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EXECUTIVE SUMMARY
The UK is a signatory to the Stockholm Convention on Persistent Organic
Pollutants (POPs). This treaty and the definition of POPs includes polychlorinated
dibenzo-para-dioxins (known as “dioxins”) and polychlorinated dibenzofurans
(known as “furans”).
The Stockholm Convention requires parties to take measures to reduce emissions
with a view to eliminating the unintentional production of Persistent Organic
Pollutants (known as uPOPs). The purpose of this project is to enable SEPA to
fulfil its duties under the Stockholm Protocol. The Scottish Environment Protection
Agency (SEPA) needs to provide information on emissions of dioxins, furans and
PCBs from the processes for which it is responsible. Emissions from processes
regulated by SEPA account for a relatively small proportion of overall emissions
from Scotland.
SEPA has developed the Scottish Pollutant Release Inventory (SPRI). This is a
useful resource, which includes information on reported emissions of dioxins and
furans. However, the SPRI is set up to meet other objectives, and contains
information on dioxin and furan emissions from a relatively small number of
processes. Consequently, the SPRI and other sources of information were used to
develop a project-specific inventory of releases of dioxins and furans from
regulated industry in Scotland. This was Phase 1 of the project.
In Phase 2, options for reducing emissions of dioxins and furans were evaluated to
identify their potential effectiveness for reducing emissions of dioxins and furans.
This considered firstly the programme of environmental improvements already
under way within regulated industry in Scotland. This stage also took account of
whether other future developments are likely to affect emissions of dioxins and
furans from regulated sources.
Secondly, other opportunities for reducing
emissions of dioxins and furans from regulated processes over and above those
already committed were investigated.
The outcome from Phase 2 was an assessment of changes in emissions of dioxins
and furans which are expected to occur in the future, together with a set of potential
candidate measures for reducing emissions of dioxins and furans from regulated
processes further.
In Phase 3, the economic costs of securing additional improvements using
potentially effective measures identified in Phase 2 were evaluated. These were
assessed alongside the likely benefits in terms of reduced emissions.
Phase 1: Current emissions
The annual inventory of emissions to air of dioxins and furans from regulated
processes in Scotland was estimated to be as follows:
Solid fuel combustion for electricity generation:
0.05 – 1.3 grams ITEQ dioxin and furan/ year;
Other industrial solid fuel combustion:
0.005 – 0.12 grams ITEQ dioxin and furan/ year;
Liquid fuel combustion:

0.02 – 1.8 grams ITEQ dioxin and furan/ year;

Waste incineration:

0.08 – 0.25 grams ITEQ dioxin and furan/year;
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Landfill of waste:

0.06 – 1.0 grams ITEQ dioxin and furan/year;

Cremation:

0.012 – 0.9 grams ITEQ dioxin and furan/year;

Cement manufacture:

0.01 – 0.08 grams ITEQ dioxin and furan/year;

Oil refining:

1.4 – 2.0 grams ITEQ dioxin and furan/year; and

Animal carcass incineration:

0.25 grams ITEQ dioxin and furan/year.

The total inventory for Scotland due to emissions from all sources is estimated to
be 29 grams ITEQ per year. The most significant sources of dioxins and furans
include accidental fires, agricultural waste burning, and small-scale waste burning.
These are not regulated by SEPA.
The priority sectors for SEPA are those that it regulates. In view of this, the
following sectors were identified as being of highest priority as regards emissions of
dioxins and furans:
Combustion processes;
Refinery processes;
Ferrous Metals
Production of Cement and Lime;
Incineration ;
Landfill and Disposal to Land; and
Phase 2: Future trends and options
In Phase 2 of the project, the likely trends in emissions of dioxins and furans from
regulated sources were evaluated. The effects of measures and trends which are
forecast to take place with no further regulatory action or investment were
assessed. The key issues identified were:
Implementation of the IPPC Directive;
Implementation of the Large Combustion Plants Directive;
Implementation of the Aarhus Protocol;
Implementation of carbon emissions trading;
Implementation of the Landfill Directive;
Air quality framework/daughter Directives;
Fuel prices;
Committed biomass development;
Planned abatement on crematoria; and
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“Business as Usual” emissions of dioxins and furans
The effects of potential emission control measures were also evaluated.
scenarios identified were:

The

Development/implementation of IPPC Guidance;
Switch from solid/liquid fuel to gas;
Financial incentives for non-IPPC installations which apply BAT to reduce
emissions of dioxins and furans;
Provision of advice to the vehicle and white goods shredding/cable stripping
industry;
Communications on substitute products and process technology to reduce
dioxins;
Specification of emission limit values for dioxins and furans from the iron and
steel, non-ferrous metals, power production and refinery sectors;
Emissions trading regime;
Increasing use of biomass as fuel source;
Carbon dioxide capture and storage;
A limit on the trace metal or chlorine content of solid fuels;
Provision of guidance for additional controls on operating conditions; and
Provision of guidance aimed at reducing or eliminating substances which may
act as catalysts for the unintentional formation of dioxins and furans.
Current emissions from regulated industry in Scotland were estimated to be
approximately 5 grams TEQ unspecified per year. “Business as usual” measures were
expected to result in a reduction to approximately 4 grams TEQ unspecified per year.
These reductions are forecast to result mainly from coal and oil combustion
processes, and from crematoria.
The additional measures which are forecast to result in the most significant
reductions in emissions of dioxins and furans are those addressing emissions from
refinery processes. Other measures which could have a significant benefit include
the use of bag filters at combustion processes, an increasing use of biomass in
combustion processes, and switching from solid/liquid fuel to gas. There are a
number of other measures which may result in a reduction in emissions of dioxins
and furans, but which could not be quantified.
The outcome of Phase 2 includes a set of measures which are most likely to be
effective in delivering a reduction in emissions of dioxins, furans and PCBs from
regulated industry in Scotland. An economic assessment was carried out on the
measures which go beyond the business as usual scenario.
The costs to industry of these measures were assessed, taking into account the
economic costs and business risks or operational risks where these can be
assessed. Data on economic costs was taken from evaluations produced by
national governments and national environmental regulators.
The European
SCOTTISH ENVIRONMENT PROTECTION AGENCY
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Commission holds a range of data on controlling pollution from different industry
sectors.
Economic information for this evaluation was taken from sources
including:
The European Commission and European Environment Agency websites;
BAT Reference Notes;
Operator data provided as part of IPPC permit applications or in fulfilment of
improvement programme measures; and
Discussion with industry representatives to obtain cost data, in cases where
published data was not available.
The potential benefits of the set of measures were identified, together with the
corresponding economic costs. As well as reductions in emissions of dioxins and
furans, benefits may include concomitant reductions in emissions of other
pollutants, or improved efficiency of combustion plant. Reductions in emissions of
dioxins and furans will have benefits in reducing population exposure to dioxins and
furans. This reduced exposure will provide a benefit to individuals and society as a
whole in terms of reduced ill-health, reduced costs of providing health care, and
increased productivity.
Drawing on the outcome of Phases 1 and 2 and the economic evaluation, the
candidate measures for reducing emissions of dioxins, furans and dioxin-like PCBs
from regulated industry in Scotland were prioritised in terms of their costeffectiveness. This can be used to identify the most effective control measures, in
the context of sources of dioxins, furans and dioxin-like PCBs in Scotland, and
SEPA’s obligations under the Stockholm Protocol.
Phase 3: Indicative costs of further reductions
An economic evaluation was carried out for nine potential further emissions
reduction scenarios. These are numbered E1 to E9 as follows:
Scenario E1: Switch from solid/liquid fuel to gas;
Scenario E2: Carbon injection at remaining coal-fired power plant;
Scenario E3: Provision of information to the shredder industry;
Scenario E4: Communication on substitute products and process technology;
Scenario E5: Implementing controls on refinery emissions;
Scenario E6: Inclusion of dioxins and furans in emissions trading;
Scenario E7: Limit on the trace element content of solid fuels;
Scenario E8: Increasing use of biomass; and
Scenario E9: Carbon dioxide capture/storage.
The most cost-effective measures to reduce emissions of dioxins and furans were
found to be:
Scenario E2

Installation of carbon injection plant at coal-fired power plant; and
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Scenario E5

Implementing controls on refinery emissions.

The following measures may also be effective at low cost, although their
effectiveness could not be assessed in quantitative terms:
Scenario E3

Provision of information to the shredder industry; and

Scenario E4

Communication on substitute products and process technology.

Conclusions and recommendations
It is recommended that SEPA should consider revisions to the Scottish Pollutant
Release Inventory (SPRI). Any such changes to the SPRI would need to be
assessed at the UK level and may require consultation with process operators.
These changes could include obtaining additional information from process
operators, developing the SPRI guidance, and developing a database of emissions
data for use by SEPA inspectors.
It is recommended that SEPA should seek additional information on emissions of
dioxins and furans from regulated refinery processes via the normal permitting
procedures.
It is recommended that SEPA should consider developing or contributing to further
controls of dioxin and furan emissions via control measures E2, E3, E4 and E5.
It is recommended that SEPA should continue to support the development and
promulgation of substitute products and process technologies to reduce the
formation of pollution at source.
A study to measure emissions of dioxins and furans when burning coals of different
trace metal, sulphur and chlorine content is recommended.
It is recommended that SEPA should consider the risks of an increase in emissions
of dioxins and furans alongside the benefits of reducing the sulphur content of
fuels.
Further research into emissions and controls on dioxin emissions from combustion
of biomass and treated wood waste is recommended.
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1.

INTRODUCTION
1.1

Background to Dioxins and dioxin-like polychlorinated biphenyls

1.1.1

Dioxins and dioxin-like PCBs

Dioxins and dioxin-like polychlorinated biphenyls (PCBs) are a group of chemicals
with similar structures. They are produced in extremely small amounts mainly as
the by-products of combustion processes. Some PCBs were manufactured in the
past, for example, for use in transformers. Consequently, there are residual
sources arising from these historical uses. Society is concerned about them
because of their toxicity, and because they persist in the environment and may
bioaccumulate in food and human tissues. They are considered to have similar
mechanisms of toxicity and so are grouped together when considering potential
health and environmental risks.
Good progress has been made in recent years in reducing emissions of these
substances (particularly from incinerators, power stations, steelworks and other
industrial sources), so that public exposure to dioxins and dioxin-like PCBs is now
1
less than a third of what it was 10 years ago.
1.1.2

Seveso Directives

An explosion at a chemical plant near Seveso, Northern Italy in 1976 resulted in the
release of a vapour cloud containing dioxins and furans. The incident resulted in
contamination of people, animals, crops and land in the vicinity of the plant. The
Seveso incident was the biggest single release of anthropogenic dioxins, estimated
to amount to several kilograms.
Control of dioxins and furans in Europe originated with the “Seveso Directive”
(82/501/EEC), following this accident. The Seveso Directive was replaced by
Council Directive 96/82/EC, the “Seveso II Directive”. This Directive was extended
by Directive 2003/105/EC. The Seveso II Directive applies to industrial
establishments where dangerous substances are present in quantities above the
thresholds set out in the Directive. This is implemented in the UK as the Control of
Major Accident Hazards Regulations 1999 (as amended) ("the COMAH
Regulations"). These regulations provide for control of hazards associated with
chemical processes in general, and are not specifically focused on dioxins. This
contributes to the prevention of accidental releases of dioxins. The Health and
Safety Executive and SEPA are the competent authority for the COMAH
Regulations in Scotland.
1.1.3

Stockholm Convention

The UK is a signatory to the Stockholm Convention on Persistent Organic
Pollutants (POPs). This treaty and the definition of POPs includes polychlorinated
dibenzo-para-dioxins, polychlorinated dibenzofurans, and dioxin-like polycyclic
biphenyls. Because of the similarity of the unintentional production sources,
environmental behaviour, and potential effects of these substances, they are often
grouped together. These are abbreviated to “dioxins, furans and PCBs.”

1 Department for Environment, Food and Rural Affairs, “Dioxins and dioxin-like
PCBs in the UK environment”, Consultation document,” October 2002
SCOTTISH ENVIRONMENT PROTECTION AGENCY
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The Stockholm Convention requires parties to take measures to reduce emissions
with a view to eliminating the unintentional production of Persistent Organic
Pollutants (known as uPOPs). The main tool for this is the production of a National
Dioxin Action Plan. The purpose of the Dioxin Action Plan is to set out the
restrictions in place to control emissions and to outline future actions to reduce
environmental and human exposure to dioxins and furans and dioxin-like PCBs.
The Stockholm Protocol requires signatories to control the unintentional production
of dioxins, furans and PCBs.
These substances can be produced as the
unintentional by-products of combustion processes. Some PCBs were in the past
manufactured commercially, but this no longer takes place.
Defra and the Devolved Administrations including the Scottish Executive have
previously commissioned a number of reports in order to review current research
and to identify knowledge gaps and therefore prioritise further work. A consultation
document and partial regulatory impact assessment was published in 2002. 2 This
was followed by two further studies arising from the consultation process. A cost
curve study considered a number of diffuse sources and recommended further
control measures and the likely costs and impacts on emissions these controls
3
would have.
More recently, Lancaster University prepared a report to review
aspects of the current state of knowledge on dioxins and to identify possible
research needs in support of policy objectives. 4
Following this work, two further studies were carried out and published in 2006.
Enviros Consulting Ltd carried out a study on domestic sources of dioxins and
furans 5 A study to further refine the emissions inventory of dioxins and furans was
also published. 6
1.1.4

What are dioxins and PCBs?

The term “dioxins” is shorthand for polychlorinated dibenzo-para-dioxins. The term
refers to a family of chemicals which comprise two benzene rings linked by oxygen
atoms, and with a number of chlorine atoms present on the benzene rings. The
closely related group of chemicals known as polychlorinated dibenzofurans (or
more simply “furans”) has a very similar chemical structure. In this case, the links
consist of one oxygen atom, and one simple chemical bond. The chemical
structures of the dioxin and furan groups are shown in Figures 1 and 2.

2 Department for Environment, Food and Rural Affairs (2002), “Dioxins and dioxinlike PCBs in the UK environment: Consultation Document”; Department for
Environment, Food and Rural Affairs and Devolved Administrations (2002) “Partial
Regulatory Impact Assessment – Dioxins and Dioxin-like PCBs in the UK
Environment,”
3 Department for Environment, Food and Rural Affairs (2003) , “Development of UK
Cost Curves for Abatement of Dioxin Emissions to Air”;
4 Jones and Sweetman for Defra and Devolved Administrations, (2004) ”Research
Priorities for Dioxins and Polychlorinated Biphenyls”
5 Enviros Consulting Ltd for Defra (2006), “Emissions of dioxins and dioxin-like
polychlorinated biphenyls from domestic sources”
6 AEA Technology for Defra (2006), “A review of the current source inventories for
dioxin and dioxin-like PCBs for air, soil, and water with a view to updating emission
factors/estimates and inclusion of new sources,” Report Ref. ED48412
SCOTTISH ENVIRONMENT PROTECTION AGENCY
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Figure 1

Chemical structure of 2,3,7,8-tetrachloro dibenzo-para-dioxin

Figure courtesy of National Library of Medicine
Figure 2

Chemical structure of 2,3,7,8-tetrachloro dibenzofuran

Figure courtesy of National Library of Medicine

A carbon atom is located at each point where two or more lines meet. Other
members of the dioxin and furan groups have chlorine atoms linked to other carbon
atoms.
Polychlorinated biphenyls (PCBs) have a similar structure to dioxins and furans.
They again contain two benzene rings with a number of chlorine atoms, but in this
case, the rings are linked by a single chemical bond rather than by “bridges” formed
with oxygen atoms. The chemical structure of an example member of the PCB
group is illustrated in Figure 3.
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Figure 3

Chemical structure of a polychlorinated biphenyl (PCB 77)

Figure courtesy of National Library of Medicine

PCBs have chlorine atoms attached to one or more of the carbon atoms. The term
“dioxin-like PCBs” covers certain coplanar-substituted polychlorinated biphenyls.
The term “dioxin-like” refers to the fact that, like dioxins, the normal position of the
benzene rings of these chemicals is in the same flat plane. This is due to the
relative positions of the chlorine atoms on the two benzene rings. This means that
these compounds have similar physical-chemical properties to dioxins and furans
and result in a similar range of toxic responses. This study considers dioxin-like
PCBs under the appropriate toxic equivalent scheme (see below), and does not
consider the much larger group of PCBs in general.
Because they are hydrophobic and resistant towards chemical conversion, oxidation
and subsequent excretion from the body, dioxins and dioxin-like PCBs persist and
bioaccumulate in fatty tissues of animals and humans.
This leads to biomagnification in the food chain, as higher animals consume tissue containing
elevated levels of dioxins and furans, as well as absorbing dioxins and furans
directly. This can result in a higher level of dioxins and furans in higher organisms
than would be expected simply from an evaluation of direct exposure.
Consequently, the principal route of human exposure is through the dietary
consumption of animal fats, fish, shellfish, and dairy products.
1.1.5

Measuring dioxins and furans

Levels of a specific set of dioxins, furans and dioxin-like PCBs are normally
recorded. Rather than reporting the levels of these individually, it is most common
to report the levels of the individual chemicals multiplied by a factor to reflect the
toxicity of each individual substance. This is referred to as a “toxic equivalent” or
“toxic equivalency quotient” (TEQ) value. A number of different schemes have
been proposed for the toxic equivalence factors, of which the most widespread are
the NATO Committee on the Challenges of Modern Society (NATO-CCMS) values
(dioxins and furans only) and the W orld Health Organisation values from 1998
(WHO-TEQ). The NATO-CCMS values are also referred to as International TEQ
values (referred to as ITEQ). Data referred to as ITEQ in some instances includes
dioxin-like PCBs based on an earlier W HO scheme from 1994, but more commonly
refers to dioxins and furans alone. The W HO98 scheme includes updated toxic
equivalence values for PCBs unless otherwise specified. The WHO scheme was
updated in 2006, but the data used in this report was obtained prior to this update.
The toxic equivalence values are set out in Table 1.
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Table 1

Toxic equivalence factor

ITEQ

NATO-CCMS

WHO98

2,3,7,8-TetraCDD

1

1

1

1,2,3,7,8-PentaCDD

0.5

0.5

1

1,2,3,4,7,8-HexaCDD

0.1

0.1

0.1

1,2,3,6,7,8-HexaCDD

0.1

0.1

0.1

1,2,3,7,8,9-HexaCDD

0.1

0.1

0.1

1,2,3,4,6,7,8-HeptaCDD

0.01

0.01

0.01

1,2,3,4,6,7,8,9-OctaCDD

0.001

0.001

0.0001

2,3,7,8-TetraCDF

0.1

0.1

0.1

1,2,3,7,8-PentaCDF

0.05

0.05

0.05

2,3,4,7,8-PentaCDF

0.5

0.5

0.5

1,2,3,4,7,8-HexaCDF

0.1

0.1

0.1

1,2,3,6,7,8-HexaCDF

0.1

0.1

0.1

2,3,4,6,7,8-HexaCDF

0.1

0.1

0.1

1,2,3,7,8,9-HexaCDF

0.1

0.1

0.1

1,2,3,4,6,7,8-HeptaCDF

0.01

0.01

0.01

1,2,3,4,7,8,9-HeptaCDF

0.001

0.001

0.01

1,2,3,4,6,7,8,9-OctaCDF

0.001

0.001

0.001

3,3'4,4'-TetraCB (PCB 77)

-

-

0.0001

3,4,4',5-TetraCB (PCB 81)

-

-

0.0001

2,3,3',4,4'-PentaCB (PCB 105)

-

-

0.0001

2,3,4,4',5-PentaCB (PCB 114)

-

-

0.0005

2,3',4,4',5-PentaCB (PCB 118)

-

-

0.0001

2',3,4,4',5-PentaCB (PCB 123)

-

-

0.0001

3,3',4,4',5-PentaCB (PCB 126)

-

-

0.1

2,3,3',4,4',5-HexaCB (PCB 156)

-

-

0.0005

2,3,3',4,4',5'-HexaCB (PCB 157)

-

-

0.0005

2,3',4,4',5,5'-HexaCB (PCB 167)

-

-

0.00001

3,3',4,4',5,5'-HexaCB (PCB 169)

-

-

0.01

2,3,3',4,4',5,5'-HeptaCB (PCB 189)

-

-

0.0001

Dioxins

Furans

PCBs

While there are differences between the toxic equivalence schemes, the similarity
of the schemes means that differences between the schemes are likely to be less
significant than the variability in the available scientific data from which emissions
estimates can be built up. Differences between schemes are therefore considered
SCOTTISH ENVIRONMENT PROTECTION AGENCY
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unlikely to materially affect the findings of this study. In this report, dioxin and
furan levels are referred to using the following convention:
WHO 1998 TEQ scheme (dioxins, furans and dioxin-like PCBs):

WHO-TEQ

NATO-CCMS TEQ scheme (dioxins, furans and dioxin-like PCBs): ITEQ
NATO-CCMS TEQ scheme (dioxins and furans only):

ITEQ D+F

TEQ scheme not known or value calculated from more than one scheme:
TEQ Unspecified
Measurement of dioxins and furans is a highly challenging procedure, requiring
detailed attention to the handling and analysis of samples.
Methods and
procedures have improved the consistency of measurements in recent years, but
there remains a significant uncertainty of the order of ±25%, even when standard
sampling and analysis protocols are followed.

1.2

This project

The purpose of this project is to enable SEPA to fulfil its duties under the
Stockholm Protocol. SEPA needs to provide information on emissions of dioxins,
furans and PCBs from the processes which it regulates. Emissions from processes
regulated by SEPA account for a relatively small proportion of overall emissions
from Scotland. This is discussed in more detail in Section 2.5.
The current Scottish Pollutant Release Inventory (SPRI) is a recently developed,
exemplary tool – in particular, the practical and informative “substance data”
feature is very useful. The inventory for 2005 includes 35 companies reporting a
release of dioxins and furans, up from 15 in 2004. Of these processes, only three
reported a release above the reporting threshold.
The Scottish Pollutant Release Inventory (SPRI) was set up to enable SEPA to
meet its obligations under the IPPC directive (96/61/EC) and European Commission
Council Decision 2000/479/EC to report on emissions of a wide range of
substances to air, land and water. The reporting thresholds and arrangements are
specified externally by the European Commission. SEPA does not have the
discretion to revise these thresholds, although it may collect data with different
parameters for its own purposes.
The SPRI was reviewed to establish whether it provides a complete picture of the
types of installation reporting an emission of dioxins and furans, and whether
operators are providing the inventory with a reliable calculation of emissions of
dioxins and furans. In particular, the possible contribution of emissions from
processes below the SPRI reporting thresholds of 0.01 grams ITEQ/W HO-TEQ per
year was considered.
As discussed above, the SPRI is designed to meet a specific requirement on SEPA.
However, it also provides a very useful tool which SEPA can use to support its role
in securing reductions in emissions of dioxins, furans and PCBs from the sources
for which it is responsible, with a view to eliminating the production of uPOPs.
SEPA needs to be aware of the basis on which the SPRI is established to ensure
that potentially misleading conclusions are avoided.
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The SPRI and other sources of information were used to develop a project-specific
inventory of releases of dioxins and furans from regulated industry in Scotland.
This constituted Phase 1 of the project.
In Phase 2, options for reducing emissions of dioxins and furans were evaluated to
identify their potential effectiveness for reducing emissions of dioxins and furans.
Firstly, a programme of environmental improvements is already under way within
regulated industry in Scotland. The principal mechanism for this programme is
improvement programmes under IPPC. This is linked to other programmes such as
reductions in emissions and operating hours of large combustion plant, and
reductions in carbon dioxide emissions arising from the EU Emissions Trading
Scheme. The first stage was therefore to evaluate the reductions in emissions
likely to occur as a result of this programme. This stage also took account of
whether other future developments are likely to affect emissions of dioxins and
furans from regulated sources – e.g. changes in fuel used in power stations,
industrial boilers and other combustion processes; or a change in the prevalence of
incineration of household, hazardous or industrial wastes.
Secondly, other opportunities for reducing emissions of dioxins and furans from
regulated processes over and above those already committed were investigated.
The measures which were considered included the following:
Possible restrictions on fuel quality / type, to reduce or eliminate the use of
fuels which give rise to relatively high emissions of dioxins, furans and PCBs.
Guidance and controls on combustion conditions designed to promote
conditions which destroy dioxins and furans and on minimising the opportunity
for de-novo formation of dioxins, furans and PCBs.
Reducing or eliminating substances which may act as catalysts for the
unintentional formation of dioxins, furans and dioxin-like PCBs in combustion
processes.
Focusing on sectors which make a significant contribution to the total inventory
of dioxins, furans and PCBs, and/or to the uncertainty in the inventory. In
general, emissions from regulated industry are known with better confidence
than more diffuse sources, but sectors making a significant contribution to
6
uncertainty in the inventory include industrial combustion and crematoria.
The outcome from Phase 2 was an evaluated set of potential candidate measures
for reducing emissions of dioxins and furans from regulated processes.
In Phase 3, the economic costs of securing additional improvements using
potentially effective measures identified in Phase 2 were evaluated. These were
assessed alongside the likely benefits in terms of reduced emissions.
This
constituted Phase 3 of the project.
To carry out Phases 1, 2 and 3, the following work programme was carried out.
The Scottish Pollutant Release Inventory (SPRI) and associated guidance was
reviewed. Emissions estimates were identified from this inventory. In some
respects, the SPRI does not produce data which can be directly used in a full
evaluation of emissions of dioxins, furans and PCBs. These aspects of the
SPRI were identified.
Further estimates of emissions to supplement the SPRI data were developed to
quantify emissions below the SPRI threshold; and to quantify emissions which
SCOTTISH ENVIRONMENT PROTECTION AGENCY
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may not have been reliably quantified by respondents. This drew on studies
already carried out in support of Defra and the Devolved Administrations’
programme for reduction of uPOPs under the Stockholm Protocol.
The likely developments in key industries in Scotland in response to regulatory
processes were reviewed. These include:
-

IPPC (by reference to current improvement programmes contained in
operating permits, IPPC guidance, and BREF notes. The Waste Incineration
Directive and Large Combustion Plant Directive are implemented under the
IPPC regime, and developments under these directives were considered.

-

Other regulatory regimes such as the Emissions Trading Protocol, Landfill
Directive and Local Air Quality Management.

-

Other external influences such as likely trends in fuel prices

The likely influence of these developments on emissions of dioxins and furans
were estimated.
Potential additional controls which may be effective in reducing emissions of
dioxins, furans and dioxin-like PCBs from regulated processes in Scotland were
reviewed. This considered both the effectiveness of these controls, and the
associated costs. The additional controls included:
-

Possible restrictions on fuel quality / type

-

Guidance and additional controls on combustion conditions.

-

Identifying, reducing or eliminating substances which may act as catalysts
for the unintentional formation of dioxins, furans and dioxin-like PCBs in
combustion processes.

-

Focusing in detail to identify whether additional controls could be applied to
key sectors

A set of potentially feasible measures was identified and characterised in terms
of their potential costs to industry (including economic costs, business risks or
operational risks where these can be assessed) and their potential benefits in
terms of reduced emissions. A reduction in emissions would be expected to
result in reduced body burdens, and potentially reduced costs arising from illhealth due to exposure to dioxins, furans and dioxin-like PCBs.
A set of recommendations was provided. This includes recommendations for
the most cost-effective additional control measures, together with other
recommendations arising from the project.
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2.

PHASE 1: SEPA REGULATED SOURCES OF DIOXINS
2.1

Methodology

2.1.1

Phase 1 Task (a): Review the Scottish Pollutant Release Inventory and
associated guidance

The Scottish Pollutant Release Inventory (SPRI) is a useful tool which makes
information on emissions from regulated processes readily available.
This
encourages debate on issues such as climate change and benchmarking of
environmental performance.
However, as noted in Chapter 1, the emissions inventory for 2005 included only 35
companies reporting a release of dioxins and furans, of which only three reported a
release above the reporting thresholds of 0.01 grams W HO-TEQ or 0.01 grams
ITEQ per year. The reporting thresholds are specified at a European level, and
hence in the SPRI, to ensure that emissions are reported on a consistent basis
across all European Community member states, and to avoid disproportionate
demands on less significant sources of emissions. The total reported emission
from the three sources emitting above the reporting threshold was 0.18 grams
WHO-TEQ in 2005.
Because the SPRI is set up to meet the requirements of European Commission
Council Decision 2000/479/EC, it is not designed to give a complete picture of
emissions of dioxins and furans from processes regulated by SEPA. There are four
contributory reasons for this.
Firstly, because of the specialised and highly technical measures needed to
assess dioxins and furans, industrial process operators may not have realised
that their process could emit any dioxins and furans. Operators may not have
appreciated that their process could release dioxins and furans at levels which
are extremely low, but which are nevertheless above the SPRI reporting
threshold.
Secondly, process operators may not have calculated their emissions of dioxins
and furans robustly. Alternatively, a process operator may not realise that a
release below the reporting threshold must be reported as “BRT.” W e do not
have any evidence that this has occurred in practice.
Thirdly, the SPRI threshold for reporting emissions of dioxins and furans is 0.01
grams WHO-TEQ or grams ITEQ per year. There could conceivably be a
considerable number of processes within a sector such as crematoria with
emissions below this reporting threshold. While an individual process would not
result in a reportable emission, the sector could in aggregate potentially
constitute a significant source of dioxins and furans.
Fourthly, Part B processes are regulated by SEPA, but are not currently
covered under the SPRI. Emissions from these processes could potentially
make a significant contribution to emissions of dioxins and furans.
To investigate this, the following steps were carried out.
(a)

SEPA maintains public registers relating to its regulated processes at five
regional offices – Aberdeen, Dingwall, East Kilbride, Edinburgh, and Perth.
Databases containing basic information on these processes were obtained
from the regional office registries. This information was collated to provide
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a single reference source for regulated processes, including operator
name and address, industry sector, and regulatory office.
(b)

Further process databases were provided by SEPA data management
functions.

(c)

The industry sectors were prioritised on a qualitative basis, taking account
of the likely significance of dioxin emissions from an individual process in
each IPPC sector, and the numbers of regulated processes in each sector.
Seven sectors were identified for more detailed investigation.

(c)

The operators of a sample of processes in the seven priority sectors were
contacted to discuss returns to the SPRI.
The aim of this was to
understand how emissions estimates were made, and whether operators
had carried out the evaluation and reporting correctly.

(d)

Where appropriate, and where sufficient information was available, the
emissions calculations for dioxins and furans for the processes in the
priority sectors were revised.

(e)

The guidance on quantifying and reporting emissions of dioxins, furans
and PCBs provided as part of the SPRI package was evaluated. This was
aimed at identifying how effective it is at informing operators that they may
emit dioxins and furans. We evaluated whether the SPRI guidance gives
the operators the tools (methods and data) that they need to evaluate
dioxin and furan emissions.

2.1.2

Phase 1 Task (b): Develop
supplement the SPRI data

further

estimates

of

emissions

to

Following this review, a revised emissions inventory for industrial sources of dioxins
and furans regulated by SEPA was developed. While not complete, this inventory
provided an understanding of sources of dioxins and furans which could potentially
make a significant contribution to emissions from regulated processes in Scotland.
Using this partial inventory, it was possible to identify IPPC sectors where
emissions of dioxins and furans could fall below the SPRI thresholds for individual
processes, but nevertheless make a significant contribution to regulated process
emissions.
These emissions would not be reportable under SPRI.
More
importantly, this inventory enabled target sectors to be identified where investment
in further controls could potentially be beneficial in reducing emissions of dioxins
and furans.
The partial emissions inventory was compiled using Microsoft Excel, and could
readily be extended to take advantage of new information. For example, process
operators in some or all sectors could be required to provide data on actual or rated
throughput/production rather than the current voluntary arrangement. This would
provide useful data to enable the database to be extended, and the key sources of
dioxins and furans to be quantified with greater confidence.
The value of the SPRI as a tool for estimating emissions of dioxins and furans was
assessed, and recommendations for its improvement were made (see Section 2.2).
Sources of data on industrial process throughput
The intention at the outset of the project was to use information on process
capacity and throughput provided to the SPRI by process operators.
This
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information is provided voluntarily by operators. In the event, it was found that
insufficient information was returned to the SPRI by process operators to support
the development of useful estimates of the national inventory of dioxins and furans.
Instead, information on process capacity/throughput for key sectors was obtained
from other third party sources. The sources of information used were as follows:
Information on fuel usage in Scotland was taken from statistics held by
13
Department for Trade and Industry and the Scottish Executive.
Information on waste disposal to landfill and via incineration in Scotland was
7,8
taken from reports prepared by SEPA and Napier University.
Limited information on throughput in the iron and steel industry in Scotland was
9
provided by the Iron and Steel Statistics Bureau.
Information on cement clinker production was provided by National Statistics.

10

Sources of data on emissions of dioxins and furans from industrial processes
Emissions of dioxins and furans from industrial processes were estimated using
published compilations of emissions data. This information was taken from:
The UK National Atmospheric Emissions Inventory;

11

The European Pollutant Emissions Register (http://eper.cec.eu.int/eper);
The recent European Union study of measures to reduce releases of uPOPs;
The United States Environmental
(www.epa.gov/ttn/chief/ap42);

Protection

Agency

AP42

31

compilation

The recent re-evaluation of dioxin and furan emission inventories carried out for
6
Defra and the Devolved Administrations;
A literature database assembled by Enviros Consulting Ltd for our recent Defra
study of dioxins, furans and PCBs from domestic combustion.
A study of small combustion plants of less than 20MW was carried out for the
12
Scottish Executive; however, the original report could not be traced.

7 Napier University, “Estimation of commercial and industrial waste produced in
Scotland in 2004, Nov 2006
8 Scottish Environment Protection Agency, W aste Data Digest 2003
9 Iron and Steel Statistics Bureau, communication to Enviros Consulting Ltd,
December 2006
10 National Statistics,
(corrected), 2005

“Product

Sales

and

Trade,”

PRA

26510,

“Cement”

11 Defra, National Atmospheric Emissions Inventory, available via www.naei.org.uk
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2.1.3

Phase 1 Task (c): Other sources of dioxins and furans

Finally, contextual information on other sources of emissions of dioxins and furans
was gathered. This allowed the significance of emissions from regulated processes
to be compared to other sources of dioxins and furans. This took into account the
likely quantity of emissions; the uncertainty associated with emissions from
different source groups; and the ease of measurement and control of emissions
from different source groups.

2.2

Phase 1 Task (a): Review the Scottish Pollutant Release Inventory
and associated guidance

The SPRI is built up from reporting forms which are completed by operators of
regulated processes in Scotland. The onus is on the operator of a process to
understand which substances are emitted, and to report all emissions to SEPA. In
doing this, the operator will need to consider whether the process emits the
substances covered by the SPRI at all, and if so, whether emissions exceed the
reporting thresholds.
A range of guidance documents is provided by SEPA to accompany the SPRI. The
SPRI website also refers to Environment Agency guidance for some sectors. At
present, the documents which can be downloaded from the SPRI website are as
follows:
SPRI General Guidance;
Guidance for Petroleum process;
Guidance for Combustion processes;
Guidance for Incineration Activities;
Note for Ferrous & Non-ferrous metals;
Guidance for Cement and Lime;
Guidance for Paper & Pulp;
Guidance for Chemicals Activities;
Radiological sites (guidance from the Environment Agency);
Landfill (guidance from the Environment Agency); and
Non-landfill waste management processes (guidance from the Environment
Agency).

12 Scottish Executive, “Emissions of Sulphur Dioxide from Small Combustion Plants
of <20MW ,” Prepared by Entec Ltd for Scottish Executive, 2000.
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2.2.1

SPRI General Guidance

The SPRI general guidance sets out the thresholds applicable to reporting to the
SPRI. The reporting thresholds for emissions to air of dioxins, furans and dioxinlike PCBs are 0.00001 kg (i.e. 0.01 grams or 10,000 micrograms (µg)) toxic
equivalent per year, based on either the ITEQ or WHO-TEQ scheme. No thresholds
are specified for emissions of dioxins and furans to water, and the implication is
that these emissions are not likely to be significant. Emissions of PCBs to water
are calculated as the total mass of PCBs rather than as a toxic equivalent. A
threshold of 0.002 kg per year is specified for emissions to water of PCBs
The general guidance document sets out the method for calculation of toxic
equivalence. Guidance is provided on calculating emissions from monitoring data,
and from emissions factor databases. Mass balance, indirect measurement and
engineering judgment are not well suited to estimating emissions of dioxins and
furans, due to the complexity of formation processes, the lack of information on
inputs and emissions in products or to the environment, and the lack of correlations
on which to base indirect estimates.
The general guidance explains methods for estimating emissions to air in principle.
The guidance indicates that while there is considerable information available on air
emission factors, the majority of data refer to oxides of nitrogen, VOCs, particulate
matter, sulphur dioxide, lead or ammonia. There are relatively few emission factor
compilations for individual dioxin congeners.
2.2.2

SPRI supporting guidance

The SPRI combustion guidance confirms that emissions to air of dioxins and furans
from combustion processes may be significant, and provides methods for
calculation of emissions to air. The combustion guidance gives the following
emission factors for estimating emissions of dioxins and furans to air:
3.1 x 10

-11

kg WHO-TEQ dioxins and furans / tonne dry coal or
ITEQ dioxin / tonne dry coal

5.2 x 10

-11

kg WHO-TEQ dioxins and furans / tonne heavy fuel oil or
ITEQ dioxin / tonne heavy fuel oil

The guidance confirms that combustion of natural gas does not give rise to
significant emissions to air of dioxins and furans.
The amount of solid and liquid fuel consumed by Scottish industry (apart from the
electricity supply industry) in 2005 was 1112 Gigawatt hours (GW h) solid fuel and
13
5090 GWh oil. Solid fuel combustion in the electricity supply industry is estimated
to be 11000 GW h per year. This gives the following estimated emissions for
industrial fuel combustion in Scotland:
Solid fuel combustion (power stations): 0.05 grams WHO-TEQ or ITEQ dioxin
and furan/ year.
Solid fuel combustion (other industry): 0.005 grams WHO-TEQ or ITEQ dioxin
and furan/year.

13 Scottish Executive, “Scottish Energy Study - Volume 1 - Energy in Scotland,
Supply
and
Demand,”
January
2006,
available
from
http://www.scotland.gov.uk/Publications/2006/01/19092748/0
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Most industrial solid fuel combustion is likely to take place in larger scale
industrial processes regulated by SEPA, with a relatively small proportion taking
place in non-regulated industrial processes. It was considered likely that no
more than three quarters of industrial solid fuel combustion takes place at
SEPA-regulated processes. Because this is a relatively small fraction of the
overall Scottish inventory, the value used for the proportion of industrial solid
fuel combustion taking place at SEPA-regulated processes is not significant in
the context of other sources of dioxins and furans.
Liquid fuel combustion: 0.022 grams WHO-TEQ or ITEQ dioxin and furan/year.
Industrial liquid fuel combustion is likely to take place in a wide range of
industrial processes, including both processes regulated by SEPA and nonregulated industrial processes. It was considered likely that no more than half
of industrial liquid fuel combustion takes place at SEPA-regulated processes.
This assessment indicates that industrial liquid fuel combustion may be a more
significant source of emissions of dioxins and furans in Scotland than industrial coal
combustion.
The SPRI guidance on the chemical treatment of waste does not refer to dioxins
and furans. It confirms that PCBs are in general not likely to be emitted from the
chemical treatment of waste, unless there is a specific reason to believe that PCBs
may be emitted.
The SPRI guidance on food and drink processes indicates that dioxins and furans
could be emitted from food manufacturing processes, but only as a result of
combustion. Operators of food and drink manufacturing processes which include
solid or liquid fuel combustion may not be aware that their combustion processes
gives rise to emissions to air of dioxins and furans, and therefore needs to be
reported as an actual value or as Below Reporting Threshold (“BRT”).
The SPRI guidance on refinery processes indicates that dioxins and furans could be
emitted from combustion sources. However, the guidance goes on to state that:
“Industry consensus indicates refineries not a source of dioxin emissions –
assume BRT” (reference: Barnes, “UK Oil Refining and Atmospheric Emissions of
Dioxins” (2004) and ENTEC, “Development of UK Cost Curves for Abatement of
Dioxin Emissions to Air” (2003) ).
3

In fact, both these references draw on the data in the Entec report. Barnes (2004)
gives the following emissions factors for dioxins and furans from refinery
14
processes.
These emission factors are obtained from different published
references, and cover a wide range of potential emissions.
Combustion: 0.87 – 1.0 micrograms (µg) ITEQ per tonne of oil produced
Combustion: 0.2 micrograms ITEQ per cubic metre of oil produced
Combustion: 0.17 –0.2 micrograms ITEQ per tonne of oil produced
Combustion: 3.7 – 4.3 micrograms ITEQ per tonne of oil produced
Catalyst regeneration: 0.00001 – 0.00152 micrograms ITEQ per barrel feed

14 Barnes, “UK Oil Refining and Atmospheric Emissions of Dioxins,” Energy
Institute, London, 2004
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The oil refinery capacity in Scotland is approximately 10 million tonnes of oil per
year. This indicates that annual emissions to air of dioxins and furans in Scotland
could be approximately 1.7 to 43 grams ITEQ per year.
As a cross-check, the estimated inventory from the UK refinery industry as a whole
11
is 13 grams ITEQ per year.
Emissions from refinery processes in Scotland are
likely to comprise a relatively small fraction of this inventory. This indicates that the
estimate is most likely to lie at the lower end of the range of estimates suggested in
Barnes (2004). Barnes (2004) comments that “The estimation of dioxin emissions,
particularly from oil refineries is not a mature science … Very little quantitative
information is available on the relative significance of individual sources because of
a scarcity of appropriate emission factors" In view of this, it is recommended that
SEPA should seek additional information on emissions of dioxins and furans from
regulated refinery processes via the normal permitting procedures. This could take
the form of a desk-based study followed by a measurement programme if the desk
based study showed the potential for significant emissions or uncertainty.
The SPRI guidance on landfills advises operators to use Gas-sim to estimate
emissions to air from landfill sites. W ork carried out by Enviros Consulting Ltd for
the Irish Environmental Protection Agency indicated that using Gas-sim to estimate
emissions to air of dioxins and furans from landfill sites would result in estimated
15
All landfills
emissions below the reporting threshold for all conceivable cases.
would be expected to report emissions of dioxins and furans as “below reporting
threshold.”
The SPRI guidance on waste transfer stations confirms that these facilities are not
likely to be sources of dioxins and furans.
2.2.3

Scope of SPRI return – does a process emit dioxins and furans?

The SPRI general guidance document does not give specific advice to operators as
to whether a process could emit dioxins and furans. Unless an operator is in an
industry generally known to be associated with emissions of dioxins and furans, or
there is some reason to expect dioxins and furans to be emitted from the facility
(e.g. a past monitoring campaign), there is no reason why a release of dioxins and
furans should be reported.
This could result in the omission of some substances from registering an emission
of dioxins and furans. In 2005, 625 individual sites reported to SPRI, of which 334
sites were marine cage fish farms or sewage treatment works. Out of the remaining
291 processes, 35 reported a release of dioxins and furans. In fact, any process
involving the combustion of solid or liquid fuels should report an emission of dioxins
and furans, even if it will in most cases be below the reporting threshold. The
relatively small proportion of processes reporting a release of dioxins and furans
suggests that some under-reporting may have occurred. If this has occurred for
any processes, it would be expected that emissions should have been reported as
“below reportable threshold” (BRT). This means that any failure to report emissions
in this way would not have affected the inventory of emissions produced under the
auspices of the SPRI.
Processes which could be particularly at risk of not reporting emissions in this way
include:

15 Environmental Protection Agency, “EPER 2005: Phase 2.1 Document Review &
2.2 Sector Guidance,” report ref. EN0500018A prepared by Enviros Consulting Ltd,
August 2005
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Refining Mineral Oil and Gas, Operating Coke Ovens and Coal Gasification and
Liquification Activities
Ferrous Metals
Landfill and Disposal to Land.
Combustion
Non-Ferrous Metals
Organic Chemicals
In view of this, it is recommended that the SPRI general guidance could be updated
to provide a matrix to allow operators to decide which substances are likely to be
emitted from their processes. This could be based on the matrix provided as part of
16
EPER guidance (Table 4, “Sector-specific checklist for pollutants likely to be
emitted to air by source categories of Annex I activities,” see below). Any changes
to SPRI would need to be assessed at the UK level and may require consultation
with process operators.

16 European Commission,
November 2000
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Figure 4

Excerpt from EPER Guidance
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2.3

Phase 1 Task (b): Develop further estimates of emissions to
supplement the SPRI data

2.3.1

Other sources of emissions factors for combustion processes

Other sources indicate the following range of emission factors:
(3.1 – 85) x 10

-11

(5.2 – 430) x 10

17,18,19,20

kg WHO-TEQ or ITEQ dioxin / tonne dry coal

-11

kg WHO-TEQ or ITEQ dioxin / tonne heavy fuel oil
13

The amount of fuel used by Scottish industry is given in paragraph 2.2.2 above.
The factor for heavy fuel oil was assumed to apply to all oil combustion processes
in the absence of other information. This gives the following estimated emission
ranges for industrial fuel combustion in Scotland:

Solid fuel combustion in the electricity supply industry: 0.05 –1.3 grams W HOTEQ or ITEQ dioxin and furan/ year
Other industrial solid fuel combustion: 0.005 – 0.12 grams WHO-TEQ or ITEQ
dioxin and furan/ year
Liquid fuel combustion: 0.02 – 1.8 grams W HO-TEQ or ITEQ dioxin and furan/
year
The SPRI factors are at the lower end of the range of factors identified. It appears
likely that liquid fuel combustion is a more significant source of emissions of dioxins
and furans than industrial coal combustion.
The United States Environmental Protection Agency review of dioxin and furan
emission factors indicates the following emission factors for dioxins and furans from
composite coal and oil fired utility boilers. These may be more applicable to
smaller boiler plant used in industrial premises.
Composite coal fired utility boilers: 0.23 micrograms WHO-TEQ/tonne.
Composite oil fired utility boilers: 0.38 micrograms WHO-TEQ/tonne.
These factors are within the range identified above.
2.3.2

Other sources of emissions factors for waste incineration

73,000 tonnes per year of household waste was incinerated in Scotland in 2003/4.
This is estimated to result in emissions to air of 0.04 – 0.21 grams ITEQ of dioxins

17 United Nations Environment Programme, workbook, 2003
18 European Commission, BAT Reference Note for combustion processes, 200x
19 United
States
Environmental
Protection
www.epa.gov/ap42, accessed 2006/2007
20 National Atmospheric Emissions Inventory,
(accessed November – December 2006)
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17,19,45

and furans, based on the range of available emissions factors.
Incineration of
hazardous waste (19,500 tonnes in 2003) is estimated to have resulted in a
comparable emission to air of 0.041 grams ITEQ dioxins and furans.
2.3.3

Other sources of emissions factors for landfill

1,530,000 tonnes of waste was disposed of to land in 2003/4 by local authorities.
The disposal of waste by landfill is currently undergoing significant change.
Disposal of biodegradable waste results in the generation of landfill gas. The gas
is generated over a long period of time. W here practicable, this is dealt with by
beneficial use in generating engines, or by flaring. A small proportion of landfill gas
is not captured and escapes as a fugitive release. Some landfill sites do not
capture the landfill gas generated at the site, with the result that it is released
passively to the atmosphere. These tend to be the older and/or smaller sites which
have a relatively low rate of gas production.
Landfill site operators have access to the GasSimLite model to use in estimating
emissions of substances associated with landfill gas. This is a limited version of
the GasSim model, which was designed to allow landfill operators and regulatory
bodies to evaluate the environmental performance of different gas management
systems and to optimise landfill gas management. Research carried out by Enviros
for the Irish Environmental Protection Agency indicates that the GasSimLite model
is in general an appropriate tool to use for assessment of emissions to air for
reporting to the European Pollutant Emission Register (EPER). Research by
Jacobs and Scharff indicates that the LandGEM model for estimating landfill gas
21
generation produced the largest overestimate of the models tested. The GasSim
model produced results much closer to the observed emission. However, this
research was only conducted on one specific landfill and will vary at other sites.
Further validation of the GasSim model can be found in the user manual available
at www.gassim.co.uk.
GasSimLite can in principle be used to estimate emissions of substances including
dioxins and furans from landfill processes. However, the model is set up so as to
report a zero emission of dioxins and furans from any landfill. This is adequate for
22 , 23
reporting to SPRI in view of the reporting threshold, but other information
indicates that landfill sites may emit dioxins and furans at levels below the limit of
significance.
Emissions and combustion of landfill gas were estimated by combining data on the
7,8
amount of waste landfilled in Scotland
with emission factors for dioxins and
furans in emissions from biogas engines, emissions from flares, and fugitive
22,23
emissions of landfill gas.
This provided the following estimated emissions to air
of dioxins and furans:
Combustion in generating engines:

0.0006 – 0.0986 grams ITEQ per year

21 Jacobs, J.; Scharff, H.: Comparison of methane emission models to methane
emission measurements. NV Afvalzorg for European Federation of Waste
Management and Environmental Services
22 Defra, Review of Health and Environmental Effects of waste management:
Municipal Solid W aste and other wastes, 2004
23 Her Majesty’s Inspectorate of Pollution, “A Review of Dioxin Emissions in the
UK”, 1995
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Combustion in flares:

0.002 – 0.737 grams ITEQ per year

Fugitive release:

0.062 – 0.151 grams ITEQ per year

The wide uncertainty range arises from the wide variability in measurements of
emissions from landfill gas flares and engines.
2.3.4

Other sources of emissions factors for crematoria

The USEPA AP42 report indicates that emissions of dioxins and furans from
-10
crematoria are approximately 4.04 × 10
grams WHO-TEQ per body cremated.
24
This value is unexpectedly low, and a draft USEPA evaluation
found that
emissions of dioxins and furans were about 1000 times higher. This indicates that
the USEPA AP42 document may have been in error by a factor of 1000.
Consequently, the value used in the study was 1000 times the value given in the
-7
USEPA AP42: a value of 4.04 × 10 grams WHO-TEQ per body cremated.
25

There were 34,400 cremations in Scotland in 2004, indicating that emissions of
dioxins and furans from cremation in 2004 were approximately 0.014 grams WHOTEQ.
This is lower than the estimated emissions based on the National
Atmospheric Emissions Inventory. The NAEI indicates that approximately 11 grams
ITEQ dioxins and furans are emitted per year from crematoria in the UK as a whole.
8.1% of cremations took place in Scotland, and so the estimated emission from
crematoria in Scotland based on NAEI data was 0.9 grams ITEQ per year.
Emissions measurement data for two crematoria in Scotland were reviewed. Data
measured at a crematorium operating without abatement indicated that the
-11
emission rate of dioxins and furans was approximately 6 × 10
grams NATOCCMS TEQ/s. Assuming that each cremation lasts approximately 100 minutes, this
indicates that emissions of dioxins and furans from crematoria in Scotland amount
to approximately 0.012 grams NATO-CCMS TEQ per year. This is consistent with
the value derived from USEPA data above, and indicates that the NAEI estimate
may be a significant over-estimate. Measured emissions from a crematorium
operating with abatement were substantially lower.
2.3.5

Other sources of emissions factors for cement manufacturing

A review of emissions from cement manufacturing processes carried out for Defra
indicated that emissions to air of dioxins and furans from cement manufacturing
processes are approximately 0.08 micrograms TEQ unspecified /tonne clinker
26
production.
The report does not specify the TEQ scheme on which it is based.
26
[NOTE: the factor is incorrectly reported in the report for Defra as 0.08 milligrams
TEQ/tonne clinker production: the correct figure given above was deduced from the

24 United States Environmental Protection Agency, “Draft Exposure and Human
Health Reassessment of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) and Related
Compounds,” Volume 2, 2000
25 Cremation Society of Great Britain, “Progress of Cremation in the United
Kingdom 1885-2004” (2006) available from
www.srgw.demon.co.uk/CremSoc4/Stats/National/ProgressF.html
26 Defra, “Emission factors programme Task 4(b) – Review of cement sector
Pollution Inventory,” report ref. AEAT/ENV/R/1425/Issue 1, prepared by AEA
Technology, August 2003
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figure on page 44 of the Defra report]. This factor is subject to an uncertainty of
greater than 100%.
The capacity for cement manufacture in Scotland is one million tonnes clinker per
year. The emissions of dioxins and furans reported to the SPRI from cement
manufacture were 0.0109 grams ITEQ in 2005. The reported value is lower than
would result from a simple application of the emission factor of 80 micrograms
TEQ unspecified /kilotonne clinker. This is likely to be due to the uncertainty in this
emission factor: emissions from an individual facility will vary depending on factors
such as the nature of the fuel, and on the emissions controls used. There are
effective controls on emissions of dioxins and furans from cement manufacture in
Scotland. The value reported to the SPRI has been audited and is based on
measurements of dioxin and furan emissions over many years. It is therefore
considered by SEPA to be reliable.
2.3.6

Other sources of emissions factors for oil refining

Emissions to air from oil refining were estimated from UK national estimates and
refinery capacity in Scotland. The annual emissions to air of dioxins and furans are
estimated to be approximately 1.4 to 2.0 grams ITEQ per year, most likely at the
lower end of this range.
2.3.7

Other sources of emissions factors for animal carcass incinerators
27

A review of combustion processes
indicated that the national inventory of
emissions to air from animal carcass incinerators in the UK is approximately
0.25 grams TEQ unspecified dioxins and furans per year. This would correspond to an
inventory of approximately 0.04 grams TEQ unspecified dioxins and furans per year
from Scotland. This emission is likely to be insignificant in the context of other
sources of emissions to air.
2.3.8

Audit of dioxin and furan emissions calculations

Information held by SEPA
Information was provided by SEPA detailing the SEPA regulated IPPC Part A
28
processes and Part B processes. The information was provided from a number of
separate databases held within SEPA and combined into a single data set. This
information was used to identify the number and type of processes operating within
Scotland with the potential to emit dioxins.
Permitted processes were grouped by PPC Sector activities reported at each
installation. W here information specifying actual activities undertaken on site was
not provided, the process description was used to identify the most likely sector.
Many installations reported more than one permitted activity. Additionally,
installations open and close, change ownership and operational function. The
information provided forms only a snapshot assessment of those sectors operating
at the time the SEPA databases were accessed.

27 Defra, “Emission factors programme Task 7 – Review of Residential & SmallScale Commercial Combustion Sources,” report ref. AEAT/ENV/R/1407/Issue 1,
prepared by AEA Technology, August 2003
28 Scottish Environment Protection Agency, communications to Enviros Consulting
Ltd, November – December 2006
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A total of 451 Part A installations and 725 Part B processes were reported. These
were broken down into the number of permitted activities by PPC sector, as
explained above. The results of this study are provided in Table 2. Petrol stations
are classed as Part B processes, but have not been included in the assessment,
since they are not likely to be a significant source of dioxins and furans.
Sector prioritisation
Given the large number of sectors and installations, the sectors were prioritised to
enable attention to be focused on the sectors with the most significant risk of
producing dioxins and furans.
Each sector was given a risk rating from 1 (low risk) to 5 (high risk) classifying the
likely potential of individual facilities within the sector to produce dioxins and
furans. This rating was created based on professional judgement both on the
process operation type, and an understanding of the processes currently
understood to be operating. The numbers of processes in Scotland were also given
a ranking of 1 to 5, as follows:
40 or fewer processes:

Process number rating: 1

41 to 80 processes:

Process number rating: 2

81 to 120 processes:

Process number rating: 3

121 to 160 processes:

Process number rating: 4

161 to 200 processes:

Process number rating: 5

The significance of each sector in terms of the potential for emissions of dioxins
and furans was then assessed by multiplying the risk rating for each sector by the
process number rating in the sector. This “sector risk” was then used to identify
priority sectors where attention should be focused.
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Table 2

Identified Process Sectors and Risk Ratings

1.1

Combustion

36

15

51

Process
number
rating
2

1.2

Refining Mineral Oil and Gas, Operating Coke Ovens and Coal Gasification and
Liquefaction Activities

11

22

33

1

5

5

2.1
2.2
2.3

Ferrous Metals
Non-Ferrous Metals
Surface Treatment Metals & Plastic Materials

4
7
15

8
8
6

12
15
21

1
1
1

5
4
2

5
4
2

3.1

Production of Cement and Lime

1

180

181

5

Part A: 4
Part B: 1

4/5

3.2
3.3
3.4
3.5
3.6
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
5.1
5.2
5.3
5.4
5.5
6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9

Activities Involving Asbestos
Glass and Glass Fibre Manufacture
Production of Other Mineral Fibres
Other mineral activities
Ceramics Production
Organic Chemicals
Inorganic Chemicals
Chemical Fertiliser Production
Biocide Production
Pharmaceuticals Production
Explosives Production
Manufacturing Activities Involving Carbon Disulphide or Ammonia
The storage of chemicals in bulk
Incineration
Landfill and Disposal to Land
Disposal of Waste Other Than by Incineration or Landfill
Recovery Activities
The Production of Fuel from Waste
Paper and Pulp Manufacturing Processes
Carbon Activities
Tar and Bitumen Processes
Coating Activities, Printing and Textile Treatments
The Manufacture of Dye Stuffs, Printing Ink and Coating Materials
Timber Activities
Activities involving rubber
Treatment of Animal and Vegetable Matter and Food Industries
Intensive Farming

0
4
0
2
6
27
21
0
3
5
0
0
0
11
71
16
5
3
18
0
0
23
4
1
0
72
85
451

0
5
26
198
5
4
0
1
0
1
0
0
1
23
0
0
0
0
0
0
2
105
41
42
4
28
0
725

0
9
26
200
11
31
21
1
3
6
0
0
1
34
71
16
5
3
18
0
2
128
45
43
4
100
85
1176

1
1
1
5
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
4
2
2
1
3
3

PPC Sector Information

S1 – Energy

S2 – Metals

S3 – Minerals

S4 – Chemicals

S5 – Waste

S6 - Other
Sectors

Total
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Part A

Part B

Total
installations

Risk
Rating

Sector
Risk

4

8

3
3
1
3
4
2
4
2
4
3
3
3
4
3
4
1
2
2
3
1
1
-

3
3
5
3
4
2
4
2
5
6
3
3
4
3
4
4
4
4
3
3
3
-
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The six sectors with the highest sector risk were identified for more detailed
investigation. IPPC sector 3.5 (“Other mineral activities”) was identified mainly as a
result of the relatively high number of processes in this sector, whereas the sector
activities do not pose a risk of emissions of dioxins and furans. This sector was not
considered further in this evaluation. IPPC Section 3.1 (“Production of Cement and
Lime”) was also identified mainly as a result of a relatively large number of very low
risk batching processes.
However, because this sector includes cement
manufacturing, it was retained in the evaluation.
This resulted in the following six sectors being identified for further investigation:
IPPC Sector 1.1

Combustion

IPPC Sector 1.2

Refining Mineral Oil and Gas, Operating Coke Ovens and
Coal Gasification and Liquefaction Activities

IPPC Sector 2.1

Ferrous Metals

IPPC Sector 3.1

Production of Cement and Lime

IPPC Sector 5.1

Incineration

IPPC Sector 5.2

Landfill and Disposal to Land

This evaluation identified all the highest risk industries (those with a risk rating of 5)
for detailed assessment.
Calculation audits
Combustion processes:
Audits of calculations carried out for combustion
processes were carried out separately by SEPA regulatory officers. SEPA has
concluded that the combustion process emissions calculations were satisfactory
Oil Refining: In view of the provisions of the guidance for the oil refinery sector,
no audit was carried out following discussion with SEPA regulatory officers
Production of Cement and Lime:
Audits of calculations carried out for the
cement and lime manufacturing sector have been carried out separately by SEPA
regulatory officers. SEPA has concluded that the cement and lime manufacturing
sector emissions calculations were satisfactory
Landfill and Disposal to Land:
The primary tool used for estimating
emissions to air of dioxins and furans from landfill sites is the Gassim system
(either the full Gassim package, or the limited GasSimLite package). This tool
indicates that estimated emissions of dioxins and furans from landfill processes are
zero, and operators could reasonably conclude from this that dioxins and furans
were not emitted from landfill facilities. A number of process operators were
contacted, and none had carried out an assessment of dioxin and furan emissions.
It was therefore concluded that landfill operators are following current
recommended approaches, which do not quantify any release of dioxins and furans.
Landfill operators are unlikely to record emissions of dioxins and furans as “Below
Reporting Threshold” because there is no reference in the relevant guidance and
assessment tools that dioxins and furans may be emitted from landfill sites.
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Incineration: Municipal waste incinerator process emissions of dioxins and
furans were reported as “Below Reporting Threshold” in 2004 and 2005. This would
be a reasonable finding, provided the concentration of dioxins and furans in
emissions from waste to energy facilities was significantly below the limit specified
in the W aste Incineration Directive. Emissions of dioxins and furans would also be
lower if the process throughput was below the plant capacity of 120,000 tonnes per
year.
Emissions of dioxins and furans from waste incinerator processes are normally well
below the emissions limit specified in the Directive, and it is recommended that the
operator calculations are cross-checked to ensure that this was the case.
Hospital waste incinerator calculations were also checked.
Hospital waste
incinerator emissions are reported as “Below Reporting Threshold.”
As an
example, for a process with a design capacity of 125 kilograms of waste per hour,
emissions to air of dioxins and furans would be expected to be well below the
reporting threshold. This was checked against emissions monitoring data which
also indicated that emissions to air of dioxins and furans were “Below Reporting
Threshold.”
It was concluded that the hospital waste incinerator operators for which reports are
available via SPRI have properly completed their inventory calculations in regard to
emissions to air of dioxins and furans.
Ferrous Metals:
An investigation of ferrous metals processes was carried out
to verify the absence of reported emissions to air of dioxins and furans from this
sector. Some ferrous metal processes (e.g. foundries) would in principle be
expected to give rise to emissions of dioxins and furans, although these may be
below the SPRI reporting threshold. The risk of dioxin formation in non-ferrous
29
metal foundries is very low.
Emissions of dioxins and furans from small to medium foundry processes are
estimated to be approximately 0.027 nanograms ITEQ per tonne of material
30
processed.
This estimate is consistent with the range of estimates for foundry
17
processes in the UNEP handbook.
These values indicate that emissions of
dioxins and furans from foundry processes in Scotland are likely to be below the
SPRI reporting threshold. This is consistent with the limited number of ferrous
metal processes providing reports to the SPRI. While ferrous metal foundry
operators should consider reporting emissions of dioxins and furans as “Below
Reporting Threshold,” this is unlikely to occur in practice because there is no
reference in the relevant guidance that dioxins and furans may be emitted from
these processes.

2.4

Phase 1 Task (c): Other sources of dioxins and furans

Total dioxin emissions within the UK have been estimated to be 323 grams ITEQ
6
per annum. Three sources were indicated as being responsible for around 45% of
total dioxin emissions and 90% of the associated uncertainty. These sources were

29 W orld Bank Group, Environmental, Health, and Safety Guidelines for Foundries,
April 2007, www.ifc.org
30 New Zealand Ministry for the Environment, “Dioxin and Furan Emissions to Air
from Secondary Metallurgical Processes in New Zealand: Volume 1 Report,” April
2004
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small-scale waste combustion (16%), accidental fires (18%) and agricultural waste
combustion (11%), with other industrial combustion responsible for a further 14% of
total dioxin emissions. Industrial sources accounted for approximately 40% of the
total emissions, of which the majority is regulated either by SEPA (Scotland) or by
the Environment Agency/local authorities (England and Wales).
Scaling this information by the population of Scotland compared with the UK
indicates that the total emissions inventory of dioxins and furans to air is likely to
be approximately 27 grams ITEQ dioxins and furans per year.
A more robust approach is to scale the emissions inventory for individual sources
by a source-specific factor, derived from published data. This is set out in Table 3.
Table 3

Source inventory for Scotland derived from national inventory

Source

Estimated
UK
national
emission
(g ITEQ
per year)

Basis for
scaling

Accidental fires

57.8

Population

Accidental fires - vehicles

9.51

Agricultural waste burning

35.14

Agriculture - mobile machinery

0.5

Number of
agricultural
holdings

Factor

Estimated
emission
from
Scotland (g
ITEQ per
year)

8.5%

4.9

8.5%

0.80

16.3%

5.7

16.3%

0.08

16.3%

1.1

Agriculture - stationary combustion

7.02

Aircraft - support vehicles

0.07

Aircraft
movements

10.4%

0.0073

Autogenerators

0.08

Population

8.5%

0.0068

Bonfire night

6.79

8.5%

0.57

Cement - non-decarbonising

3.43

Cement
production

7.2%

0.25

Coke production

0.28

GDP

8.0%

0.022

8.0%

0.076

8.5%

0.93

8.5%

0.34

Copper alloy and semis production
Crematoria

0.96
10.94

Domestic combustion

4.07

Electric arc furnaces

6.01

Population

No furnaces in Scotland

Foundries

1.86

GDP

8.0%

0.15

House and garden machinery

0.35

Population

8.5%

0.030

Incineration - animal carcases

0.25

1.0%

0.0026

Incineration - chemical waste

0.07

Waste
incinerated

1.0%

0.00071

Incineration - clinical waste

0.98

1.0%

0.010

Incineration - sewage sludge

0.07

1.0%

0.00071

Iron and steel - combustion plant

0.13

GDP

8.0%

0.010

Landfill

0.42

Waste landfilled

6.9%

0.029

Lime production - non decarbonising

0.87

GDP

8.0%

0.069

Magnesium alloying

0.14

8.0%

0.011

Nickel production

0.36

8.0%

0.029

46.57

8.0%

3.7

Other industrial combustion
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Source

Estimated
UK
national
emission
(g ITEQ
per year)

Basis for
scaling

Factor

Estimated
emission
from
Scotland (g
ITEQ per
year)

Other industry - asphalt manufacture

1.09

8.0%

0.087

Power stations

6.98

8.0%

0.56

Primary aluminium production - prebaked anode process

5.48

8.0%

0.44

Public sector combustion

4.44

Railways - freight

0.41

Railways - intercity

0.74

Railways - regional

0.14

Refineries - combustion

Length of
railways

8.0%

0.35

15.9%

0.065

15.9%

0.12

15.9%

0.022

12.71

GDP

8.0%

1.0

Road Transport – cars

2.86

Vehicle miles

8.5%

0.24

Road Transport - HGVs/buses

0.28

8.5%

0.024

Road Transport – LGVs

0.26

8.5%

0.022

Road Transport - Mopeds & Motorcycles

0.09

8.5%

0.008

8.0%

0.22

8.0%

0.38

4.8%

0.011

4.8%

0.33

Secondary aluminium production

2.78

Secondary lead production

4.74

Shipping - coastal

0.22

Shipping - international IPCC definition

6.88

GDP
Shipping
movements

Sinter production

26.29

GDP

8.0%

2.1

Small-scale waste burning

51.78

Population

8.5%

4.4

0.25

GDP

8.0%

0.020

9.1%

29.3

Solid smokeless fuel production
Total (all sectors)

323.1

The main sources of emissions accounting for around 60% of the total are likely to
be:
Small-scale waste combustion (4.4 grams ITEQ per year)
Accidental fires (4.9 grams ITEQ per year)
Agricultural waste combustion (3.7 grams ITEQ per year)
Other industrial combustion: (5.7 grams ITEQ per year)

2.5

Phase 1: Summary and conclusions

The annual inventory of emissions to air of dioxins and furans from regulated
processes in Scotland was estimated on the basis of data on process throughput
and emissions estimates discussed previously in this chapter. Emissions of dioxins
and furans from regulated processes were estimated to be in the following ranges:
Solid fuel combustion (power stations): 0.05 – 1.3 grams W HO-TEQ or ITEQ
dioxin and furan/ year (estimate derived from data obtained using both WHOTEQ and ITEQ schemes).
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Other industrial solid fuel combustion: 0.005 – 0.12 grams WHO-TEQ or ITEQ
dioxin and furan/ year (estimate derived from data obtained using both WHOTEQ and ITEQ schemes).
Liquid fuel combustion: 0.02 – 1.8 grams W HO-TEQ or ITEQ dioxin and furan/
year.
Waste incineration: 0.08 – 0.25 grams ITEQ dioxin and furan/year
Landfill of waste: 0.06 – 1.0 grams ITEQ dioxin and furan/year
Cremation: 0.012 – 0.9 grams ITEQ dioxin and furan/year
Cement manufacture: 0.01 – 0.08 grams ITEQ dioxin and furan/year
Oil refining: 1.4 – 2.0 grams ITEQ dioxin and furan/year
Animal carcass incineration: 0.25 grams ITEQ dioxin and furan/year
The total inventory for Scotland due to emissions from all sources is estimated to
be 29 grams ITEQ per year (Table 3). As noted above, the most significant sources
of dioxins and furans include accidental fires, agricultural waste burning, and smallscale waste burning. These are not regulated by SEPA.
As described in Section 2.3.8, the following sectors were identified as being of
highest priority for SEPA as regards emissions of dioxins and furans. These
processes are those regulated by SEPA with the potential for emissions to air of
dioxins and furans:
IPPC Sector 1.1

Combustion

IPPC Sector 1.2

Refining Mineral Oil and Gas, Operating Coke Ovens and
Coal Gasification and Liquefaction Activities

IPPC Sector 3.1

Production of Cement and Lime

IPPC Sector 5.1

Incineration

IPPC Sector 5.2

Landfill and Disposal to Land

IPPC Sector 2.1

Ferrous Metals

Emissions estimates were developed for combustion, refining, cement manufacture,
waste incineration and landfill. It was not possible to generate specific emissions
estimates for the manufacture of ferrous metals and biocides.
In view of the estimated emissions, the following sectors may provide opportunities
to deliver significant reductions in emissions of dioxins and furans:
Liquid fuel combustion
Landfill of waste
Crematoria
Refinery processes
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3.

PHASE 2: POTENTIAL TO REDUCE DIOXIN RELEASES
3.1

Introduction

In Phase 2 of the project, the likely trends in emissions of dioxins and furans from
regulated sources were evaluated. Phase 2 Task (a) was designed to assess the
effects of measures and trends which are forecast to take place with no further
regulatory action or investment.
In Phase 2 Task (b), the effects of potential further emissions reductions scenarios
on emissions of dioxins and furans were evaluated.
These scenarios were
identified as representing options which would be practicable, and which lie within
SEPA’s remit to achieve or influence.

3.2

Methodology

Future trends in emissions of dioxins and furans are likely to be influenced by
regulatory, economic/market and technology changes. These influences are linked
– for example, regulatory changes in the collection and disposal of waste is likely to
result in market-driven changes in the number and type of waste disposal facilities.
This will also be influenced by new technologies in this rapidly evolving area.
Phase 2 Task (a) therefore consisted of a review of these likely influences, with the
aim of estimating where possible how they are likely to affect emissions of dioxins,
furans and PCBs from SEPA-regulated industries. The methods for estimating the
effectiveness of the different options are described under each option. Published
data was used where available. W here estimates needed to be made for which
published data was not available, the assumptions are documented below.
Further measures could potentially be implemented with the aim of reducing
emissions of dioxins and furans from regulated sources.
Phase 2 Task (b)
comprised an assessment of these potential measures. A range of potential
3
measures were identified on the basis of research carried out for Defra and the
31
European Commission , and following discussion with SEPA. The potential effects
of these measures on emissions of dioxins and furans from regulated sources were
then evaluated.

3.3

Phase 2 Task (a): Future “Business as usual” developments

3.3.1

Implementation of the IPPC Directive

The implementation of the IPPC Directive will result in improvements to processes
which are regulated under IPPC. Processes regulated under IPPC are required to
operate using the “Best Available Techniques” (BAT). New processes (i.e. those
for which an operating permit was applied for before October 1999) are required to
operate to BAT. Existing processes operate in accordance with an improvement
programme if required, which is designed to improve operations to the standards of
BAT. These improvements may have a direct or indirect effect on emissions of
dioxins and furans.

31 European Commission, “Identification, assessment and prioritisation of EU
measures to reduce releases of unintentionally produced/released Persistent
Organic Pollutants” Report Ref. O7.010401/2005/419391/MAR/D4, July 2006
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The key processes with regard to emissions to air of dioxins and furans are listed in
Section 2.7. The possible effect of implementation of IPPC in these sectors is set
out below.
IPPC Sector 1.1: Combustion
Emissions to air from the combustion sector could be significantly affected if
measures are introduced to improve control on combustion conditions, or if
additional abatement of dioxins and furans, particulate matter, or trace elements is
introduced.
32

IPPC guidance for the Combustion sector confirms that solid and liquid fuel fired
plants can all give rise to particulate matter, which may contain dioxins and furans.
The options for abatement of particulate matter include:
Electrostatic Precipitators (ESPs) – these can achieve emission levels of 25
3
mg/Nm
3

Fabric Filters – these can achieve emission levels of 10 mg/Nm , but are limited
o
to flue gas temperatures below 250 C. They are needed if activated carbon
injection is used for control of dioxin and furan emissions.
Ceramic Filters– these can achieve emission levels of 10 mg/Nm

3

Wet Scrubbers, or
Cyclones
The guidance indicates that using best available techniques for abatement of
particulate matter can maintain removal efficiencies of 99.5% in the long term. The
achievability of these emissions benchmarks depends strongly on the loading of
particulate matter in the gas flow into the abatement plant.
For coal and oil-fired plant above 100 MWth, electrostatic precipitators are
required. At smaller scale plant, other methods may be acceptable. For solid and
liquid fuel combustion processes which are opted in under the Large Combustion
Plant Directive, the best available technique is flue gas desulphurisation with
electrostatic precipitators. These technique are likely to result in some reduction in
emissions of dioxins and furans.
The guidance states that “dioxins … should be at concentrations of below or close
to the limits of current measurement and analysis techniques.” Indicative BAT for
dioxin control is abatement via combustion control. In view of the absence of
specific recommendations in relation to control of dioxins, no significant changes in
emissions of dioxins and furans from combustion processes are expected to occur,
except for the specific matters discussed below.
IPPC Sector 1.2: Refinery, Coking, Gasification and Liquefaction Activities
Refinery processes are likely to be the key source of dioxins and furans in this
sector. The key issue for refinery processes is likely to be the control of sulphur
dioxide emissions. The potential effects of these controls on emissions of dioxins
and furans will depend on the methods used to secure abatement of sulphur
dioxide.

32 SEPA/Environment Agency/EHS, IPPC Sector Guidance Note: Combustion
Activities, V2.03 27 July 2005
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The key source of particulate matter at oil refinery processes is likely to be the
cracking process. Measures to abate emissions from cracker processes which are
effective in reducing emissions of particulate matter are likely to have benefits for
reduced emissions of dioxins and furans. Specific abatement for particulate matter
from cracker units such as electro-static precipitators is not likely to be costeffective.
However, abatement such as scrubber processes which would be
effective in reducing emissions of both particulate matter and sulphur dioxide may
be cost-effective, subject to the requirements of BAT.
A scrubber process could reduce emissions of particulate matter by approximately
70%. The effect on emissions of dioxins and furans from refinery processes could
be similar, depending on the proportion of dioxins and furans present in the solid
phase. The effect on emissions from an individual refinery process is no more than
speculative. Because this change is not sure to take place, it has been considered
as part of the possible further changes in Section 3.4 below.
IPPC Sector 3.1: Production of Cement and Lime
In SEPA’s view, cement manufacture in Scotland is now carried out in accordance
with the principles of Best Available Techniques, as regards control and abatement
of emissions to air. This includes the use of a scrubber to reduce emissions of
sulphur dioxide, and trials to investigate the potential benefits of using Selective
Non-Catalytic Reduction (SNCR) to reduce emissions of oxides of nitrogen. This
means that there is not likely to be any significant further change in emissions from
cement and lime production, due to the implementation of the IPPC Directive.
IPPC Sector 5.1: Incineration
Waste incineration processes are now already operating to the standards of BAT as
regards emissions to air of dioxins and furans, because these standards are
specified separately in the Waste Incineration Directive. It is therefore anticipated
that there will be no further changes in emissions to air of dioxins and furans as a
result of the implementation of IPPC on incineration processes.
IPPC Sector 5.2: Landfill and Disposal to Land
The implementation of BAT in the landfill sector has resulted in increased
measurement and control on emissions to air from landfill gas combustion plant.
33
Data published by Land Quality Management indicates that the concentration of
dioxins and furans in emissions to air from landfill gas engines ranged from 0.0009
3
to 0.0132 nanograms (ng) TEQ unspecified /Nm , with a median value of 0.0026
3
ngTEQ unspecified /Nm . There is no benchmark cited in SEPA guidance on monitoring
emissions from landfill gas engines, although the guidance does set out methods
34
for measurement of dioxin emissions.
Consequently, requiring and enforcing
compliance with sector guidance would not be expected to result in any significant
change in emissions to air of dioxins and furans from landfill gas engines.
IPPC Sector 2.1: Ferrous Metals
The key source of emissions of dioxins and furans from ferrous metal processes
operated in Scotland is the furnace plant. No specific limits on emissions of dioxins

33 Gillett, AG, Gregory, RG, Blowes, JH and Hartnell G., Land Quality Management
Ltd report No. 158 to EB Nationwide, 2002.
34 SEPA/Environment Agency, “Guidance for monitoring landfill gas engine
emissions,” LFTGN08, 2004
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35

and furans are specified in sector guidance for hot rolling of ferrous metals.
It is
therefore anticipated that there will be no further significant changes in emissions
to air of dioxins and furans as a result of the implementation of IPPC in the ferrous
metal sector.
3.3.2

Implementation of the Large Combustion Plants Directive

The implementation of the Large Combustion Plants Directive (LCPD, 2001/80/EC)
gives operators of large combustion plant three options.
Firstly, operators can accept emissions limit values set out in the LCPD. Secondly,
operators can accept overall limits on emissions from an installation, and enter an
emissions trading scheme. Thirdly, operators can opt out of the LCPD. Emissions
bubble limits will result in more stringent operating limits for the processes covered
by the LCPD, or alternatively reduced operating time, leading ultimately to plant
closure. The processes in Scotland affected by this Directive are listed in Table 4,
along with their proposed approach to complying with the requirements of the
LCPD.
Table 4

Processes covered by the Large Combustion Plants Directive

Process

Approach to compliance

Incorporation into release
inventory

Longannet Power
Station

NERP. Boosted overfire air to
reduce NOx. Flue gas
desulphurisation will be fitted
to three out of the four units.
The fourth unit will continue to
use low sulpur coal.
Scottish Power will investigate
fitting supercritical steam to all
boilers which could result in
modest improvements in boiler
efficiency.

Assumed no change to emissions

Cockenzie Power
Station

Opted out, to close by 2015

Reduced emissions from coal
combustion proportionately
(approximately 750,000 tonnes
per year)

Scottish and
Southern Energy,
Peterhead Power
Station

NERP

Predominant fuel is natural gas,
but does use other liquid fuels
dependent on economics.
Not likely to make a significant
contribution to dioxin emissions

Allied Distillers Ltd,
Strathclyde
Distillery. Glasgow

NERP

Gas fired, no significant
emissions

UPM Kymmene,
Irvine

NERP. Currently burns Coal,
Oil, Bark, Sludge, Gas.
Emission limit values will be
unchanged

Assumed no change to emissions

35 SEPA/Environment Agency/EHS, “Guidance for the Hot Rolling of Ferrous
Metals and Associated Activities,” Sector Guidance Note S2.04, 2004
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Process

Approach to compliance

Incorporation into release
inventory

Ciba Specialty
Chemicals, Paisley

NERP

Predominant fuel is natural gas,
but does use other liquid fuels
dependent on economics. Not
likely to make a significant
contribution to dioxin emissions

Michelin Tyre plc
Dundee

NERP

Predominant fuel is natural gas,
but does use other liquid fuels
dependent on economics. Not
likely to make a significant
contribution to dioxin emissions

Polimeri Europa,
Grangemouth

NERP

Principally gas combustion. No
change assumed.

International Paper
UK Ltd, Inverurie

NERP

Gas fired, no significant
emissions

Tullis Russell and
Co Ltd, Markinch
Paper Works

Opted out, to close by 2015

Reduced emissions from coal
combustion proportionately
(approx. 50,000 tonnes per year,
equivalent to a reduction of
approximately 0.02 grams ITEQ
dioxins and furans per year)

Fortum O &M (UK)
Ltd (Sullom Voe),
Sullom Voe
Terminal, Shetland

Emissions limit values

Gas fired, no significant
emissions

DSM Nutritional
Products (UK) Ltd,
Ayrshire

Emission limit values

Gas fired, no significant
emissions

ExxonMobil
Chemical,
Mossmorran, Fife,

Emission limit values on
furnace process

No reduction in emissions in line
with NERP forecast for particulate
matter

Glaxo Smith Kline,
Irvine

Emission limit values

BP Exploration
Operating Company
Limited, Kinneil
Terminal

Emission limit values

Ineos Refining,
Grangemouth

NERP. Refinery, Chemicals &
Power Station

3.3.3

Implementation of the Aarhus Protocol

The 1998 Aarhus Protocol on Persistent Organic Pollutants was agreed as part of
the Convention on Long-Range Transboundary Air Pollution. This protocol refers to
the use of Best Available Techniques and to limit values and techniques which
already largely form part of the IPPC regulatory regime. This protocol is therefore
not expected to impose any additional requirements to those specified under IPPC.
3.3.4

Implementation of carbon emissions trading

Implementation of the emissions trading protocol is expected to result in reduced
emissions of carbon dioxide from regulated industry in Scotland. This may be
achieved by a combination of measures – for example, improved energy efficiency;
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use of biofuels; and improved combustion efficiency. Other factors being equal, a
reduced need for energy generation will result in lower emissions of dioxins and
furans. Improvements in combustion efficiency may result in changes to emissions
of dioxins and furans – most likely a reduction in emissions, although this will not
necessarily be the case. Changes in fuel type will lead to changes in dioxin
emissions. The effect of increasing use of biomass is addressed in Section 3.3.8.
The Scottish Executive has committed to reducing carbon emissions by 20% from
36
1990 levels by 2010. This corresponds to a reduction of 1.7 million tonnes carbon
per year. The Scottish Executive has gone beyond this “Scottish Share” to set a
“Scottish Target” of a reduction of a further million tonnes of carbon per year, giving
an overall reduction of 2.7 million tonnes carbon per year.
The Climate Change Levy, including exemption for CHP and renewables, is forecast
to result in a reduction in carbon emissions from Scotland of approximately 0.3
million tonnes carbon per year. The UK Emissions Trading Scheme is forecast to
result in a reduction in carbon emissions from Scotland of approximately 0.46
million tonnes carbon per year.
In 2003, total emissions from Scotland of the six gases primarily associated with
global warming (carbon dioxide, methane, nitrous oxide, hydrofluorocarbons,
perfluorocarbons and sulphur hexafluoride) were estimated to be 15.5 million
tonnes carbon equivalent per year. This figure includes 6.53 million tonnes from
power supply and 0.14 million tonnes from “industrial processes,” with a further
2.04 million tonnes from “business.”
The overall reduction in emissions of greenhouse gases from Scotland resulting
from the Emissions Trading Scheme and Climate Change Levy was estimated to be
0.76 million tonnes carbon per year. This is a reduction of approximately 12% in
the estimated emissions of 6.53 million tonnes carbon per year from the electricity
generating sector. This may be achieved through a mix of energy efficiency
resulting in reduced generation, or more efficient generation, and the use of
alternative energy sources. Alternatives such as wind, hydroelectric or solar power
would not result in corresponding emissions of dioxins and furans, whereas
alternatives such as biomass would result in some emissions of dioxins and furans
which need to be taken into account when considering the overall effect of
economic measures relating to carbon trading on emissions of dioxins and furans.
Increased use of biomass is one of five options referred to by the Scottish
Executive for achieving its targets, the others being wind, wave, tidal, and
hydroelectric power.
Biomass and marine energy are highlighted as having
particular potential for the future. The Forum for Renewable Energy in Scotland
37
estimated that biomass in Scotland could supply at least 450 MW of electricity,
which would result in a saving of 0.5 million tonnes carbon per year or more. This
corresponds to approximately 25% of the “Scottish Share”, or 15% of the “Scottish
Target.” To provide a robust assessment of the potential effects of the increased
use of biomass, it was assumed that 33% of the likely reductions in emissions from
the generating sector would arise from the use of biomass. The remaining 67%
was assumed to come from measures with no associated emissions of dioxins and
furans, such as improved efficiency, wind power, solar power or hydroelectric
power.

36 Scottish Executive, “Changing our Ways”, 2006
37 Forum for Renewable Energy in Scotland, “Promoting and Accelerating the
Market Penetration of Biomass Technology in Scotland”, 2005
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It was found that the increased biomass combustion could give rise to an increase
in emissions of dioxins and furans of approximately 0.025 grams TEQ unspecified per
year. This is likely to be more than outweighed by the reduction in emissions of
dioxins and furans due to reductions in coal and oil combustion.
3.3.5

Implementation of the Landfill Directive
38

The implementation of the Landfill Directive may affect emissions of dioxins and
furans from landfill sites in Scotland. Reduced amounts and changes in pretreatment of the landfill of biodegradable waste will tend to reduce the amount of
landfill gas generated, but may also affect the composition of landfill gas. Diversion
of wastes to other recovery/reprocessing/disposal facilities may also result in
emissions of dioxins and furans from these facilities which should be acknowledged
and (if possible) quantified.
39

Research carried out by Land Quality Management (LQM)
indicates that the key
issue for methane emissions from landfill is the extent of landfill gas collection and
combustion. This study indicates that changes in the make-up and forecast
amounts of waste disposed to landfill have a relatively minor effect on landfill gas
emissions. This reflects the long-term influence on landfill emissions of the waste
which has already been landfilled. It is possible that changes in the nature of waste
disposed of to landfill will affect emissions of dioxins and furans more significantly.
However, at present, it is not possible to assess how changes in waste
management practice may affect emissions of dioxins and furans.
Emissions have therefore been estimated on the assumption that dioxin and furan
emissions from fugitive gas and gas combustion are linearly related to the volume
of gas forecast to be generated and combusted.
The LQM forecasts indicate that the rate of methane generation in landfills is likely
to be relatively constant for the foreseeable future. The estimated methane
generation rate from landfill in Scotland in 2007 was 3400 kilotonnes per year
(kT/year). The methane generation rate for 2020 was estimated to be 3500
kT/year. The amount of methane recovered for combustion was forecast to be the
same in 2020 as in 2007, corresponding to 72% of the methane generated.
On the basis of these forecasts, for the “business as usual” scenario, it was
estimated that emissions of dioxins and furans from landfill sites will not change.
3.3.6

Air quality framework/daughter Directives

The air quality framework and daughter Directives do not refer explicitly to dioxins
and furans. However, measures to achieve air quality limit values and objectives
may potentially affect emissions of dioxins and furans. In practice, the local air
quality management process has focused primarily on road traffic emissions of
airborne pollutants, which do not fall under the remit of SEPA.
One air quality management area has been designated on the basis of industrial
emissions. This has been declared by Falkirk Council, and relates to levels of
sulphur dioxide. There is a risk that the 15 minute mean air quality objective for
sulphur dioxide may be exceeded in this area. Measures to be implemented in

38 Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste
39 Land Quality Management, Methane Emissions from Landfill Sites in the UK,
report prepared for Defra, January 2003
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respect of this air quality management area may lead to reductions in emissions to
air of sulphur dioxide. This could in turn affect emissions of dioxins and furans.
However, because the air quality objective is a UK objective rather than a European
Quality Standard, operators of regulated processes cannot be made to go beyond
the IPPC requirements of using “Best Available Techniques” in order to achieve this
objective. In view of this, it is concluded that this air quality management area is
not likely to affect emissions to air of dioxins and furans from regulated processes,
over and above the effects resulting from measures under IPPC which are set out
elsewhere.
3.3.7

Fuel prices

The recent high price of gas fuel means that many process operators are changing
fuels from gas to oil, at least for limited periods. This will affect emissions of
dioxins, furans and PCBs and can be taken into account using the release
inventory, provided realistic estimates of fuel switching can be made. Long term
trends in fuel usage will also need to be taken into account, for example using
strategic forecasting of fuel demands.
40

The DTI has set out a number of future price scenarios.
These indicate the
following trends in fuel prices, based on the central set of assumptions:
Natural gas price in 2020: 70% - 90% of 2005 prices
Crude oil price in 2020:

80% of 2005 prices

Coal price in 2020:

75% of 2005 prices

The DTI report indicates that “coal-fired generation continues to meet around one
third of electricity demand on average and during the winter of 2005/6, in response
to high gas prices, it met about half of demand.” This indicates that a sustained
significant price differential between gas and coal could result in a sustained shift
from gas to coal for electricity generation, of a similar order. If this were to occur, it
would result in an increase in emissions of dioxins and furans of approximately
0.2 grams ITEQ per year. This was not included in the present evaluation as it is
not a committed development.
3.3.8

Committed biomass development

Biomass is likely to be increasingly used as a fuel source in the future. There are a
number of proposed schemes in Scotland, but at this stage only one process is
nearing completion of permitting process. The power plant is programmed to
commence operating in 2008, and will use about 220,000 tonnes of fuel per year to
generate around 44 megawatts of electricity.
USEPA data indicates that burning of clean biomass results in 0.6 – 13 micrograms
TEQ unspecified dioxins and furans per terajoule. This indicates that generation of 44
megawatts of electricity in this way would result in 0.001 – 0.018 grams
TEQ unspecified dioxins and furans per year. Based on the factors in Section 2.3.1,
avoidance of the use of coal to generate the equivalent electricity would result in a
reduction of approximately 0.002 – 0.043 grams TEQ unspecified dioxins and furans per
year.
The potential effects of a more widespread use of biomass than this committed
development are discussed in Section 3.4 below.
40 Department for Trade and Industry, “The Energy Challenge,” July 2006
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3.3.9

Planned abatement on crematoria

SEPA is enforcing a programme to implement increased abatement of emissions to
air of mercury from crematoria. In general, this involves injection of activated
carbon into the flue gases and the fitting of bag filters downstream of the injection
point. Mercury present in the flue gases is absorbed onto the activated carbon, and
the carbon is then captured in the bag filters as a fine residue. This residue can
then be disposed of to landfill. These measures are also effective in reducing
emissions to air of dioxins and furans. Information from other industries indicates
that activated carbon injection is likely to result in a reduction of approximately 60%
in emissions of dioxins and furans. Higher efficiencies can be achieved, but this
would depend on facilities being specifically managed to minimise emissions of
dioxins and furans.
In practice, this is not likely to be a key operational
requirement.
41

Emissions of dioxins and furans have been measured at two Scottish crematoria.
The measured level of dioxins and furans in emissions from the crematorium
3
without mercury abatement fitted was 0.04 nanograms ITEQ/Nm . The measured
level of dioxins and furans in emissions from the crematorium with mercury
3
abatement fitted was 0.0031 nanograms ITEQ/Nm . Taken at face value, these two
tests indicate that the dioxin level in emissions from the crematorium with
abatement fitted was about 8% of the level in emissions from the unabated
crematorium.
At the same time, changes to the required temperature regime in crematoria with
42
abatement plant fitted have been promulgated by the Scottish Executive.
The
minimum temperature for flue gases in the secondary combustion zone may be
o
o
reduced from 850 C to 800 C. Research carried out by the Danish Cremator
Federation indicates that the secondary combustion zone is not significant for the
43
formation of dioxins and furans. Consequently reducing the minimum temperature
requirements in this zone is not likely to have a significant effect on emissions of
dioxins and furans, provided the requirements of residence time and oxygen levels
set out in the Process Guidance Note are adhered to. It is concluded that this
change is unlikely to have a significant effect on emissions of dioxins and furans.
Abatement is proposed to be fitted so that half of UK cremations will pass through
an abatement system. Where abatement is applied, it has been assumed that the
reduction efficiency for dioxins and furans is approximately 60%. This is forecast to
result in a reduction in emissions of dioxins and furans from Scotland of
approximately 0.3 grams TEQ unspecified per year.

41 EUS Ltd, Crematorium Emission Test Results, Report Ref. E/7-1363, 1997;
Davies
&
Co.
(Engineering)
Ltd,
Untitled
Report
Excerpt
Ref.
SPA/DEM0238/19.10.06, 2006

42 Guidance from the Scottish Executive, Control of Mercury Emissions from
Crematoria – Amendment of PG5/2(04), “Cremation temperature,”
43 Danish
Cremator
Federation
(Danske
Krematoriers
Landsforening),
Recommendations concerning the revision of Secondary Combustion Chamber
Operating Conditions in the Industry Sector for Crematoria in Denmark, Ingeniør M.
IDA Ernst Jensen, 2005
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3.3.10 “Business as Usual” emissions of dioxins and furans
The information set out in Chapters 2 and 3 above has been drawn together to
develop an estimated inventory of emissions to air from regulated sources in
Scotland. A “Monte Carlo” approach was used, in which emissions from each
relevant sector was estimated by selecting a value within the likely range indicated
by the available data. These estimates were combined to give an overall estimated
emission. This process was repeated 20,000 times, and the distribution of the
estimated emissions from each source was identified.
The effect of the changes listed in Section 3.3 was then taken into account, again
by allowing the effect of each change to vary within the likely range of parameters.
Emissions from each relevant regulated sector together with the national total were
again estimated repeatedly. The distribution of these estimated emissions was
again identified.
The estimated emissions from each relevant sector for the current situation and the
likely situation in approximately 2015 are set out in Table 5.
Table 5

Emissions inventory for regulated processes in Scotland: current situation and
“Business as usual”

Sector

Current emissions
(g TEQ unspecified / year)

Forecast "business as usual"
emissions (g TEQ unspecified / year)

25th %ile

Median

75th %ile

25th %ile

Median

75th %ile

Oil combustion

0.36

0.67

1.25

0.19

0.35

0.66

Coal Combustion

0.26

0.43

0.72

0.10

0.17

0.30

Wood combustion

0.67

0.78

0.91

0.70

0.82

0.95

MSW incineration

0.05

0.07

0.12

0.05

0.07

0.12

Hazardous waste
incineration

0.02

0.03

0.04

0.02

0.03

0.04

Landfill fugitive

0.10

0.12

0.14

0.10

0.12

0.14

Landfill engines

0.31

0.60

1.12

0.31

0.60

1.12

Landfill flares

0.11

0.21

0.41

0.11

0.21

0.41

Oil refining

0.81

0.89

0.96

0.81

0.89

0.96

Crematoria

0.16

0.31

0.60

0.06

0.13

0.26

Cement

0.01

0.01

0.01

0.01

0.01

0.01

All regulated
processes

4.08

4.87

6.01

3.35

3.91

4.74

Note: Based on a mixture of data using WHO-TEQ and ITEQ schemes
Note: The values for “all regulated processes” are derived from the ensemble of estimates for
emissions from all regulated processes. This means that the values for “all regulated processes”
in Table 5 are not directly related to the individual sector values given in Table 5.

3.4

Phase 2 Task (b): Options for further reductions in emissions

This section sets out the opportunities available for minimising emissions of dioxins
and furans from regulated sources.
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3.4.1

IPPC Guidance

The key reference points for this evaluation comprise IPPC guidance notes
produced by SEPA/Environment Agency/EHS. Defra guidance notes for Part B
processes provide limited information for Part B sources. BAT Reference notes
were evaluated to identify further information on achievable levels of dioxins, furans
and PCBs, and the measures required to achieve these emission levels. The
techniques relevant to emissions of dioxins and furans which are likely to constitute
BAT (“Best Available Techniques”) for the industrial sectors were identified.
This task focused on the key sectors identified in Chapter 2 which result in
emissions of dioxins, furans and PCBs. The evaluation set out in Section 3.3.1 was
extended to identify possible future developments.
IPPC Sector 1.1
Combustion
Implementation of bag filter technology could result in lower emissions to air of
particulate matter, below that achievable with other techniques. A requirement for
the use of bag filters is unlikely to be justifiable in terms of BAT for control of
particulate matter alone. However, there may be a case for requiring bag filter
technology where practicable for control of dioxins, particularly if the costs could be
offset.
Use of bag filters in place of alternative technology could result in a reduction in
emissions of particulate matter from industrial coal and oil combustion of
3
3
approximately 60%, based on a reduction from 25 mg/Nm to 10 mg/Nm . Based
on the factors in Section 2.3.1, implementation of bag filters at 20% of the industrial
coal and oil combustion processes in Scotland would result in a reduction in
emissions of dioxins and furans of approximately 0.08 – 0.24 grams TEQ unspecified
dioxin and furan per year
IPPC Sector 1.2
Activities

Refinery,

Coking,

Gasification

and

Liquefaction

As discussed in section 3.3.1 above, the implementation of a scrubber on refinery
cracker emissions could reduce overall refinery emissions of particulate matter by
approximately 70%. The effect on emissions of dioxins and furans from refinery
processes could be similar, although the effect on emissions from an individual
refinery process is no more than speculative. Dioxin and furan emissions may
3,14
result from combustion and catalyst regeneration activities.
This option has
been assigned a potential effectiveness of 20% to 80% in the reduction in
emissions of dioxins and furans from refinery processes that could be achieved.
Based on the factors in Section 2.2.2, this option would result in a reduction of
approximately 0.3 – 0.6 grams TEQ unspecified dioxin and furan per year.
IPPC Sector 3.1
Production
No further changes are considered
in the use of alternative fuels may
terms of the operating permit to the

of Cement and Lime
likely to arise from the IPPC regime. Increases
take place, but this would be limited under the
current emissions limits.

IPPC Sector 5.1
Incineration
No further changes are considered likely to arise from the IPPC regime.
IPPC Sector 5.2
Landfill and Disposal to Land
No further changes are considered likely to arise from the IPPC regime.
IPPC Sector 2.1
Ferrous Metals
No further changes are considered likely to arise from the IPPC regime.
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3.4.2

Switch from solid/liquid fuel to gas

This may be difficult to implement in regulated industries due to the rising prices of
gas. A process operator would need to relate any changes in fuel supply to BAT,
having regard to their overall emissions and environmental impact, and the
associated costs. Requiring changes in this area would lie outside SEPA’s powers.
As discussed in Section 3.3.7, recent trends have been from gas to oil, as a result
of high short-term gas prices. Moving from oil to gas is likely to incur an additional
cost for operators, and would only be open economically to operators who already
have a natural gas supply.
The DTI indicates that coal-fired generation meets around one third of electricity
demand on average. Based on the factors in Section 2.3.1, if this level were
reduced to one sixth of demand, it would result in a decrease in emissions of
dioxins and furans of approximately 0.05 – 0.15 grams TEQ unspecified per year.
However, measures to enforce a change of this nature lie outwith SEPA’s powers.
3.4.3

European Union evaluation

The recent European Union publication on possible measures to reduce releases of
uPOPs contains a range of candidate measures to reduce emissions from a variety
9
of sources.
The candidate measures which could potentially be effective, and
which are applicable to industrial processes were identified.
(a) Financial incentives for non-IPPC installations which apply BAT to reduce
emissions of dioxins and furans.
This is likely to apply primarily to
combustion processes. Process operators could be encouraged to switch
from fuels which generate emissions of dioxins and furans (e.g. coal and oil)
to those which do not (e.g. gas or solar/hydro/wind). Operators could also
be encouraged to fit abatement to plant which may generate significant
emissions of dioxins and furans.
These measures would not reduce
emissions of dioxins and furans from regulated sources, but could contribute
to an overall reduction in emissions from non-regulated sources in Scotland.
SEPA itself would not be able to offer financial incentives to non-IPPC
installations, but could potentially play a role in making operators aware of
any third party initiatives.
(b) Specifying limit values on emissions of dioxins and furans for contaminated
wood when burnt for energy recovery. Contaminated wood is defined as
“wood waste which may contain halogenated organic compounds or heavy
metals as a result of treatment with wood preservatives or coating, and
which includes in particular such wood waste originating from construction
and demolition waste” (Waste Incineration Directive, 2000/76/EC). This
measure has already been implemented in Scotland.
(c) Provision of advice to the vehicle and white goods shredding/cable stripping
industry. This would focus on assisting the shredder industry by identifying
what materials may contain dioxins or dioxin precursors and advising on
controls/special measures for these materials.
(d) Communications on substitute products and process technology to reduce
dioxins. This would be likely to have a long-term benefit on emissions of
dioxins and furans, and one which could not be quantified within the terms
of this research.
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(e) Specification of emission limit values for dioxins and furans from the iron
and steel, non-ferrous metals, power production and refinery sectors. This
would go beyond the current BAT requirements set out in the statutory
guidance and BREF notes. Any such measure would need to take into
account the cost and availability of measures to reduce emissions of dioxins
and furans from these sectors. It would need to take account of the
environmental benefit that would result from reduced emissions of dioxins
and furans, as well as any other environmental benefits or impacts.
The measures needed to meet limits on emissions from the power
production and refinery sectors are addressed in sections 3.4.1 and 3.4.3
above. There are no metal smelting processes in Scotland. The costs and
benefits of control of emissions from furnaces at hot rolling processes are
covered in the discussion in relation to combustion processes in general.
(f) Inclusion of dioxins and furans and other potentially harmful substances in
an emissions trading regime. An emissions trading programme could be a
useful means of securing reductions in emissions of substances which have
a global or regional scale impact. An emissions trading programme is not
likely to be an appropriate means of reducing emissions of substances such
as dioxins and furans, which have the potential for adverse toxicological
effects in the vicinity of a source.
Emissions trading schemes can be a useful method of using market forces
to deliver reductions in emissions of environmental emissions in a costeffective way.
An emissions trading scheme is a means of securing
emissions reductions using techniques such as those discussed elsewhere
in this chapter, and does not itself constitute a control measure. However,
while an emissions trading scheme could provide a cost-effective way of
delivering reductions in atmospheric emissions in some circumstances, as
noted above, it is not likely to be an appropriate means of managing
emissions of dioxins and furans. Furthermore, introducing such a scheme
would lie outside the remit of SEPA.
(g) Increasing the use of biomass as fuel source – this is discussed in Section
3.4.4 below.
(h) Diverting waste oil to specialist incineration facilities. This measure has
already been implemented in Scotland, as discussed in Section 3.4.6 below.
3.4.4

Increasing use of biomass as fuel source

In general, the increased use of biomass for heat and power generation in power
stations and other industrial processes is likely to offset the use of other fuel
sources. W here this offsets the use of coal or oil, there will be a balance between
emissions of dioxins and furans saved due to the reduced use of solid and liquid
fuels, against the increased emissions associated with biomass combustion.
However, if biomass offsets the combustion of gas, hydroelectric power or wind
power, there would be no corresponding significant reduction in emissions of
dioxins and furans.
The Scottish Executive has proposed that 40% of Scottish energy should come from
36
renewable sources by 2020.
This is likely to require approximately 6 Gigawatts of
installed capacity using renewable sources of energy. A number of measures may
contribute to this – for example, increased use of wind, wave, tidal or hydroelectric
energy, as well as replacement of fossil fuels with biomass. The potential effects of
this policy on emissions of dioxins and furans were investigated by considering the
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change in emissions that would result if 20% of Scottish energy use were replaced
with biomass.
The estimated current industrial energy mix is:
Solid fuels: 1100 GW h per year
Oil

5100 GW h per year

Gas

17700 GWh per year

Total

23900 GWh per year

Based on the factors in Section 2.3.1, reducing these fuel usages by 20% would
result in a reduction in emissions to air of dioxins and furans of approximately 0.12
– 0.19 grams TEQ unspecified per year. Based on the factors in Section 3.3.8,
increasing biomass combustion by 20% of this value (4800 GW h per year) would
result in an increase of approximately 0.06 – 0.20 grams TEQ unspecified per year.
This will depend on the type of biomass used – different materials may have a
different potential for emissions of dioxins and furans. The similarity of the figures
for biomass and fossil fuels indicates that a change from fossil fuels to biomass is
likely to be broadly neutral in terms of its effect on emissions to air of dioxins and
furans. The key uncertainty is in the wide range of factors for estimating emissions
to air of dioxins and furans from biomass combustion.
3.4.5

Diverting treated wood from combustion

The combustion of wood containing chemical additives such as trace metals or
halogenated substances could give rise to increased emissions of dioxins and
furans, compared to the combustion of uncontaminated wood. The Defra cost curve
study estimated that combustion of contaminated wood results in a significant
2
proportion of UK emissions, approximately 14.3 grams ITEQ per year for the UK.
This would be equivalent to approximately 1 gram ITEQ per year for Scotland.
However, wood that has been treated as defined above can only be combusted in
an installation compliant with the Waste Incineration Directive (2000/76/EC).
Consequently, treated waste wood is not burnt in processes such as boilers or
particle board sites in Scotland, and there is no contribution from combustion of
contaminated wood to the emissions inventory set out in Table 5. Combustion
processes should use sustainably sourced clean wood as a fuel, or another
alternative fuel. SEPA generally advises that treated wood should be reused where
possible. Treated wood can be recycled as long as it is properly managed to
ensure that it is not ultimately used as a fuel. Landfill could potentially be used as
a last resort.
3.4.6

Diverting waste oil to specialist incineration facilities

Approximately 400,000 cubic metres of waste oil was burnt in industrial processes
44
in the UK in 1997. However, since March 2005, waste oil burning in Scotland has
been permitted only with a PPC Part A permit. No waste oil burning facility took up
this option, and consequently all small waste oil burning facilities in Scotland have
now closed.
Waste oil is now burnt in specialist incineration facilities, in
accordance with the requirements of the W aste Incineration Directive (2000/76/EC).

44 http://www.nnfcc.co.uk/nnfcclibrary/productreport/download.cfm?id=69
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3.4.7

Carbon dioxide capture and storage

Carbon dioxide capture and storage could be implemented at major power stations.
The primary aim of carbon dioxide capture and storage would be to reduce
emissions of greenhouse gases. However, if implemented, carbon dioxide capture
could also result in a reduction in emissions to air of dioxins and furans.
The reported emissions to air from the Longannet power station in 2005 were 0.12
grams ITEQ. The reported emissions to air from the Cockenzie power station in
2005 were 0.40 grams WHO-TEQ (0.34 grams ITEQ) (data from SPRI). Depending
on the details of any carbon capture scheme, these emissions could be partly or
wholly prevented from being released to the wider environment if carbon dioxide
storage were implemented. However, because the Cockenzie power station is due
to close in the relatively near future, it would not be cost-effective to implement
carbon dioxide storage at this site.
3.4.8

Other potential reduction opportunities

As well as specific measures and technologies contained in the IPPC and BREF
guidance notes, other measures could be effective in reducing emissions of dioxins
and furans. It is recommended that SEPA should consider the feasibility of these
issues in the future, and identify whether SEPA should take any additional steps
with the aim of delivering further reductions in emissions of dioxins and furans from
regulated processes. For example:
A limit on the chlorine content of solid fuels used in regulated processes may be
an effective means of reducing emissions of dioxins and furans from solid fuel
45
combustion processes. The chlorine content of coal varies from 0.01% to 1%.
The production of dioxins and furans from combustion processes is not
generally limited by the availability of chlorine, because there is normally an
excess of chlorine present. However, the presence of increased quantities of
chlorine could increase the rate of formation of dioxins and furans under nonequilibrium conditions. No data to substantiate the effect of chlorine content of
coal or oil on emissions of dioxins and furans was identified. Emissions are
likely to be more strongly influenced by control on combustion conditions and
cooling, and the abatement techniques used.
Provision of guidance for regulated process operators in relation to additional
controls on combustion process operating conditions could be effective in
ensuring that dioxins in feedstocks are fully destroyed, and also minimising the
potential for de-novo formation of dioxins in flue gases. If necessary, it may be
possible to reinforce these measures by the use of operating permit conditions.
Provision of guidance and restrictions for regulated process operators aimed at
identifying, reducing or eliminating substances which may act as catalysts for
the unintentional formation of dioxins, furans and dioxin-like PCBs in
combustion processes may be effective. Metals such as copper in combustion
feedstocks are likely to act as catalysts for the formation of dioxins and furans.
At the same time, the presence of sulphur in feedstocks may inhibit the

45 Department for Environment, Food and Rural Affairs, “Emissions of dioxins and
dioxin-like polychlorinated biphenyls from domestic sources,” Enviros Consulting
Ltd report ref. DE0110099A, 2006
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46

formation of dioxins. Environment Australia found that a S:Cl ratio in an
incinerator feedstock of 0.64 resulted in a substantial reduction in emissions of
dioxins and furans compared to a low sulphur feedstock. Further increases in
the S:Cl ratio made little difference to emissions of dioxins and furans. This
indicates that there is a risk that using lower sulphur fuels in industrial
combustion processes could result in an increase in emissions of dioxins and
furans. It is recommended that SEPA should consider the risks of an increase
in emissions of dioxins and furans alongside the benefits of any further
reductions in the sulphur content of fuels.
As noted above, it is forecast that 72% of landfill gas will be recovered for
combustion. It is conceivable that this proportion could be increased with
commensurate benefits in reducing environmental effects of release of
untreated landfill gas. For example, this may result in reduced emissions of
gases linked to climate change, and/or reductions in odours. However, based
on the factors in Section 2.3.3, it was found that the effect of increasing the
proportion of landfill gas collected from 72% to 80% was estimated to result in a
slight increase in emissions of dioxins and furans of approximately 0.04 grams
TEQ unspecified per year.

3.5

Phase 2: Summary and conclusions

Current emissions from regulated
approximately 5 grams TEQ unspecified
expected to result in a reduction to
These reductions are expected to
processes, and from crematoria.

industry in Scotland are estimated to be
per year. “Business as usual” measures are
approximately 4 grams TEQ unspecified per year.
result mainly from coal and oil combustion

A range of candidate options for further reductions in emissions was identified. The
potential benefits of each candidate further improvement option are summarised in
Table 6 below.

46 Environment Australia, Characterisation and Estimation of Dioxin and Furan
Emissions from Waste Incineration Facilities, Unilabs Environmental, undated
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Table 6

Potential options for further reductions in emissions of dioxins and furans

Measure

Forecast reduction in emissions of dioxins
and furans
(g TEQ unspecified / year)

Scrubber on refinery cracker emissions
Use of bag filters at combustion processes
Increasing use of biomass
Switch from solid/liquid fuel to gas

Lower range

Upper range

0.3

0.6

0.08

0.24

(0.08 increase)

0.13

0.05

0.15

Advice to shredding/cable stripping
industry

Not quantifiable

Communication on substitute products and
technology

Not quantifiable

Limit on metals/chlorine content of solid
fuel

Not quantifiable

Guidance on operating conditions and
feedstocks

Not quantifiable

Guidance on catalysts/inhibitors

Not quantifiable

Emission limit values on other sectors

Covered in other measures

Financial incentives for non-IPPC
installations to apply BAT
Emissions trading scheme

Not applicable to regulated sources
Not likely to be appropriate for control of
dioxins and furans; covered in other measures

Increase in landfill gas combustion

(0.04 increase)

Note: Estimates based on data using both ITEQ and WHO-TEQ schemes

The measure which is identified as having the most significant potential for
reductions in emissions of dioxins and furans is the implementation of controls on
emissions of dioxins and furans from refinery processes. Other measures which
could have a significant benefit include the use of bag filters at combustion
processes, an increasing use of biomass in combustion processes, and switching
from solid/liquid fuel to gas. There are a number of other measures which may
result in a reduction in emissions of dioxins and furans, but which could not be
quantified.
It is recommended that SEPA should consider the benefits, costs and practicality of
these candidate measures. Cost and practicality issues are considered in Chapter
4 of this report.
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4.

PHASE 3: INDICATIVE COSTS OF FURTHER REDUCTIONS IN
RELEASES
4.1

Methodology

The outcome of Phase 2 includes a set of measures which are most likely to be
effective in delivering a reduction in emissions of dioxins, furans and PCBs from
regulated industry in Scotland. An economic assessment was carried out on the
measures which go beyond the business as usual scenario.
The costs to industry of these measures were assessed, taking into account the
economic costs and business risks or operational risks where these can be
assessed. Data on economic costs was taken from evaluations produced by
national governments and national environmental regulators.
The European
Commission holds a range of data on controlling pollution from different industry
sectors.
Economic information for this evaluation was taken from sources
including:
The European Commission and European Environment Agency websites
BAT Reference Notes
Operator data provided as part of IPPC permit applications or in fulfilment of
improvement programme measures.
Discussion with industry representatives to obtain cost data, in cases where
published data was not available
The potential benefits of the set of measures were identified, together with the
corresponding economic costs. As well as reductions in emissions of dioxins and
furans, benefits may include concomitant reductions in emissions of other
pollutants, or improved efficiency of combustion plant. Reductions in emissions of
dioxins and furans will have benefits in reducing population exposure to dioxins and
furans. This reduced exposure will provide a benefit to individuals and society as a
whole in terms of reduced ill-health, reduced costs of providing health care, and
increased productivity.
Drawing on the outcome of Phases 1 and 2 and the economic evaluation, the
candidate measures for reducing emissions of dioxins, furans and dioxin-like PCBs
from regulated industry in Scotland were prioritised in terms of their costeffectiveness. This can be used to identify the most effective control measures, in
the context of sources of dioxins, furans and dioxin-like PCBs in Scotland, and
SEPA’s obligations under the Stockholm Protocol.

4.2

Emissions Reduction Scenarios E1 to E9

The scenarios identified at Phase 2 for economic evaluation were as follows:
Scenario E1

Switch from solid/liquid fuel to gas

Scenario E2

Carbon injection at remaining coal-fired power plant

Scenario E3

Shredder industry: provision of info on what wastes contain POPs
(persistent organic pollutants) and how emissions can be reduced
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Scenario E4

Communication on substitute products and process technology to
reduce dioxins

Scenario E5

BREF note implementation / Emission Limit Values for POP release
from Refinery

Scenario E6

Inclusion of POPs in emissions trading

Scenario E7

Limit on the trace element content of solid fuels

Scenario E8

Increasing use of biomass

Scenario E9

Carbon dioxide capture/storage at remaining coal-fired power
stations

Scenarios E1 to E9 are discussed in the following sections.

4.3

Scenario E1: Switch from solid/liquid fuel to gas for heat and
power

4.3.1

Scenario description

This scenario is based on switching from a solid/liquid fuel-based economy to a
more gas-based economy for the production of heat and power. This results in
reduced emissions of dioxins and furans because of the lower potential for
formation of dioxins and furans from gas combustion.
4.3.2

Sectors affected
47

The Scottish Energy Study indicated that this measure could most readily cover
combustion processes operated by public services and commercial premises. Most
of the coal fired boilers in the public sector are in schools. Because processes in
the public sector are normally below 20 MW net rated thermal input, they are not
regulated by SEPA.
The sectors affected have been switching from solid/liquid fuels towards gas for
some time now because of the commercial benefits of this switch. These arise from
the relatively low cost of gas and easier fuel handling and storage.
4.3.3

Cost of scenario

The Scottish Energy Study gives approximate costs for installing dual-fuel boilers
as shown in the table below:
Table 7

Scenario E1: Costs for switching from solid/liquid fuel to gas for heat and power

Fuel

Annual
Consumption

Conversion
Factor

Production

Approximate
number of
installations

Conversion
cost

Coal

355 kt

2.2 GJ/t

2880 GWh

1440

£7.2M

Petroleum

2,146 kt

11,630 kWh/t

26,400 GWh

13200

£66M

47 Scottish Energy Study, AEA Technology, Scottish Executive 2006.
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The costs in the above table do not include the cost of installing a gas pipeline.
Where this is necessary, this adds a cost of roughly £20-50k per installation. As
not all plants need this, the Scottish Energy Study estimates average per plant
costs of £20k.
The total cost of this measure including installing gas pipelines comes to £366M.
These costs would result in essentially the complete elimination of dioxin emissions
from this industry as gas fuelled burners produce negligible amounts of dioxin
emissions.
This is estimated to deliver a reduction in emissions of dioxins and furans of 0.2 –
0.7 grams TEQ unspecified per year, based on the data for coal and oil combustion
emissions in Table 5. This corresponds to unit cost estimates of £0.5 billion - £1.8
billion per gram TEQ unspecified abated. Because of the small scale of many of the
processes involved, implementing this measure would lie partly outside SEPA’s
powers.

4.4

Scenario E2: Carbon injection at coal fired power plant

4.4.1

Scenario description

Emissions of dioxins and furans from coal-fired combustion plant can be reduced by
the injection of activated carbon with a high sorption capacity into the flue gas.
This absorbs the dioxins onto the activated carbon. The carbon with the dioxins are
then trapped in bag filters and disposed of safely. This potential control measure
would be applicable to smaller commercial/industrial coal combustion processes,
but would not be viable at larger scale power stations.
This option would have other benefits in terms of reduced emissions of particulate
matter. There may also be disadvantages such as an additional waste stream to be
disposed of, and possible reduced efficiency of the combustion process. There
may also be practical constraints on the installation of carbon injection, and any
IPPC process would be subject to conformance with the requirements of BAT.
4.4.2

Sectors affected

This scenario considers coal fired combustion processes operating in Scotland.
4.4.3

Cost of scenario

The main costs of installing carbon injectors in the remaining coal power stations
comes from the capital costs of fitting bag filters and the carbon injection system,
which consists of a bulk-storage silo and multiple blower/feeder trains.
The International Energy Agency provided a cost estimate of $48-$73 per kilowatt
48
electrical for the installation of fabric filters.
This cost does not include the other
capital costs or the operational costs. This technique would not be appropriate for
large-scale power stations.
Implementing carbon injection and bag
filters/electrostatic precipitators at coal-fired combustion plant other than large
scale power stations would be expected to result in a reduction in emissions of
dioxins and furans from these processes of approximately 70%.

48 International Energy Agency Clean Coal Centre, “Economics of retrofit air
pollution control technologies,” Report Ref. PF06-04, June 2006
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The cost per gram of dioxin and furan abated was estimated by assuming that
electricity generation from coal combustion is 40% efficient, and using the
emissions factors for coal combustion given in Section 2.3.1. Assuming that fabric
filters were installed on coal-burning installations other than large scale power
stations with capital costs spread over a period of 15 years, the cost of abatement
over this period would be approximately £1.9 million - £78 million per gram
TEQ unspecified dioxins and furans abated. A study carried out for Defra indicated that
the cost of installation of carbon injection and associated particulate abatement
3
plant was £2million per gram ITEQ dioxins and furans abated.

4.5

Scenario E3: Providing information to the shredder industry

4.5.1

Sector affected

The shredding industry has an incoming waste stream which may contain PCBs,
depending on the source of the waste. Regulations are already in place to stop the
inclusion of PCBs in products such as:
Ban on PCBs in products (1976/769/EC)
Removal of PCB containing capacitor leads prior to metal recovery (WEE and
ELV Directive)
Limit value for persistent organic pollutant (POP) content in production residues
(POP Regulation)
4.5.2

Scenario description

The measures to be taken would comprise compilation and communication of
information on which wastes contain POPs, and how decontamination before
31
processing could reduce emissions.
This could be carried out using a mailing
approach, supported by a web-based information dissemination system.
4.5.3

Cost of scenario

The one-off cost for preparing and printing a set of leaflets would be comparatively
low, in the region of £40,000, which would include research, writing and printing of
the leaflet. Based on general research and writing costs in consultancy, the cost of
producing an information leaflet for the shredding industry would be fairly low with
research and publication costs of around £20,000 to £40,000. Formatting and
printing 2,000 leaflets could cost about £10,000. A campaign such as placing
advertisements in the trade press and making staff available for interviews and
industry liaison could incur a comparable cost.
This measure would be difficult to evaluate or enforce. There is no guarantee that
waste containing PCBs would be identified and dealt with more appropriately by the
shredding industry, even after reading the guidance leaflet or on-line resources.
The industry may be reluctant to dispose of PCB waste through official channels as
the costs are high. W aste containing high levels of PCB, such as capacitors would
need to be disposed of safely through approved channels. A PCB waste disposal
company would charge approximately £2500 per tonne of PCB contaminated waste
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(with a minimum charge for small quantities).
incineration.

49

The PCB waste is then sent for

Taking these steps may well be worthwhile as a low-cost option for securing
reductions in emissions of PCBs, including dioxin-like PCBs. The potential benefits
of this option were not quantifiable.

4.6

Scenario E4: Communication on substitute products and process
technology

4.6.1

Scenario description

A number of product substitution options and industrial processing alternatives are
in use which lead to dioxin emissions being reduced or avoided. For example:
Product substitution of tar by bitumen in asphalt production is already
established and reduces PAH emissions.
Processes which are chlorine based could be an area to focus industrial
process substitution by improving the knowledge base in Scotland.
One
approach could be the promotion of research on alternative production
technologies for products which are currently produced by chlorine based
technologies
Product substitution of creosote (emits PAHs during use) and coal tar would
help reduce dioxin emissions.
Reduced use of chlorine in bleaching pulp and paper.
4.6.2

Sectors affected

The chemical industry, asphalt industry and paper industry in Scotland would be
affected by the measures referred to in the examples above.
4.6.3

Cost of scenario

No cost information for this scenario could be identified.
However, it is
recommended that SEPA should continue to support the development and
promulgation of substitute products and process technologies to reduce the
formation of pollution at source.

4.7

Scenario E5: Emission limits / BREF note implementation for
refineries

4.7.1

Sector affected

Scotland has a significant oil refinery capacity which could potentially offer the
scope for reductions in emissions of dioxins and furans. However, there is
significant uncertainty regarding emissions of dioxins and furans from refinery
processes.

49 Eurotech Waste Management www.pcbdisposal.co.uk personal communication,
May 2007
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4.7.2

Sector affected

Two approaches to limiting emissions from the sector are proposed that go beyond
business as usual:
Full implementation of IPPC Guidance provided in the BREF note for ‘Mineral
Oil and Gas Refineries’
Emission limit values for POP releases from the refinery industry
Dioxins and furans may be emitted as a trace component of the particulate matter
released during the cracking process. Any process improvements designed to
remove particulates from flue gas emissions would also remove dioxins from the
flue gas emitted from sources such as fluid catalytic cracking (FCC). The BREF
notes outline four key process options for removing particles from refinery
emissions:
Cyclones
Electrostatic precipitators
Filter e.g. bag filter
Wet scrubber e.g. limestone wet scrubber
4.7.3

Cost of scenario

The BREF note cites that multicyclones and electrostatic precipitators (ESPs) are
already employed in some heavy oil and residue cracking units in refineries in
Europe. ESPs are used in some fluid catalytic cracking activities and in power
plants, but are not currently used in Scotland.
ESPs can have an abatement efficiency of 90% for control of particulate matter but
are costly to install with investment of Euro 3-6 million cited in the BREF note.
Dioxins and furans in emissions from high temperature refinery sources are likely to
be partly in solid phase (which would be abated) and partly in the vapour phase.
Vapour phase substances would not be abated using an electrostatic precipitator.
This means that it is unlikely that a refinery would install ESPs solely for dioxin
abatement.
A scrubber process could reduce emissions of particulate matter by 85% to 95%,
similar to the efficiency of ESP units. However, capital costs are likely to be above
Euro 10 million for limestone wet scrubber installation.
Specialised cyclones would cost less to install, with costs above Euro 0.5million
cited in the BREF note, and abatement efficiency ranging from 30-90%. A cyclone
system alone may not be suitable, as these units are designed to remove particles
of particular types from specific process units. Again, a cyclone would not provide
effective removal of vapour phase dioxins and furans.
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Table 8

Scenario E5: Costs of options for abating particle emissions from fluid catalytic
cracking processes

Measure

Effect

Cost

Notes

Use of highly
specialised
cyclones designed
to remove particles
of particular
arrangement,
dimensions,
contours, velocities,
pressures and
densities.

Cyclones are
generally efficient at
removing particles in
the range of 10 to 40
microns and above.
Efficiencies can range
from 30-90%. An
average performance
figure for cyclone
separation alone is in
the region of 100-400
mg/Nm3 (inlet
concentration from
400-1000 mg/Nm3)

For size of the FCC
being 1.5 Mt/yr with
efficiency ranging
from 30-90% and
downstream
particulate
concentration of 403
250 mg/Nm ,
investment costs
range from Euro 0.52.5 million Euro and
operating costs from
Euro 0.1-0.7 million
per year

Cost of disposal
of the fine
residue is around
120-300 Euro/t
including
transportation
Would not
remove vapour
phase
substances

Electrostatic
Precipitators

Typical particulate
emission levers
achieved with
electrostatic
precipitators range
from 10-50 mg/Nm3 of
particulate matter in
the flue gas of the
fluid catalytic cracking
generator.

For fluid catalytic
cracking of 1.5Mt/y
and an efficiency of
90% with downstream
PM concentration
3
around 30 mg/Nm ,
investment of Euro 36 million with
operating costs from
Euro 0.25-0.5 million
per year

Would not
remove vapour
phase
substances

Use of filter (bag,
ceramic, or
stainless steel
filters)

Higher performance
can be achieved (<1 3
10mg/Nm ) than
cyclones and
electrostatic
precipitators

No data

Would not
remove vapour
phase
substances

Wet scrubber

Efficiency of 85-95%
reported. Inlet of 3503
800 mg/Nm gives
outlet of <10-35
mg/Nm3

Wet limestone
scrubber 75-180
Euro/kWth (unit size:
75-300 MWth).
Capital cost Euro 1020 million, operating
costs Euro 1.6-4
million per year

Removal is
design related
and system
pressure drop is
a major variable.
Scrubbers are
less effective on
reducing submicron particles

It is recommended that estimated emissions of dioxins and furans from refinery
processes are quantified further via the regulatory procedures.
The use of scrubber technology to abate refinery cracker emissions would have an
associated annualised cost of the order of £2million - £4million per year.
Depending on the outcome of further investigations of emissions from refinery
processes, this would result in a reduction in emissions of dioxins and furans of the
order of 0.3 to 0.6 grams ITEQ per year (Table 5), with a unit cost range of
£3million to £13million per gram ITEQ dioxin and furan abated. This option would
have other benefits in terms of reduced emissions of substances such as
particulate matter and sulphur dioxide. There may also be disadvantages such as
an additional waste stream to be disposed of, and possible reduced efficiency.
There may also be practical constraints on the installation of scrubber technology
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on cracker units, and any control measures would be subject to conformance with
the requirements of BAT.

4.8

Scenario E6: Inclusion of POPs in emissions trading

The advantages of developing an emissions trading market for environmental
emissions in general are as follows.
Efficiency, allowing the costs of emissions reductions to be minimised
Emissions trading allows emitters to choose whether it is cost effective to abate
themselves or whether they should buy emissions reductions from others. This
is a particular benefit where the costs of abatement vary significantly from
emitter to emitter.
Results in market value for emissions
Establishing a market value helps to highlight the external costs of the activities
that result in emissions and so to focus attention on their reduction.
Raises awareness and prioritises abatement action
Emissions trading allows organisations to choose the right abatement strategy
for them. It therefore requires a greater level of engagement than e.g. a tax
which organisations simply pay without thinking how they could modify their
behaviour.
Fixes level of emissions
By capping emissions at a certain level, an emissions trading scheme drives a
fixed level of emissions. This can be easier than trying to achieve a particular
level of emissions indirectly by estimating the price impact necessary to change
behaviour (e.g. via a taxation approach).
However, the nature of dioxins and furans means that it is unlikely to be an
appropriate means of securing reductions in emissions of dioxins and furans. The
reasons for this are:
An emissions trading scheme would potentially work against the need to control
local impacts of dioxins and furans, because this kind of scheme is designed to
secure the most economic reduction in overall emissions without regard to local
impacts.
To deliver the efficiency benefit above, emissions trading needs to be
implemented across a range of point sources The scheme will deliver a fixed
level of emissions across that ‘bubble’ but not necessarily at a particular point
source. This is acceptable in the case of (for example), greenhouse gas
emissions where it is the global level that matters, but may ineffective or even
counter-productive where local impacts may be important. There may also be
concerns in relation to an approach which seeks to apply a financial value to a
substance with a known adverse effect on health.
Requires a large number of participants
A liquid market is required to deliver cost effective abatement. A relatively large
number of participants amongst whom abatement potential and emissions are
relatively broadly spread is necessary for this to be the case. There is not
currently any international trading for these emissions This means that it may be
more difficult to deliver a liquid market than for more widely emitted substances
such as greenhouse gases.
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Requires detailed information about current and projected emissions
Cap and trade schemes require the cap to be fixed at the outset. Experience
under Phase I of the EU ETS shows that if that cap is set too high, emissions
trading may not deliver any emissions reductions in practice. The regulating
body needs a good understanding of the current and future levels of emissions
from the participating organisations in order to set the cap and demonstrate
compliance. The high cost and practical difficulties of monitoring emissions of
dioxins and furans would make it difficult to set the correct framework, or to
verify the performance of individual sites.
Relatively complex administratively
Emissions trading is relatively complex. There is a need for an organisation to
permit participants, allocate or auction allowances, facilitate trading (e.g. via an
electronic registry), collect actual emissions data. and administer surrendered
allowances. Organisations themselves need to understand whether they are
covered; monitor, report and verify their emissions; develop an abatement and
trading strategy; trade allowances; and potentially surrender allowances. This
can result in greater costs for both the regulators and the participants than a
more simple approach.
May take time to implement
Given the administrative complexity described above, it can take longer to
implement an emissions trading scheme than some other options, particularly if
its introduction requires primary legislation when that for other options does not.
This can delay emissions savings. Although the UK now has considerable
experience of emissions trading now, this approach is as yet untested for these
pollutants.
An emissions trading scheme relies on the use of market mechanisms to secure
abatement using techniques such as those discussed elsewhere in this chapter. It
does not itself constitute a control measure.
Because a trading scheme would not be appropriate for control of substances which
poses risks to health, and in view of the other practical difficulties associated with
an emissions trading approach, it is recommended that a trading scheme is not
developed in relation to dioxins and furans.

4.9

Scenario E7: Limit on the trace element content of solid fuels

4.9.1

Scenario description

Burning coal with lower levels of metals such as chromium and arsenic would be
expected to result in lower emissions of POPs. This is because these metals can
catalyse the formation of dioxins and furans in a combustion process. Reducing the
chlorine content of solid fuels would also in principle be expected to help reduce
POPs emissions. However, the experimental evidence for a correlation between
fuel chlorine content and emissions of POPs is currently ambiguous.
There is little information available on the metal and chlorine content of coal. In the
UK, most deep mined coal has a significantly higher content of sulphur and chlorine
50
than that of internationally traded coal. Low sulphur coals are likely to have lower
levels of chlorine content than higher sulphur coals. This means that coal used in
industrial combustion processes in Scotland would need to have a low sulphur
content – e.g. South African coal.
50 www.worldenergy.org Summary of Energy Resources
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In principle, a limit would be set on the amount of metals and chlorine per kilogram
of coal permitted for combustion in industrial processes. This may incur an
additional cost to industry because higher specification coal may not be the most
readily available. Because this information is not currently available, there would
be an additional initial cost associated with carrying out research into the trace
element content of coal.
4.9.2

Approach for setting fuel quality standards

Limits on the chlorine or metal content of coal could be implemented in a similar
way to sulphur limits on coal.
UK combustion processes are subject to stringent limits on sulphur dioxide
emissions under the National Emissions Ceiling Directive (NECD), the Large
Combustion Plant Directive (LCPD) and Integrated Pollution Prevention and Control
(IPPC). NECD sets bubble limits on SOx for all EU member states (Scottish Energy
Study, SE 2006). Only about 20% of the coal combusted in the regulated processes
is of Scottish origin. For example, Scottish Power imports coal from as far afield as
Russia, Colombia and South Africa in order to secure low sulphur coal at an
economic rate. Fuel quality specifications are normally international initiatives (e.g.
deriving from European Union directives).
SEPA’s role may therefore be to
promote the merits of this approach with the Scottish Executive and UK
Government.
4.9.3

Coal washing

Some commercial and environmental benefits have been gained from improving
coal quality through improved coal washing, including introduction of computers,
on-line measurement techniques, and better dewatering of fine coal (CRF 1996). In
theory, chlorine should be removed from coal by washing but practical applications
have not yet been fully proven technically. Mild heat treatment has also been
proposed but again no commercial processes have been developed (IEA Clean
Coal Centre). As washing of coal to remove chlorine is not reported as a
commercially viable exercise, it is not likely to be a cost effective solution.
4.9.4

Sectors affected

The sectors affected comprise industrial solid-fuel combustion processes. The two
coal fired power stations at Longannet and Cockenzie consume approximately 6.2
Mt coal per year
4.9.5

Cost of scenario

The average cost of imported coal varied between US$48/tonne in December 2004
and US$76/tonne in December 2005, with April 2007 prices at US$67/tonne (based
on Amsterdam, Rotterdam, and Antwerp prices). This shows the price of coal
fluctuated by over 50% over the past three years and so any cost estimates on
importing low chlorine coal would be strongly influenced by the market price.
If a requirement to use low-metal or low-chlorine coal resulted in an increase of
20% in the price of coal, this would result in an additional cost associated with the
combustion of 1.5 million tonnes of coal per year of approximately £12 million. As
set out in Chapter 3, there is no data available to evaluate whether this would
provide a significant benefit in reduced emissions of dioxins and furans. A study to
measure emissions of dioxins and furans when burning coals of different metal,
sulphur and chlorine content is recommended.
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4.10

Scenario E8: Increased use of biomass

4.10.1 Scenario description
This scenario represents the replacement of fossil fuels with biomass - e.g.
replacing coal with biomass such as wood chips from forestry. A scenario whereby
20% of the Scottish energy demand is met by biomass combustion has been
assessed.
4.10.2 Sectors affected
Small scale heat and power generation
4.10.3 Cost of scenario
The price of biomass in Scotland is roughly twice the price of coal. For small scale
heat, biomass is competitive; for large scale CHP or electricity, biomass is currently
less competitive.
The price of the biomass delivered to power stations is subject to significant
uncertainty as it depends on the biomass type, source, availability and
51
storage/transport requirements. A DTI report estimated that prices of the more
relevant biomass materials, delivered to British power plants, are of the order of
£2.0 – £5.0 per gigajoule. The report quotes the delivered price for power station
coal in the region of £1.0 – £1.2 per gigajoule.
The cost differential corresponds to a cost of approximately £50 million – £150
million per year for meeting 20% of Scotland’s energy needs with biomass instead
of coal. Based on the range of emissions data for coal and biomass combustion
given in Sections 2.3.1 and 3.3.8, this is approximately equivalent to a cost of
£80million to £8000million (£8billion) per gram TEQ unspecified dioxin and furan
abated.

4.11

Scenario E9: Carbon capture and storage at coal fired power
stations

4.11.1 Scenario description
This scenario is based on fitting carbon capture and storage technology (CCS) to
the Longannet (2,400 MW) and Cockenzie (1,200 MW) coal fired power stations. A
proportion of the carbon dioxide released during the electricity generation process
would be captured at the power station and liquefied. The liquefied carbon dioxide
would then be transported to underground storage – for example, beneath the North
Sea. It is assumed that these steps would result in the removal of a similar
proportion of dioxin and furan emissions along with the capture of carbon dioxide,
preventing the dioxins and furans from being released to the wider environment.
4.11.2 Sectors affected
The Scottish Energy Study indicates that Cockenzie and Longannet power stations
together consume about 6.2 megatonnes coal per year, and estimates that these

51 Department for Trade and Industry, “Development of Low Cost Systems for CoUtilisation of Biomass in Large Power Plant,” Report Ref. B/U1/00726/00/00, URN
03/1440, Mitsui Babcock, 2003
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coal fired power plants emit 12 megatonnes carbon dioxide per year.
Cockenzie
power station is due to close by 2015 at the latest in order to comply with the Large
Combustion Plant Directive. A limited lifetime would be likely to make it unfeasible
to commit to the substantial investment needed to retrofit CCS to a major existing
facility.
4.11.3 Cost of scenario
52

A recent study conducted by Poyry published by the DTI modelled the cost of
retrofitting existing coal fired units with carbon capture technology (MEA or oxyfuel
technology). The cost of carbon capture and storage was just above £20/tonne
carbon dioxide abated. Older sources have put costs of CCS at between £30 to
53
£90/tonne carbon dioxide abated.
An estimate of £25/tonne carbon dioxide for
carbon capture was used for this study.
Data from Defra indicate that 2.4 tonne carbon dioxide is emitted per tonne of coal
combusted.
Therefore the cost of CCS per tonne of coal is approximately
£60/tonne of coal combusted.
Table 9

Scenario E9: Costs for carbon capture and storage at coal fired power stations

Measure

Cost

Source

Retrofit existing coal fired
units with carbon capture
technology (MEA or oxyfuel
technology)

Just over £20/tonne carbon
dioxide abated

Analysis Of Carbon
Capture and Storage
Cost-Supply Curves for
the UK, Poyry, DTI
January 2007

Carbon Capture and
Storage excluding
enhanced oil recovery

Between £30 to £90/tonne
carbon dioxide abated

Carbon Capture and
Storage, Parliamentary
Office of Science and
Technology, March 2005

Estimate for this study

£25/tonne carbon dioxide
abated. Equivalent to
£60/tonne of coal combusted

Based on above data
sources

This indicates that retrofitting CCS to Longannet power station would cost
approximately £250 million per year and result in a reduction of approximately
0.13 gram ITEQ dioxins and furans per year (based on the site return to SPRI for
2005). This corresponds to a cost of approximately £1.9 billion per gram ITEQ
dioxins and furans abated.
Retrofitting CCS to both stations would cost
approximately £370 million per year and result in a reduction of approximately
0.19 gram ITEQ dioxins and furans per year, with the same cost per gram ITEQ
dioxin and furan abated.

4.12

Phase 3: Summary and conclusions

The most cost-effective measures to reduce emissions of dioxins and furans are:

52 Analysis Of Carbon Capture and Storage Cost-Supply Curves for the UK, Poyry,
DTI January 2007
53 Carbon Capture and Storage, Parliamentary Office of Science and Technology,
March 2005
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Scenario E2

Installation of carbon injection plant at coal-fired power plant

Scenario E5

BREF note implementation / Emission Limit Values for POP release
from Refinery

The following measures may also be effective at low cost, although their
effectiveness could not be assessed in quantitative terms:
Scenario E3

Shredder industry: provision of info on what wastes contain POPs
(persistent organic pollutants) and how emissions can be reduced

Scenario E4

Communication on substitute products and process technology to
reduce dioxins

A summary of abatement scenarios and cost estimates is provided in Table 10.
Table 10

Summary of scenario options

Measure

Description of the
abatement approach

How would the
measure be
implemented?
Government led fuel
switching initiative in
partnership with the
power generation sector

Industry
Sector
Affected
Public
services and
commercial
premises

E1: Switch
from
solid/liquid fuel
to gas

Switching from a
solid/liquid fuel-based
economy to a more gasbased economy for the
production of heat and
power.

E2: Carbon
injection at
coal fired
combustion
plant

Installing carbon
injection and abatement
plant at coal-fired
combustion processes

Via permitting process
or incentives to process
operators

Coal fired
combustion
plant

E3: Shredder
industry:
provision of
info on wastes
containing
POPs and how
emissions can
be reduced

Compilation and
communication of
information on what
wastes contain POPs
and how
decontamination before
processing may reduce
emissions

(1) Government would
commission leaflet to
send to shredding
companies in Scotland
(2) Shredder companies
would need to separate
and dispose of PCB
contaminated waste.

Shredding
industry

E4:
Communicatio
n on substitute
products and
process
technology to
reduce dioxins
–

(1) Product substitution
(2) Process substitution

Chemical
industry,
Asphalt
industry

E5: BREF note
implementation
/ Emission
Limit Values for
POP release
from Refinery

Dioxins are emitted on
particles released during
the cracking process.
Scrubber/ESP/Cyclone
processes to remove
particulate should also
remove dioxins from the
flue gas. Particle
removal is very much

Examples (1)
Substitution of tar by
bitumen in asphalt
production is established
and reduces PAH
emissions. (2)
Promotion of research
on alternative production
technologies to chlorine
based processes
A wet scrubber
efficiency of 85-95% is
reported. Inlet of 350800 mg/Nm3 gives
outlet of <10-35 mg/Nm3
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Scotland has
a significant
oil refinery
capacity and
dioxins are
emitted on
particles
released
during the

Cost of Abatement

Cost/unit of POP
abated

Scottish Energy Study
indicates £366 million
per year

0.2 – 0.7 gram
TEQunspecified
abated, gives
£0.5billion £1.8billion per
gram TEQunspecified
dioxin and furan
abated
£1.9 million - £78
million per gram
TEQunspecified
dioxin and furan
abated

$48-$73 per kilowatt
electrical for the
installation of fabric
filters Ref. 3 indicates
£2million per gram
TEQunspecified dioxin and
furan abated
(1) The cost of writing
and printing leaflets ~
£40,000 Scotland wide,
plus similar cost for
marketing
(2) The cost per tonne
for PCB waste
incineration such as
capacitor leads is
around £2500 per
tonne of PCB
contaminated waste.
Qualitative assessment
only

Wet limestone
scrubber 75-180
EUR/kWht (unit size:
75-300 MWth). Annual
operating costs roughly
equals capital cost.
Capital cost Euro 10-20
million (15 year lifetime
assumed), operating

0.3 – 0.6 gram
ITEQ dioxin and
furan abated per
year, gives
£3million to
£13million per
gram ITEQ dioxin
and furan abated
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Measure

Description of the
abatement approach

E6: Inclusion of
POPs in
emissions
trading

E7: Limit on the
trace element
content of solid
fuels –

E8: Increasing
use of biomass
as fuel source
–

E9: Carbon
capture and
storage at
remaining coalfired power
stations

Emission Limit
Values for POP
release from
iron and steel

BREF note
implementation
/ Emission
Limit Values for
POP release
from Refineries

design related Scrubbers
are less effective on
reducing sub-micron
particles
An Emissions trading
scheme (ETS) allows
emitters to choose
whether to abate their
own emissions or buy
emissions reductions
from others. However,
not appropriate for
dioxins and furans,
which pose potential
risks to health on a local
scale
Approach could vary (1)
setting a limit on the
chlorine or metal level in
coal permitted for
combustion in power
generation (2) similar
approach to sulphur
emission limits (3)
regulations on coal
washing
Replacing fossil fuels
with biomass e.g.
replacing coal with
biomass

Fitting carbon capture
and storage technology
to the Longannet and
Cockenzie coal fired
power stations.
Cockenzie & Longannet
consume approx 6.2
million tones coal per
year
Found not to be
applicable in Scotland

Dioxins are emitted on
particles released during
the cracking process.
Scrubber/ESP/Cyclone
processes to remove
particulate should also
remove dioxins from the
flue gas.
Not likely to be a
significant change from
present situation
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How would the
measure be
implemented?

Industry
Sector
Affected
cracking
process

Cost of Abatement

Cost/unit of POP
abated

costs Euro 1.6 - 4
million/ year

Concluded that an
emissions trading
mechanism would not
be appropriate.

(1) more information is
needed on the content
of coal (2) Limits on coal
could be implemented in
a similar way to sulphur
limits on coal (3)
Washing of coal is not
yet commercially viable.

Power
generation &
industrial
combustion

Cost information is not
available though coal
market prices would
need to be considered
as these can vary by
over 50% over a short
period of time.

Not quantifiable

Biomass such as wood
chips from forestry could
be used in place of coal.

Small scale
power
generation

Cost of biomass is of
the order of £2.0-5.0
per gigajoule.
Delivered price for
power station coal iis n
the region of £1.0-1.2
per gigajoule (DTI).

Carbon dioxide would be
captured at the power
station and liquefied. It
would then be
transported to
underground storage for
example in the North
Sea.

Coal fired
power
generation
occurs at
Longannet
(2,400 MW)
and
Cockenzie
(1,200 MW),
(SE 2006).
Would require
injection of
lignite coke
powder or
carbon at
Electric Arc
Furnaces.

£25/tonne carbon
dioxide abated.
Equivalent to
£60/tonne of coal
combusted (POST,
DTI-Poyry 2007).
Longannet: £250
million per year

0.12 – 0.58 gram
TEQunspecified dioxin
and furan abated,
£80million to
£8billion per
gram TEQunspecified
dioxin and furan
abated.
0.13 gram ITEQ
abated, gives
£1.9billion per
gram ITEQ
abated

ELECTROSTATIC
PRECIPITATOR Typical
particulate emissions
achieved range from 10<50 mg/Nm3 of
particulate matter in the
flue gas of the fluid
catalytic cracking
generator.
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as above

Injection of lignite coke
powder: £200,000 for a
1MT(steel)/y plant
which reduces
emissions from 0.25 ng
ITEQ/Nm3 to less than
0.1 ng ITEQ/Nm3;
carbon injection at
EAFs could save UKwide 11.3 g ITEQ
dioxins and furans per
year
ELECTROSTATIC
PRECIPITATOR For
fluid catalytic cracking
of 1.5Mt/y and an
efficiency of 90% with
downstream PM
concentration around
30 mg/Nm3,
investment of Euro 36million with operating
costs from Euro 0.250.5million / year

Carbon injection at
EAFs measure
would cost
£170,000/ gram
TEQunspecified dioxin
and furan abated,
but none in
Scotland
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Measure

Description of the
abatement approach

BREF note
implementation
/ Emission
Limit Values for
POP release
from refineries

Dioxins are emitted on
particles released during
the cracking process.
Scrubber/ESP/Cyclone
processes to remove
particulate should also
remove dioxins from the
flue gas. .

Emission Limit
Values for POP
release from
the following
from Power
generation
Financial
incentives for
installations
that apply BAT
(non-IPPC
installations)

Not likely to be a
significant change from
present situation

How would the
measure be
implemented?
Specialised cyclones
would be used to
remove particles from 10
to 40 microns and
above. Efficiencies
range from 30-90%.
Cyclone separation
alone is in the region of
100-400 mg/Nm3 (inlet
concentration from 4001000 mg/Nm3)

Industry
Sector
Affected
As above

Cost of Abatement
For size of the FCC
being 1.5 Mt/yr with
efficiency ranging from
30-90% and
downstream particulate
concentration of 40250 mg/Nm3,
investment costs range
from Euro 0.5-2.5
million and operating
costs from Euro 0.1-0.7
million per year

Wet limestone scrubber
is widely applied in
power plants - see
refinery above
Full cost of installation
covered by financial
grant. Example used is
for oil refineries.

Scottish industry would
apply to government for
grant to cover the costs
of abatement
technology.
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Power
generation,
iron and steel
and
refineries.

Up front grant would
need to be valued at
Euro 1 million to 10
million per year
depending on which
particulate removal
technology was used
and the volume of
waste gases.

Cost/unit of POP
abated
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5.

CONCLUSIONS AND RECOMMENDATIONS
5.1

Scottish Pollutant Release Inventory

It is recommended that SEPA should consider revisions to the Scottish Pollutant
Release Inventory (SPRI). Any such changes to the SPRI would need to be
assessed at the UK level and may require consultation with process operators.
5.1.1

Additional information from operators

It is recommended that process operators could be required to provide data on
actual or rated throughput/production together with fuel/electricity/water usage, in
place of the current voluntary arrangement. There may need to be exclusions on
the grounds of justifiable commercial confidentiality. This would provide useful data
to enable the database to be extended, and the key sources of dioxins and furans
to be quantified with greater confidence. The principal sectors where improved
information would be useful for the purposes of improving estimates of emissions of
dioxins and furans are the following:
Ferrous and non-ferrous metals manufacture
Manufacture of biocides
Solid and liquid fuel combustion in industrial processes
However, SEPA may find this information more widely useful, and may wish to
consider extending this requirement to all sectors.
5.1.2

SEPA guidance

Information developed as part of this project indicates that refinery processes
account for a proportion of emissions of dioxins and furans from regulated
processes. While Scotland has a significant refinery capacity, no oil refinery
process appears on the inventory for 2005. It is recommended that SEPA should
seek additional information on emissions of dioxins and furans from regulated
refinery processes via the normal regulatory process (see Section 5.2 below).
Once this information is available, SEPA should review the SPRI guidance and
update the advice to refinery process operators as appropriate.
It is recommended that SEPA should consider providing specific guidance to
operators to assist them in identifying whether dioxins and furans could be emitted
from their process. This will require an estimate of emissions to be made for all
potentially significant processes, and will enable more complete reporting from
processes with emissions both above and below the reporting threshold.
The current Inventory gives a partial view of emissions to air of dioxins and furans.
For example, liquid fuel combustion and oil refining do not feature as sources of
dioxins and furans in SPRI, but account for approximately 1.2 to 2.2 grams
TEQ unspecified of dioxin and furan per year, about 4% – 8% of the estimated total
emission from Scotland.
Guidance to operators could be significantly improved to help in addressing this
deficiency. However, releases from some sectors (e.g. combustion; crematoria) are
made up of smaller amounts from a large number of sources, which are likely to be
individually below the SPRI reporting threshold. SEPA needs to be aware of this
when taking steps to reduce emissions of dioxins and furans.
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5.1.3

Further development of SPRI

It is recommended that SEPA should consider extending
assembled as part of this project as a tool for use by
organisation. The database contains useful information on
to allow benchmarking and sharing of information between
SEPA regions.

the process database
inspectors across the
comparable processes
inspectors in different

A range of useful emissions factors have been identified during the course of the
work described in this chapter.

5.2

Emissions of dioxins and furans from regulated sources

An estimated inventory of emissions to air from regulated sources in Scotland was
compiled. This also considered the changes in emissions likely to result from
ongoing and future trends and initiatives (referred to as “business as usual”). This
inventory is set out in Table 5.
It was estimated that regulated sources give rise to emissions of 4.1 to 6.0 grams
TEQ unspecified dioxins and furans per year. Under “business as usual” trends,
emissions are forecast to reduce to 3.4 to 4.7 grams TEQ unspecified dioxins and
furans per year. Key sources accounting for more than 10% of this total were:
Combustion of oil
Combustion of biomass
Landfill gas engines
Oil refineries
It is recommended that SEPA should seek additional information on emissions of
dioxins and furans from regulated refinery processes via the normal permitting
procedures. This could take the form of a desk-based study followed by a
measurement programme if the desk based study showed the potential for
significant emissions or uncertainty.

5.3

Options for further reductions

The most cost-effective measures to reduce emissions of dioxins and furans were
identified as:
Scenario E2

Installation of carbon injection plant at coal-fired power plant

Scenario E5

Implementation of controls on emissions from oil refinery processes
– in particular, application of scrubber technology to cracker
processes

The following measures may also be effective at low cost, although their effectives
could not be assessed in quantitative terms:
Scenario E3

Shredder industry: provision of info on what wastes contain POPs
(persistent organic pollutants) and how emissions can be reduced
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Scenario E4

Communication on substitute products and process technology to
reduce dioxins

The use of an emissions trading mechanism would not be well suited to managing
emissions of dioxins and furans.
It is recommended that SEPA should consider developing or contributing to further
controls of dioxin and furan emissions via the control measures listed in this section
(E2, E3, E4, E5 and E8).

5.4

Recommendations for further research

It is recommended that SEPA should continue to support the development and
promulgation of substitute products and process technologies to reduce the
formation of pollution at source.
A study to measure emissions of dioxins and furans when burning coals of different
trace metal, sulphur and chlorine content is recommended.
It is recommended
that SEPA should consider the risks of an increase in emissions of dioxins and
furans alongside the benefits of reducing the sulphur content of fuels.
Further research into emissions and controls on dioxin emissions from combustion
of biomass is recommended, in view of the potential significance of these sources.
This is particularly important for Scotland where there are good opportunities for
development of renewable biomass combustion. It will be important to ensure that
the development of renewable energy schemes provides proper controls on
emissions of substances such as dioxins and furans.
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