legitimate low sulphur products and are
attractive to consumers regardless of the long term damage to appliances and the environment.
A lack of enforcement by local authorities — mainly due to lack of resources - has allowed this
market to grow and encouraged new players to get involved many avoiding paying carbon tax
and VAT altogether. Control is challenging as there is no way to visually differentiate hi
sulphur ovoids from low sulphur ones and, at present, all product testing for legal purposes,
has to be done in the UK.

Enforcement of Product Standards

The enforcement of regulations, from carbon tax to product standards, effectively rests with
the local authorities throughout the country. Repeated and regular breaches of existing
regulations can be summarised as follows:

Coal Bagging Registration — there have been instances of companies who have operated while
not adequately registered as required and administered by the EPA.

Product compliance — nationwide availability of high sulphur non-compliant ovoids. Both
industry representatives and local authorities have identified persistent problems but efforts to
stop the sale of these illegal products have been completely ineffective. Ovoids, manufactured
using bituminous coal, are available for sale in the UK and cannot be differentiated from low
smoke ovoids without specific tests which are difficult and expensive to administer.

Solid Fuel Trade Group Limited



2

Swift 7 Compliance — widespread evidence of companies and products that were not Swift 7
compliant.

In the 2019 EPA report, Focus on Local Authority Environmental Enforcement, it notes that
there were just 6 fixed payment notices issued under solid fuel regulations. With further
increases in solid fuel carbon tax and the possibility of increased and more complex regulation
of the industry there is serious concern about the ability of local authorities, who will be
charged with the enforcement of these regulations, to effectively cope. SFTG are calling for
existing regulations to be comprehensively enforced before introducing additional ones.

o Ensure adequate resources committed to enforcement to ensure compliance with
current regulation, through the Revenue Commissioners, Local Authorities and
EPA.

Residential Retrofits

The Programme for Government has set ambitious targets for the number and depth of
residential retrofits to be completed by 2030. The targets are to retrofit 500,000 homes to a
Building Energy Rating of B2 and to install 400,000 heat pumps in existing buildings over the
next 10 years. These targets are expected to achieve the Climate Action Plan target of reducing
the greenhouse gas emissions from the residential sector from 6Mt CO2e in 2017 to 3-4Mt
CO2e in 2030.

This shows huge ambition and if targeted at those households that are mast in need then the
follow on implication for solid fuel use is clear. As homes are upgraded their dependence on
solid fuels reduces. However, piling more pressure on these very same households ahead of
the upgrade is unfair and makes no sense.

o Ensure investment in home upgrades and retrofits is prioritised and targeted at
those households which are in most need.

Conclusion

SFTG asks the Minister for Environment, Climate and Communications to consider the points
above. The arguments are real and valid, and should not be dismissed. We know that as the
price differential with Northern Ireland increases, illicit trade will increase, carbon tax revenues
will drop and there will be little or no control on fuel quality.

Bituminous coal use has declined by 90% since 1990. Further punitive regulation on existing
compliant solid fuels will drive increase in more polluting sod turf, wet wood and high sulphur
ovoids leading to increased levels of PM2 5 and PAH in our air.

We believe the solution to reduced emissions of PM2 5 and PAH, rests not with regressive

taxation increases that impact most on those in Fuel Poverty and even more restrictions on
existing compliant fuels, but in enforcement of existing regulations and increased efficiency of
fuel use, through the upgrading of appliances and retrofitting of households most in need.

Issued by: The So id Fucl Trade Grou March 2021
Contact: R o e o g g
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SEAI, Residential Fuel Use Appendix 1
Residantial Final Energy use (ktoe) 1990 2000 2005 2010 2015 2016
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Last Updaind : 6th November 2020
2019 provisional data
2019 provisional data based on 2018 breakdown

Sod peat is astimated due to new legisiation and the methodology is under raview

Coal - SEAI carry out 2 monthly sample survey of large solid fuel distributors and importers. An additional
estimate is made to cover the smaller units not surveyed. SEAI worked with the CSO in 2009 to develop this
estimation technique, which uses data from the CSO trade statistics. Prior to 2009, data was based on estimates
by industry experts.
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Peat - Industry experts provided an estimate for consumption of sod peat in the residential sector up to 2011. This
estimate was no longer available from 2012. For sod peat consumption in 2012, a 20% decrease was applied to
the 2011 estimate. Since then, in the absence of further data, the figure has been assumed to have remained
constant. In 2015, SEAI consulted with industry experts, and it was decided that there was no basis to amend the
figure further. In 2011, sod peat was estimated to account for 67% of residential peat use, the remainder being
from peat briquettes for which Bord na Ména provides an estimate.

Biomass - SEAI carry out a sample survey of known wood fuel suppliers. However, there is a very poor response
rate to this survey. The market changes frequently and not all suppliers are covered. An estimate is included for
untraded firewood. Since 1995, this has been assumed to have followed the same annual trend as coal and peat
consumption. In 1995, all wood use was untraded and was estimated as 30 ktoe. By 2016, it was assumed that
untraded wood use had dropped to 9 ktoe accounted for 32% of wood energy. The previous “Energy in the
Residential Sector, 2013 Report” contains a more detailed description of the methodology for estimating wood
use.

10
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Air Quality in Europe — 2020 Report Appendix 2

Figure E5.1 Key numbers
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Marked improvement in Europe's air quality over past

decade, fewer deaths linked to pollution

RaISonients Beiter alr quality has led to a significant reduction of premature deaths
Top over the past decade in Europe. However, the European Environment
Print friendly pdf Agency's (EEA) fatest official data show that almast all Europeans still
Prass contact sufler from alr poflution, leading to about 400,000 pramature deaths

acrass the continent.

The EEA's "Alr ruakity in Europe — 2020 reporl’ shows that six Member
States exceeded the European Union's limit valua for fing particulate
mattar (PM2.5) In 2018: Bulgaria, Croatia, Czechia, laly, Poland, and
Romania. Only four countries in Europe -~ Estonla, Fintand, Iceland and
Ireland — had fine particulate matter concentrations that wera below the
World Health Organization's (WHO) stricter guldetine values. The EEA
repart nates that thera remains a gap between EU's legal alr quality
limits and WHO guideines, an Issue that the European Commission
seeks to addrass with a revision of the EU standards under the Zero
Pollution Action Plan.

Air quality in Europe — 2020 Report, EEA Report No 09/2020
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Central Heating by Fuel Type (CSO)

Tabie 16: Cantral haating by fuel type

Household Budget Survey

Fuel Type % 2000
oll 12% 25% 39%
Natural Gas 4% 14% 5%
Blectricity 1% 2% 4%
Solid Fuel 31% 21% 9%
Other Central Heating % &% 7%
No Central Heating 43% 32% 17%
Source: CSO

2005

ERRE S

EERFEE

Appendix 3

Census
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Table 16 shows fuel used for central heating from 1987 to 2016 using a combination of data from the CSO
Household Budget Survey (HBS) and from the 2011 and 2016 censuses. Census 2011 was the first census to
include questions on the type of household heating. The HBS is based on a sub-sample of the population, whereas
the census surveys the full population. The HBS is scaled up to the national level based on the most recent census,
which for the 2010 HBS was the 2006 census. There were some differences between the HBS and the census
results, particularly for solid fuel and electricity; the reasons for this are not clear. Nevertheless, the broad
historical trends across the full time period can be inferred, for example, the widespread adoption of oil and gas

central heating systems from the 1990s onwards.

Solid Fuel Trade Group Limited
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A Study of Emissions from Domestic Solid Fuel Stove Combustion in Ireland  Appendix 4

A study of emissions from domestic solid fuel

stove combustion in Ireland
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The Riearks rport sstimates thal the Loia] nnssa] mpes of Py ; rrciesions from reskdentlad
biratog of snoky coad ln Lovland are 7451 tonees (315 of total PM emimbons ). peat 4558
woanen (61% of total P31 exsiesions] sed bioemass 554 touars (7% of tocal A enshminge)
Hewwwy, enreriainty surroumbs the repmoriiag of [domass furd rossamption. which may be
0% 10 20K kigher, when now-trednl wood b eciuded 42,

Butaing of these prodorts arcosat for wer K3% of (e otal reskientlal partiontste Mily,
ctttiinns lor Lhe whole of frefand. If, pa propesed, domentic rombastion of mmoky riad sml
prat were 100% sebetituted with aoprocrserd biomass furls, our resulis suggest that thin

rouk k] 1 signifionat facrrmars bn purticalate le poliution. Ae sutnd ln Srethm 3L Uee
sbwulnte bevel of P rosksions e linte! fow & iculer Lest depracds oo the meascrenest
mrtbol rmployed. Conling s Jileiks of the Bus goa prior 15 smpling ramvs thad on.
shrapabie crpaaie compuntds (COC] aee inrjude] bn e PM orassrrmests, ssd therelore
etadn 1o yiwkl 2 kighey "M EF than samples taken from Ui hot, raw o gaa. The mesrsrs-
‘vt vt revpuirel, bewever, i subutantlally more expensive, meate delicats, amd e
cumidarwotod Uit (het bt Bt eyitent, atd reqmisen signlficast rchskeal caperiioe for et gp
and oprration. The sswcisied] dilytles system n prome 1o bockagr [perticalarty duriag the
Palistemlve ignition  Hebt-up phasrs | sl introdecs syl inty reganiing the
it aniaweras Llsticn fath: - which i restral 1o the calenlation of PAl redebae. Mureperr,
thee Siorature mggrvis Uhe PPM EF b disertly affcted by the leved of diluthon sisployed *
Tt ot Bt Eaethoul. by rmtimet. bn redatively simple sz rolwst, sed captures P31 frus ali
stagea of the cusbasthm proress - Iacluding the abimportan galiien and [ight-off phuers.
However, it dors a6t caprere volitle organie saticy that comireer 51 & trmprrature wer
than that of the Blor harll, amsl may Userefiare naulerest lmate P56 swnisalans L fucde whth 3
high volatiles romtrat

Hasrd om the data in chaptrr L1, U sveragt Phl,, ruchmions arideg from dumestle
wlisl forl mtalntstlon srroes the whobe of Irvland in 3011 were 2 g ("2, Our rreals sug-
grat thai, if Loreled forks were onlmtitncrd for smoky toal, prat aml w-procreed woed
Tacks, Uhe rociustion by PAL , coeslons waonkd br in the reghon of 837 This is suppaaried by
previons rreults dewcriling bewefits of torpeiariion preteestmes lrnding to redoced hormathon
of PAl evimslens. ¥ The drerrase ln I'M roisiom caserd by torteiertion b Diely o cotml-
wation ol irrrat cfforis sach an pr plysical of ark A |
rossposltion, sad redertios of molsure costess, 0 previowsly seasued TP

When comparnd with Ernbite, secky coul bad similar valors ke clrtoratsl rocpaltion
mad enlorilie yalure., sn showt in Tobir2, $Howerrr, wooky roal showed greatey PA ewnducion
factors than the buralag of wekelre roul has precrated, Thus, the results bdirated Lhat

wnlhl furla

5 Conclusion

The noveliy of the present work derives fme U b of dual messarrment owthods to de
termine P rmimbn farvon fum dossthe slovrs. Thre rmbslos factors depend on weer
lrhavioar, ou siove-specific fatnres, und an Uhe e of mrasrment method sl Organie
arramla were (b domi liurnt of 3] radesloss olerrird in oor Lests, regasdies of
the rompmitional diffrrencrs between the farle. Howrver, Black carbon rosstitated 4p to
00% of M emlstnd by freliphters, and Berlighters aleo displayre & ['M rmimion Cactor [ar
blghry than any nf 1he el modind. Thew Sudiags will be cxplored? furtber in o Jurtheomi;
peprr. Thin stndy aiso suggema thal therraally prristating bicmass msing Lorrefaction can
wigniScantly rvdunce emissines rmpmred to woml ko, pest, and smoly el A rowstrywicke
welirk to 1) Erndevige approved stoves aud 2) lowrt rinltilog salid feels, conld have  sigaif-
fant bepact om aly poilutios reduction s Ireland Howeerr, Individas] wsers will contisee
to rxevt & weimanilal, sncusinidlable (nflerste ch the slaclate berel of P36 elsdon from
samally-rostrolied domesthe soves.
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