dublin ban on sales of bituminous coal

Description of the objective of the scheme

Urban pollution can be reduced through bans on the sale of certain fuel products. The target pollutants tend to be those associated with domestic coal burning i.e. black smoke
, SO2, PM10, and PAHs.

A good example of this type of scheme is the ban bituminous coal sales in Dublin and other urban areas in the Republic of Ireland. There are examples of similar measures that focus on restricting use of certain fuels, such as smoke control orders in the UK, and restrictions in certain urban areas of Greece e.g. Athens, Thessaloniki. The focus of this cases study is the Dublin example, as data exists to make an assessment of the costs and benefits. 

McLoughlin 2001 notes that deterioration in air quality in Dublin coincided with the issue of grants to householders to install back boiler systems post-1979 following the oil crisis. This encourage a reliance on bituminous coal that immediately led to increased black smoke levels in the city. Mean winter concentration of black smoke was 90g/m3 during 1981/82 and daily levels that winter were known to reach 1,800g/m3. Mean winter black smoke concentrations during 1984-90 were 85.4g/m3while those of SO2 in the same period were 40.4g/m3 (Clancy et al 2002). Data were not available to indicate the levels during this period of PM10. This pattern of pollution continued throughout the 1980’s until decisive action was finally taken.  On September 1st 1990, a ban on the sale, marketing and distribution of bituminous coal was introduced to cover Dublin City and some surrounding areas, to try and reduce this pollution problem. This ban was extended to Cork in 1995 and in accordance with a commitment in "An Action Programme for the Millennium", it was extended to five additional areas in 1998 (Arklow, Drogheda, Dundalk, Limerick and Wexford). Regulations introduced in September 2000 (with effect from the 1st October 2000) further extended the ban to five new areas (Celbridge, Galway, Leixlip, Naas and Waterford). 

Specifically, the type of coal than can be sold must meet one of two criteria as set out in the regulations:

· The maximum rate of smoke emissions permitted is 10 grams per hour based on 3.6 kg burned in accordance with British Standard 3841:1994

· Gross calorific value should be no greater than 24 MJ/kg on a moist ash free basis, and maximum volatile matter contents by weight should be no greater than 14% on a dry ash free basis.

Analysis of the environmental impacts

Emissions

McLoughlin (2001) presents the change in emission totals prior and subsequent to the ban introduction in the Dublin area. These data are shown in Table 19. 

Table 19 Change in emissions attributed to Dublin fuel ban.

	Pollutant
	1987

(pre-ban)
	1994/95

(post-ban)
	Change 

(tonnes)
	Reduction attributed to ban

 (tonnes)

	Smoke1
	12,900
	470
	-12,430
	-8,574 (69%)

	SO2
	5,400
	1,890
	-3,510
	-1,218 (35%)


1. Note that this is total particulate matter emitted and not ‘black smoke’ that comprises mainly fine particles.

Source: McLoughlin (2001)

58% of the reduction attributable to the ban was due to switching to non-solid fuels, while 42% was due to switching to smokeless solid fuels. For SO2, the figures were 88% and 12% respectively.

McLoughlin (2001) also calculated a top-down emission inventory, and calculated that the ban had been responsible for 86% of smoke reduction (as opposed to 69%) and 22% SO2 reduction (as opposed to 35%). This top-down approach was not used in subsequent environmental and health benefits analysis.

McLoughlin assumed a smoke emission rate of 35-50kg per tonne of fuel consumed. This corresponds well with data used to quantify smoke emissions in the UK (40kg smoke per tonne of smoky coal consumed in the domestic sector) and the same data source cites the PM10 emission rate in this sector as 9.696 kg per tonne of fuel consumed (Dore 2004). The mass fraction of PM10 from small combustion processes that is PM2.5 has been reported as 0.38 (TNO 1997 and USEPA 1995) hence the estimated abatement from the scheme as PM2.5 is 790 tonnes.  

Analysis has also been completed (Table 20) of the change in fuel use in Dublin before and after the ban (Clinch 2001). These data illustrate that the ban resulted in many individuals changing over to gas or liquid fuelled heating systems. At the same time a survey of households that were unaffected by the ban (i.e. outside Dublin) showed that there was an underlying trend towards gas and oil fuels but that the ban had accelerated this process by a factor of two.

Table 20 Change in fuel use pre- and post-Dublin fuel ban

	Fuel
	1987(pre-ban) (%)
	1994-95 (post-ban) (%)
	Change (%)

	Oil
	17
	26
	9

	Gas
	14
	50
	36

	Back boiler (solid fuels)
	30
	9
	-21

	Open fire (solid fuels)
	39
	15
	-24


Source: Clinch (2001)

Based on the above data, it is clear that the ban had a significant impact on the level of emissions associated with solid fuels (black smoke, PM, SO2), with a significant switch to cleaner fuels. 

Air quality

Clancy (2002) indicates that improvements in pollution concentrations after the ban were immediate and permanent. There was a 70-75% drop in black smoke concentrations, with a winter average concentration of 21.5 µg/m3 between 1990-1996. Levels of winter mean levels of sulphur dioxide also dropped by around 40% during the same period to 24.9 µg/m3. All of the available data for black smoke are shown in Table 21 below.

Table 21 Black Smoke average seasonal concentrations (µg/m3)

	Season
	1984-90 (pre-ban)
	1990-1996 (post-ban)
	Change

	Autumn
	62.4
	18.3
	-44.1

	Winter
	85.4
	21.5
	-63.8

	Spring
	39.6
	10.9
	-28.7

	Summer
	14.4
	8.2
	-6.2

	Total
	50.2
	14.6
	-35.6


Source: Clancy (2002)

There were no equivalent pre- and post-ban data on PM10 levels available for this analysis.

Health Indicators (exposure, mortality and morbidity)

Clancy (2002) assessed the impact of the Dublin bituminous coal sales ban on death rates. The analysis undertaken showed an average 403 fewer non-trauma deaths after the introduction of this measure, including 120 fewer respiratory deaths, 312 cardiovascular deaths but 29 more deaths from other causes. After adjustment for weather, epidemics and death rates in the rest of Ireland, there were considered to be 116 fewer respiratory deaths, and 243 fewer cardiovascular deaths. 

The change in death rates (after adjustment) were calculated over 72 months before and after the introduction of the ban and are presented in Table 22 below.

Table 22 Change in death rates due to Dublin fuel ban

	Death rate
	Adjusted % change
	Reduction in deaths

	Non-trauma
	-5.7
	287

	Cardiovascular
	-10.3
	243

	Respiratory
	-15.5
	116


Source: Clancy (2002)

The paper concludes, after taking account other factors, that ‘control of particulate air pollution in Dublin led to an immediate reduction in cardiovascular and respiratory deaths.’ 

An analysis of costs and benefits

The two main actors affected by the fuel ban are the solid fuel supply trade and the consumers.

Solid fuel supply trade

The Irish Government notes that although solid fuel sales will decline by 66% between 1990-2010 under business as usual projections there are still approximately 3,000 people employed in the solid fuels trade in Ireland (DEHLG 2001). The Government’s expectation was that the ban should not affect these jobs, as the traders would be equally free to switch to selling non-banned solid fuels. However, as has been noted, the ban essentially accelerated the rate at which people switched to competing fuels (gas and oil) so that it is inevitable that the solid fuel market and industry has suffered in the Dublin area. Moreover, until such time as the fuel ban is made national in scope then solid fuel traders in rural areas would be free to continue selling the banned products.

No quantitative data were available to further assess these costs.

Consumers

Clinch (2001) found that average weekly household expenditure on energy declined by 13.6% between 1987 (pre-ban) and 1994 (post-ban) in Dublin. However, in areas unaffected by the ban the decline in energy expenditure was 21.1%. This indicates that Dublin residents are bearing higher energy costs due to the ban. This difference was found to be relatively higher average weekly costs in Dublin for gas, oil and solid briquette use.

In a distributional economic analysis Clinch (2001) showed that it was mainly wealthier Dublin residents who switched to gas (with a relatively large initial expenditure on a new heating system) while poorer ones were forced to choose oil (lower conversion costs for existing systems). The very poorest households carried on burning non-banned solid fuels and had to bear a long-term increase in costs for these more expensive fuels. On the contrary, those who switched to gas heating systems would be expected to make long-term savings in their energy expenditure. To mitigate this impact the Government provides a weekly smokeless fuel allowance (€3.81) to qualifying households during winter months. The additional national cost of these payments was estimated to be €20.316million (DEHLG 2001).

Benefits

McLoughlin (2001) undertook a very simple benefits analysis and calculated health benefits of €19.4-20.7 million due to the ban. The following table presents an updated analysis consistent with the CAFE CBA approach described in Section 3.2 of this report.  This approach uses the emissions estimates above, rather than the estimated health benefits from the ex post study of Clancy.

Table 23 benefits (CAFE CBA method) of the Dublin fuel ban

	Pollutant
	SO2
	PM

	Emissions reduction (t)
	1218
	790

	Benefits (Euros 000's)1
	1064
	-
	3540
	70464
	-
	139092

	Total Benefits (Euros 000's)
	71528
	-
	142631


1) Benefits are presented as ranges, the lower end of which corresponds to the damage costs assessed on the basis of the value of a life year lost. The upper end corresponds to damage costs assessed on the basis of the value of a statistical life. This presentation is consistent with CBA methods.
Additional benefits would also have occurred from the ban – particularly the reduction in local building soiling from the reduction in black smoke.  This would increase the benefits above. 

The analyses above demonstrate that the balance of benefits to costs is favourable to very favourable for this measure. The benefits quantified by McLoughlin (2001) for Dublin alone balance the estimated national supplementary fuel payments (DEHLG 2001). The CAFE CBA analysis also shows a favourable ratio of benefits to costs.

Other evaluation criteria

Public and political acceptance

No specific information has been found on the acceptability of this measure, as used in the Republic of Ireland. A key factor was the transfer to other fuels was already underway, and this could have meant that this measure was more acceptable. In an analysis by Clinch (2001), the importance of current trends in the fuel market was outlined. 

The trend of moving to gas and oil was already well established, with a declining use of solid fuels. It is believed that the ban acted as a catalyst, in providing the incentive for consumers to move to gas and oil sooner rather than later, thereby speeding up fuel switching. This is an important point when considering the effectiveness of this measure – a gradual switch was already being made to other cleaner, more efficient fuels. 

Political acceptance will largely be determined by the economic consequences of a ban, the availability of alternative fuels for consumers and the reliance of the residential sector on the fuel product to be banned. However, in many European countries (as was the case in Ireland), the importance of solid fuels is decreasing, with a switch to cleaner fuels such as natural gas. This existing trend in many countries will make this measure more acceptable in general terms.

For the public, the price of alternative fuels for heating, and the levels of assistance for making such a transition will largely determine acceptability.

GHG reduction

The extent of GHG reduction will be primarily dependent on the transfer to a given fuel. Switching to alternative solid fuels with similar or higher carbon contents will not lead to any significant reductions. However, a switch to lower carbon fuels such as oil and particularly natural gas will mean additional benefits for GHG reduction.

Data in Table 20 define the extent of fuel switching after the fuel ban was implemented. Assuming each household needs to generate an equivalent amount of heat (i.e. uniform consumption of heat energy) then a mean domestic sector carbon emission factor can be derived from fuel carbon emission factor data (IPCC 1996)
. Pre-ban the derived mean carbon emission factor is 23.38 tC/TJ and post ban it is 19.05 tC/TJ. This indicates a decrease of approximately 18.5% in the Dublin domestic sector carbon emissions. If, as has been noted, the ban accelerated the underlying trend towards natural gas and oil in the domestic sector by a factor of approximately 2, then approximately half of the carbon emission reduction estimated may be attributable to the fuel ban.  This would significantly increase the benefits above. 

Others

There may be some quality of life issues with switching to fuels such oil and gas, and away from the use of solid fuels. These may include:

· Reduced handling of fuels due to constant supply (through pipe network), and automated feed of fuel.

· Reduced fuel prices, as natural gas / oil tend to be cheaper than solid fuels (based on heating value and because they are burned more efficiently). The initial investment in a new heating system would of course need to be made.

Mcloughlin (2001) undertook a cost benefit analysis of the coal ban and concluded that households that switched to oil or gas as opposed to an alternative solid fuel were better off over a 20-year time frame.

Advantages and limitations of the measure

Potential advantages of this measure include:

· Significant decreases in levels of air pollution. The synergistic combination of particulate matter and SO2 has historically been a source of severe acute pulmonary disorder among vulnerable groups such as the elderly. The ban has had a large impact in reducing these impacts, other respiratory impacts (see the CAFE CBA analysis) and the chronic mortality impacts from particulate matter.

· Low additional costs of switching to other types of solid fuels (due to the smokeless fuel allowance payments) and other fuels e.g. gas / oil, though this has involved a transfer payment.

· Relatively low cost of enforcement due to enforcement of SALE restriction as opposed to FUEL USE prohibition.

Limitations of this measure include:

· Restrictions are only on the sale of bituminous coal in the specified urban areas – this type of regulatory approach does not ban the actual consumption so long as it has been purchased elsewhere. The restriction is on the marketing, sale and supply of bituminous coal.

· The Irish Government (DEHLG 2001) notes that some alternative solid fuels have higher sulphur content than bituminous coal. Therefore, the Government in it’s proposed ban on this fuel is also proposing a ban on such higher sulphur fuels in order to ensure an overall reduction in ambient levels of this pollutant.

Analysis of possibility of extension to other cities

Such a measure could be further extended to other cities across Europe that have similar pollution problems associated with the burning of solid fuels. Pye 2004 considered this issue in a report to the Commission on the costs and environmental effectiveness of options for reducing air pollution from small scale combustion sources. 
This study found that several new Member States, in particular Poland, and to a lesser extent, the Czech Republic have significant levels of solid fuel consumption, although generally not in the largest urban areas which have seen large scale conversion to natural gas combustion in the last 15 years.  Further reductions in solid fuel use are predicted as gas supply infrastructure continues. However, many regions may continue to use solid fuels, particularly in those areas which gas infrastructure may not reach for a number of years.  Therefore, site-specific problems will persist for several more years at least. Even in the other Member States problems may still persist in some areas, which continue to use solid fuels but the inventories are not sufficiently detailed to be certain about the number or distribution of these locations or the population exposed. Therefore, there is an uncertain potential for measures eliminating smoky fuels (as in Dublin) to produce benefits at many sites across Europe.
Enabling transition to alternative fuels

If a specific fuel is going to be banned, two key considerations will be necessary:

· Are there affordable alternative fuels that will be appropriate replacements?

· Will this disproportionately affect lower income groups?

Alternative fuels may not be readily available in a given urban area e.g. due to the lack of gas infrastructure, which could make the transfer to another fuel difficult. Transferring to other alternative solid fuels will also only be possible by the availability of such products on the market.

Many lower income groups may be more reliant on solid fuels than higher income groups due to not having the available finances to invest in alternative fuel technologies. Consideration may need to be given as to how to reduce the financial burden on lower income groups from such a measure. The costs of assistance for the authorities could be considerable. 

As illustrated in the analysis by Clinch (2001), the fuels that consumers switched to (as an alternative to bituminous coal) by socio-economic group were also considered. Higher income groups tended to switch to gas (where initial investment costs were higher), whilst lower income groups were more likely to switch to smokeless solid fuels and peat briquettes (which did not tend to involve significant investment costs), and oil.

Acceptability

This issue has already been covered in this case study but is probably worth reiterating. Coal may have been used for many years; cultural factors can therefore make a transition to another type of fuel difficult. A sales ban in urban areas does not necessarily prevent households purchasing bituminous coal in other areas of the country, and using it in solid fuel appliances.

There may also be issues of acceptability for industry, with the coal trade losing significant business. However, they would still be able to sell alternative solid fuels so might not actually be disadvantaged too significantly.

In general terms, the barriers to introducing such a measure to other cities appear to be few. The key issues will be the ability of householders to transfer to other fuels, based on availability of alternative fuels and costs incurred, and the overall acceptability of such a measure, both by the population and the implementing authorities.

Contact for more information (air quality related)
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Department of Environment, Heritage & Local Government
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Dublin 1

Ireland.

Tel. + 353 (0)1 888 23 89
Email: Micheal_Young@environ.ie 

Web:   www.environ.ie
� “Black smoke” is an indicator of particulate matter in the atmosphere that predates the current focus on PM10, PM2.5 and ultrafine fractions of this pollutant. Its measurement depended on whole air large volume sampling onto filter paper via a sampling head that excludes particles above an approximate 4micron radius. The severity of the pollution is measured via the reflectance of the sample. In the 1960’s when the technique was developed coal was the highly dominant PM source and the reflectance of the sample was calibrated to a mass concentration in air based on the properties of coal. We have assumed that prior to the bituminous coal ban, this was also the dominant source of particulate matter in Dublin’s air and hence the relationship between black smoke and mass concentration still apply.


� Fuel specific emission carbon factors. Natural gas = 15.3 tC/TJ, “other oil products” = 20.0 tC/TJ and average coal = 25.85 tC/TJ.





