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Sammanfattning

SMED utgor en forkortning for Svenska Milj0EmissionsData, som &r ett
samarbete mellan IVL, SCB, SLU och SMHI.

De reviderade emissionsfaktorer som &r framtagna i detta projekt paverkar
utslappen fran el- och fjarrvarmesektorn till stor grad. De resulterande
reviderade utslappen ar l1&gre for samtliga luftféroreningar, sarskilt for
partiklar, NHs, CO, dioxin, PAH, Se och Zn. For véxthusgaser ar utslappen
av CH4 och N,O mycket lagre medan CO,-utslappen ar nagot hogre for
2014. Totala vaxthusgasutslapp raknat som CO,-ekvivalenter ar nagot lagre
for hela tidsserien.

FOr manga av de nuvarande emissionsfaktorerna som anvands for
energisektorn i Sveriges utslappsinventering skedde den senaste
uppdateringen for mer an tio ar sedan. Sedan dess har mycket mer matdata
blivit tillganglig som kan ligga till grund fér nya, uppdaterade
emissionsfaktorer. Dessutom har teknologiutvecklingen de senaste tio aren
lett till att manga utslapp har minskat, vilket bor reflekteras i den svenska
utslappsrapporteringen.

| detta projekt har samtliga nationella emissionsfaktorer for el- och
fjarrvarmesektorn, med undantag for CO,, setts dver. Endast CO; fran
avfallsforbranning har inkluderats. I de fall dar ny data och information kan
motivera en revidering har nya emissionsfaktorer foreslagits for ar 2015 och
for hela tidsserien fran 1990. For de emissionsfaktorer som har reviderats
har &ven osékerhetshetsskattningarna samt emissionsfaktorvarden for
scenarier justerats.

Nyckelord: emissionsfaktorer, elproduktion, fjarrvarme, luftféroreningar,
vaxthusgaser, CO,, avfallsforbranning, osdkerhetsskattningar.



Summary

SMED is short for Swedish Environmental Emissions Data, which is a
collaboration between IVL Swedish Environmental Research Institute, SCB
Statistics Sweden, SLU Swedish University of Agricultural Sciences, and
SMHI Swedish Meteorological and Hydrological Institute.

The revised emission factors that are proposed in the current project have a
quite large effect on the Swedish national emissions within the public
electricity and heat production sector. The emissions are lower for all air
pollutants with the new emission factors, in particular for particulate matter,
NHj3, CO, dioxins, PAH, Se and Zn. For greenhouse gases, emissions of
CH, and N,O are much lower, however, CO, emissions are slightly higher
for the last year. In total there is a small decrease for the whole time series
in greenhouse gas emissions expressed as CO, equivalents.

Many of the current emission factors that are used within the energy sector
for the Swedish emission inventory were last reviewed and updated more
than ten years ago. Since then, much more measurement data has become
available that can serve as a basis to update the emission factors. In addition,
technology development during the last ten years have in many cases led to
reduced emissions, which needs to be reflected in the Swedish air emission
reporting.

Within the current project, all national emission factors for the public
electricity and heat production sector, with the exception of CO,, have been
reviewed. Only CO, from waste incineration has been included in the
review. In cases where new data and information have motivated a change
of emission factors, revised factors have been proposed for the year 2015 as
well as for historic years from 1990. For revised emission factors,
corresponding emission factors for scenarios and uncertainty estimates have
been adjusted.

Keywords: emission factors, electricity generation, heat production, air
pollutants, greenhouse gases, CO,, waste incineration, uncertainty estimates.



Introduction

Background

In the Swedish emission inventory, emissions from the public
electricity and heat production sector are calculated using data on fuel
consumption and emission factors. Most of these emission factors are
national and have been developed in various projects within the
emission inventory development process. However, many emission
factors were last updated more than ten years ago and run the risk of
being outdated and not representative for current conditions.

In recent years, there have been studies showing that some emission
factors do not represent the current emissions from the sector and
should be updated*. In addition, the Swedish Environmental
Protection Agency have received comments from the Swedish District
Heating Association pointing out that e.g. reported dioxin emissions
from the sector are much higher than what they perceive that their
member companies emit?.

For the sector public electricity and heat production, emission factors
for several pollutants are likely to have decreased since they were last
updated, due to new and improved emission control technologies.

Objective

The project objective is to update emission factors for public
electricity and heat production that are in need of revision. Focus is on
air pollutants, but also CH, and N,O will be included as needed.
Emission factors for CO, are not included except for waste
incineration where both the fossil and biogenic CO, emission factors
will be reviewed, as well as the heating value for waste.

Previous studies

The emission factors that are currently used in the Swedish emission
inventory for the sector CRF/NFR 1Ala have been developed in various
previous projects.

! Mawdsley 2015

? Raziyeh Khodayari, Svensk Fjarrvarme. E-post januari 2016



CHy4, N2O, NOy, SO,, CO, NH3

Current emission factors for these pollutants were mainly developed in a
project carried out in 2004 (Bostrom et al. 2004). For some fuels, however,
emission factors from a review carried out in 1995 (SEPA 1995) are still
used.

In the 2004 review, emission factors for some fuels were updated based on
several sources of information. Available emission data from environmental
reports were compiled and categorized. However, data availability was
limited and only measurements from a few different production units were
included. Since then, the availability of measurement data has increased,
and there are opportunities to obtain a larger set of data to update emission
factors. Data from the register for NOx charge® was used for updating NOx
emissions.

Heating values for domestic heating oil and residual fuel oil were also
updated in Bostrom et al., (2004). The heating value for waste was pointed
out as being uncertain as waste is a very heterogeneous fuel. It was
suggested to establish a method to continuously update the heating value of
waste, and to do this based on produced energy and an average boiler
efficiency.

Bostrom et al. (2004) recommended that future reviews of emission factors
should be based on the emission declarations of the environmental reports.
They suggested that emission factors for certain pollutants are unlikely to
vary very much (e.g. CO,, PMjg, SOx, NOx), whereas other emission
factors should be updated more often as new information becomes available.

A review of all emission factors for CH4 and N,O was carried out in 2010
(Fridell, Stripple and Gustafsson, 2010), and resulted in recommendations
for a number of emission factors to be revised. The recommendations were
based largely on recent measurements carried out in Finland, companies’
legal Environmental Reports and 2006 IPCC emission factors. However, all
of these recommended revisions were not implemented in the emission
inventory, one reason being that the 2006 IPCC Guidelines were not
implemented yet. In 2014, another review of N,O from solid and gaseous
fuels was carried out (Mawdsley & Stripple 2014), which led to revision of
the NO emission factors for coal and gaseous fuels. For gaseous fuels, the
revised emission factor was in accordance to the previous review in 2010,
which is the same as the IPCC emission factor. For coal, two new emission

* In Sweden, all plants producing more than 25 GWh per year are subject to a charge for
NOXx emissions and are obligated to report to the Swedish EPA to a NOX register.



factors were developed, one for CFB (circulating fluidized boiler)
combustion techniques and one for all other technologies.

NMVOC

Emission factors for NMVOC were updated most recently in Kindbom et
al., 2004b. Emission factors for public electricity and heat production
(CRF/NFR 1Ala) were based on knowledge of the technical development
combined with companies’ legal Environmental Reports and information
from trade associations. Kindbom et al., (2004) also suggest that emission
factors in the future should be updated based on companies’ reported data as
this information becomes more extensive.

Particles, heavy metals and POPs

Emission factors for some heavy metals and POPs were updated in 2004
(Kindbom et al., 2004a). Emission factors for public electricity and heat
production (CRF/NFR 1A1la) were based on knowledge of the technical
development combined with companies’ legal Environmental Reports and
information from trade associations.

In regards to particulate matter, measurements of PMy, and PM, 5 were
scarce, which is why PM;o and PM, 5 are estimated as a fraction of TSP
based on various studies.

Emission factors for some POPs (benzo(b)fluoranthene,
benzo(k)fluoranthene, indeno(1,2,3-cd)pyrene, HCB and PCB) are taken
from the EMEP/EEA Guidebook 2013 (EEA 2013).



General methodology

Data sources

Emission data from various sources are compiled, the main source
being the Swedish Portal for Environmental Reporting (SMP). SMP
data includes much more emission data than when the last
comprehensive update was made for the sector in 2004, and can thus
contribute a larger part to the national emission factors. However,
there are some limitations to SMP data. In general, only the larger
plants submit information on fuel consumption to SMP, and for those
who do, emissions and fuel are reported by production unit. Emissions
arising from one single type of fuel are therefore only available in
some cases.

For NOx emissions, the register for NOx charge is a valuable source
of information, as all plants with a production exceeding 25 GWh per
year report NOx emissions here together with fuel consumption and
also information regarding NOx abatement technology.

In addition, several companies have been contacted directly in order to
obtain further information relevant to the project. There are also a few
reports that include relevant data for specific pollutants that have been
used as input.

For some pollutants, in particular some POPs, emissions are not
normally measured or reported by the heat and power plants. For these
pollutants there are no data on which a revision of the existing
emission factors can be based, and no revision is thus recommended.
These substances are NMVOC, HCB, PCB and the BC fractions of
PM,s. An overview of which emission factors have been revised is
provided in Appendix 1.

Technology-based emission factors

Current emission factors are only specified in regards to fuel type and
sector. There is however a number of other factors that affect the emission
factor, such as process technology, optimization of combustion conditions
and flue gas treatment. To determine the impact of these factors on
individual plants require a complete technology register of the Swedish
plants and is not feasible within the current project. In addition, the Swedish



emission inventory is based on fuel statistics where individual facilities
cannot always be distinguished. However, for some pollutants (SO,
particulate matter and NOx), an estimate of the distribution of different flue
gas treatment technologies have been made, and in combination with
estimates of emission factors for each technology class, technology-
weighted emission factors have been produced as a basis for the national
emission factor.

The advantage with this method is that the assumptions behind the emission
factors are made visible and are easy to adjust as more information is
available or as the conditions change with time.

As an example, the reasoning behind the emission factor for NOx emissions
from wooden fuels is shown below. NOx emissions are calculated based on
information on NOx emission reduction technology installed (Table 1)
combined with technology-specific emission factors (Table 2) by calculating
a weighted emission factor:

EFyeightea = 2iAD%; X EF;, i = NOx reduction technology

Table 1. Example of technology-based emission factors. Information on installed NO reduction
technology in Swedish plants is combined with technology-specific emission factors.

NOx reduction Part of Swedish energy production equipped with
technology technology (AD%)

No abatement 64 %
SNCR 30 %
SCR 2%
SCR+SNCR 4%

Table 2. Example of technology-based emission factors. Technology-specific emission factors for
NOx emissions from combustion of wood fuels.

Nox reduction technology Emission factor (EF) (g/GJ)

No abatement 70
SNCR 45
SCR 16
SCR+SNCR 18
Weighted emission factor 60

The weighted emission factor in this case is approximately 60 g/GJ, which
is equal to the current emission factor for NOx emissions from combustion
of wood fuels. In this example, the main source of the technology-specific
emission factors and technology coverage is the Swedish register for NOx
charge. However, for particulate matter and SO, there is no corresponding



register, and for these substances, the technology coverage is often
estimated by expert judgement. Technology-specific emission factors for
higher level of flue gas treatment are in some cases assumed to be equal to
what is reported by facilities that are being classified as large combustion
plants (LCP). For SO,, technology-specific emission factors are often
estimated using information on sulphur content of the fuel and applying
various degrees of flue gas cleaning. Assumptions on abatement technology
coverage are included in Appendix 2.

This is a first attempt to use a more structured technology-based approach to
determine national emission factors. The idea is to use this structure to
update emission factors more continuously as more information becomes
available or conditions change over time.

Uncertainties

For the emission factors where a revision is proposed, corresponding
uncertainties are reviewed and revised when appropriate. The quality rating
definitions found in the EMEP/EEA Guidebook 2013 serve as a basis for
the revised uncertainties.

Estimation of time series of emission
factors

In those cases where a revision of the emission factor is proposed, a
corresponding revision of the time series 1990-2014 is suggested. The basis
for revision of the time series is that if a constant emission factor for all
years has been used before, the new time series is also constant, unless there
is reason to believe that a change has occurred. Revisions of the time series
are done using various methods depending on available information. Since
there is very little information regarding earlier years, proposed time series
rely very much on current time series. Using current time series for the
1990’s and early 2000’s or if there is information regarding a specific
historic year, missing years have been interpolated. The time series for those
revised emission factors which are not constant 1990-2015 are shown in
Appendix 3.

Scenarios

Emission factors for 2020, 2025, 2030, 2035 for NOyx, SO,, PM1g, PM3s,
BC, NH3; and NMVOC, and also for 2040 and 2050 for CH4 and N,O, have
been included in the project. However, revisions have only been proposed
for those pollutants and fuels for which revisions for the historic time series



have been proposed. The scenarios are based on the same assumptions that
were made in the scenarios for emission factors in 2012. Often, the same
reduction rate is applied to the new emission factor, however, the reduction
is applied for year 2025 if the original reduction was applied for 2020. For
some emission factors, the revised value is much lower than the current
factor due to the fact that e.g. improved flue gas treatment have been taken
into account. The reduction potential for these emission factors may
therefore be much lower than estimated in previous scenarios and a lower
future reduction rate is therefore applied. Emission factors for scenarios are
included in the description of each pollutant below.

General assumptions about different fuel
categories

In order to estimate emission factors for different fuels, it is useful to
determine some general facts about the fuels and in what types of plants the
fuel is used.

Wood fuels

Wood fuels are used in large plants as well as small plants that are not
included in the SMP data set. Small plants may have less advanced flue gas
treatment. However, a study by the Swedish Energy Research Centre
(Bubholz, Bucht and Kvist, 2014) concluded that out of the 31 studied
biomass boilers between 2 and 12 MW, all had at least a cyclone installed,
which indicates that the vast majority of boilers have some kind of particle
treatment.

Peat

The consumption of peat has varied over time. According to the Swedish
Peat Association”, peat is combusted together with biomass in order to
improve the combustion conditions and avoid technical issues common for
biomass combustion. Within the current project, a survey was conducted in
collaboration with the Swedish Peat Association, which showed that
facilities burning peat are in general large plants with advanced flue gas
treatment. Of the plants that participated in the survey, 98 % of the peat
consumption was used in boilers with flue gas condensation, providing
highly efficient separation of sulphur and particles. According to the register

* Ingrid Kyllerstedt, Head of communication and media at the Swedish Peat Association.
Personal communication 2016-06-13.



for NOx charge, 26 plants used peat fuel in 2014, all of them together with
biomass except for two that only used peat.

Coal

The assumption for coal use in Sweden is that only large, well-controlled
plants use coal as a fuel. These plants are included in SMP and are equipped
with advanced flue gas treatment.

Domestic heating oil

Domestic heating oil is assumed to mainly be used in facilities without
advanced flue gas treatment as the fuel itself is relatively clean-burning.
Some plants may however use domestic heating oil as support fuel in more
advanced boilers.

Heavy fuel oil (EO2-5)

Heavy fuel oil is assumed to be used in boilers with flue gas treatment to a
larger extent as in particular the sulphur content is higher in the fuel.
According to statistics from the Swedish District Heating Association
(2016), about 20 % of heavy fuel oil consumption in the sector is made up
of the lighter fractions and is therefore assumed to have a lower sulphur
content than the other 80 %.

Tall oil and tall oil pitch

According to Arizona Chemicals in Sandarne®, tall oil and tall oil pitch are
mainly delivered to pulp and paper plants. Arizona Chemicals receives the
crude tall oil from the pulp and paper plants and delivers treated tall oil
which is used in the lime kilns in the pulp plants, which are not included in
the public heat and power sector. However, a small part of the tall oil is used
for energy production by larger heat and power plants. It is therefore
assumed that all tall oil and tall oil pitch is used in large plants with
advanced flue gas treatment and that they are well represented by SMP data.

Blast furnace gas, LD gas and coke oven gas

Blast furnace gas and LD gas are mixed into a “mixed gas”, which is
delivered by SSAB in Lulea to mainly one facility. Coke oven gas is also
delivered but is delivered separately as this gas is more energy-rich.
Information on properties of these gases has been obtained from SSAB®.

® Bjorn Hedman, teknisk chef Arizona Chemicals Sandarne. Personal communication.
2016-06-01
® Jonas Linnersund, Environmental engineer. Personal communication 2016-06-09



Waste

Waste incineration plants are all large well-controlled plants that are under
stringent regulations. The reported values are based on direct emission
measurements and may serve as a good basis for revised emission factors.
As waste is a heterogeneous fuel with varying composition, emission factors
often rely completely on flue gas measurements.

Jet kerosene

Jet kerosene is assumed to be used mainly in gas turbines that often function
as top load or emergency power and are not equipped with extensive flue
gas treatment.

Natural gas, town gas, LPG

As natural gas, town gas and LPG are clean-burning fuels, it is assumed that
these fuels are used by facilities without advanced flue gas treatment except
for some NOx reduction.

Landfill gas

Landfill gas is assumed to be used in smaller boilers often without flue gas
treatment.



Detailed methodology and results

Below, more detailed motivations for revising emission factors are given for
each pollutant. Some fuels of particular interest are treated separately.
Proposed revisions for emission year 2015 are included as well as emission
factors for scenarios. Revised time series are shown in Appendix 3 (time
series with constant emission factor throughout are not shown).

Air pollutants

SO,

SO, emissions are dependent on the sulphur content in the fuel as well as
flue gas treatment. The SO, emission factors have in many cases been
determined based on estimates on emission factors for different abatement
levels and assumptions about the distribution of technologies of the Swedish
facilities, as described in the section Technology-based emission factors.
Different emission factors are determined for the technology categories
“Without abatement”, “Limited abatement” and “Advanced abatement”.
Emission factors for the “Without abatement” category correspond to the
sulphur content in the fuel and it is assumed that all sulphur in the fuel is
emitted to air. Sulphur contents in different fuels have been obtained from
Preem (2016), Novator, St1 (2016) and the Swedish Waste Association
(2014) and are included in Appendix 4. “Limited abatement” corresponds to
emissions reported to SMP by facilities smaller than 50 MW (reduction
efficiency of 75-80 %) and “Advanced abatement” generally corresponds to
emissions reported by larger facilities (reduction efficiency of 95 - 98%).

For waste and tall oil, emissions are based solely on measurements reported
by companies.

Landfill gas

According to a report by the Swedish Waste Management Association
(Swedish Waste Management Association, 2014a), the H,S content in
landfill gas is usually around 100 ppm. As flue gas treatment is assumed to
be rare among the landfill gas fuelled boilers, SO, emissions may be
relatively high and the existing emission factor is suggested to be increased
and constant for the entire time series.



Time series

For all other fuels for which the emission factor has been revised, a
continued decreasing trend has been assumed for 1990-2014, based on the
existing time series. Increased SO, abatement has decreased the SO,
emission factor for most fuels. The current time series are in many cases
developed in 2004 and still represent the best available information for the
years up to 2004. Therefore, no changes have been proposed for emission
factors up to about 2000 — 2004. Later years have been revised by
interpolating from the last year that shows a decreasing trend.

Scenarios

The same assumptions as in the previous review of the emission factors for
scenarios are used and the future emission factors are assumed to stay
constant.

Table 3. Proposed revisions of sulphur dioxide emission factors for 2015.

Fuel type Current EF Proposed EF For scenarios 2020, 2025,
(9/GJ) (9/GJ) 2030, 2035 (g/GJ)

Coal 100 9 9
Wooden fuels 20 10 10
Peat 130 66 66
Waste 25 2 2
Tall oil 100 56 56
Landfill gas 0 8 8
NOy

The NOx emission factors are based on abatement-specific emission factors
(no abatement, SNCR, SCR or SNCR + SCR) and technology among
Swedish facilities. This information is in turn based on the register for NOx
charge. Implied emission factors have been calculated from the register for
those production facilities using mainly one single fuel type. For most fuels,
the implied emission factor calculated from the register is assumed to
represent national conditions although not all plants report to the register.
Comparing the NOx register to fuel amounts reported in the inventory for
the sector, the implied emission factors for the register cover about 80 % of
the fuel reported in the inventory for the last few years, and about 50-60 %
for earlier years.



In the NOx register, the fuel groups are in some cases aggregated on a
higher level than in the emission inventory. This is the case with “oil”, “gas”
and “biomass”. In these cases, the emission factors derived from the register
are assumed to be valid for all oil, gas or biomass fuels.

Wood fuels

There are many small boilers using wood fuels that may not be included in
the NOx register. A rough estimate of the biomass fuel included in the
register and that reported in the Swedish emission inventory showed that
about 25 % of the biomass fuel is missing in the register for 2014. The
estimate was done by comparing the sum of biomass and waste reported in
the NOx register and the emission inventory in order to account for certain
waste fractions that are allocated differently in the two datasets. Assuming
that all waste is accounted for in the NOx register, the resulting difference
should correspond to the biomass that is not reported to the register. The
approximated missing fuel amounts are accounted for in the calculations of
a national emission factor by assigning this amount to the “No abatement”
technology group. The resulting emission factor corresponds well with the
factor currently used, and therefore no revision is proposed.

Time series

The time series is based on the time series of the NOx register. The register
includes data from 1992, however, the first year is disregarded as it has
lower coverage and in many cases shows a much higher emission factor
than following years. For 1990-1992, the emission factors are extrapolated
from 1993.

Scenarios

For domestic heating oil, heavy fuel oil and tall oil, the assumptions for
future emission factors are about the same as in previous scenarios. For
LPG, gas works gas, natural gas, blast furnace gas, coke oven gas and steel
converter gas, the revised emission factors for 2015 are substantially lower,
which reduces the potential for further reduction that was projected in
previous scenario estimates. A small reduction is assumed for these fuels in
2030. For all other revised emission factors, the same assumptions as in
previous scenarios are used, however with the reduction delayed from 2020
to 2025.



Table 4. Proposed revisions of NOy emission factors for 2015.

Fuel type Current Proposed Scenarios Scenario | Scenarios
EF (9/GJ) | EF (9/GJ) 2020 (g/GJ) | s2025 2030, 2035
(9/GJ) (9/GJ)

Domestic 50 70 70 63 56
heating oil

Residual fuel oil 60 70 70 63 56
LPG 70 15 15 15 14.25
Gas works gas 70 15 15 15 14.25
Natural gas 50 15 15 15 14.25
Coal 80 30 30 30 30
Peat 70 40 40 40 40
Waste 50 40 40 40 40
Tall oil 130 80 80 72 64
Other biomass 110 60 60 60 60
PM and BC

TSP emissions are estimated based on plant abatement technology and
emission factors specified by abatement level according to the method
described under “Technology-based emission factors”. Technology-specific
emission factors are mainly derived from SMP, to which a substantial
amount of measurements of TSP are reported to make up a good basis to
estimate emission factors for limited and high abatement level facilities for
the most common fuels. For smaller plants that may not be included in
SMP, it is assumed that the level of abatement is low or non-existing and
corresponding emission factors have been obtained from TNO (Visschedijk
2004) or HASA (Klimont, Z. et al, 2002).

PMjo and PM; s emissions are not measured, and therefore these emission
factors have to be estimated as fractions of TSP. The current PM fractions
are in general higher than the default fractions in the EEA/EMEP
Guidebook 2013, which are based mainly on studies made by the US EPA.
Also neighbouring countries’ fractions are in general higher than the default
ones. A German study from 2007 (Ehrlich et al, 2007) also showed higher
fractions than proposed in the Guidebook when measuring at several power
plants.

As total emissions decrease due to improved flue gas treatment, the smaller
fractions make up a higher fraction of total TSP since the larger particles are
far easier to remove. The TSP emission factor has in many cases been
reduced substantially due to improved abatement, a fact that supports the



use of high PM fractions. Therefore, and in order not to underestimate
emissions of PM;o and PM s, the current PM fractions are kept and the
emission factors of PM;o and PM s are revised according to the TSP
revisions.

BC emission factors have not been updated due to lack of data. However,
since BC emissions are calculated as a fraction of PM, s in accordance to the
EMEP/EEA Guidebook 2013, the emission factors are updated accordingly
to updated PM, s emission factors.

Wood fuels

Many smaller boilers burn wood fuels. In a study from 2014 (Bubholz,
Buch and Kvist, 2014), the conditions at 31 biomass-fuelled heat and power
plants ranging from 2-12 MW were investigated, showing that all included
plants had some type of equipment for particulate abatement, where cyclone
was the most common. However, some also had ESP, textile filters and flue
gas condensation installed. The emission factor for TSP from biomass-
fuelled smaller plants should therefore be somewhat higher than for larger
plants with more sophisticated abatement technology. Emissions should
however be relatively small as even a cyclone separates most of the larger
particles from the flue gas, which contribute the most to the total particle
weight.

Time series

For TSP, the time series was updated by interpolating backwards in time
until a reasonable and even development was obtained. Updating the time
series for PMy and PM, s was done by using the fractions of TSP that are
currently used for 1990-2014.

Scenarios

Emission factor for scenarios have been updated in accordance with the
proposed revisions. In the previous overview from 2012, emission factors
for peat and waste were assumed to decrease in the future. However, as the
emission factors for these fuels for 2015 have been substantially reduced,
and since these fuels generally are combusted in large plants with less
potential for emission reductions, the emission factors are assumed to be
constant in future years for the new scenarios.

Also the emission factor for wood fuels for 2015 has been reduced
substantially. However, there is still some potential for further reduction for
these plants, especially since there are many smaller boilers with limited
flue gas treatment. The Industrial Emissions Directive (IED) is currently



being implemented in Sweden, and will likely have an impact on particle
emissions from these plants.

Table 5. Proposed revisions of particulate matter emission factors for 2015. Emission factors for
scenarios are not included as all emission factors are assumed to stay constant with the
exception of those for wood fuels, which are listed in a separate table.

Fuel type Current | Proposed | Current | Proposed | Current | Proposed
EF EF EF EF EF EF
TSP (g/GJ) PMy (9/GJ) PM, 5 (g/GJ)
Domestic heating oil 2 3 2 3 2 3
Residual fuel oil 10 9 10 9 8.3 7
Coke oven gas - 04 - 04 - 0.4
Blast furnace gas = 04 | - 04 |- 0.4
Steel converter gas - 04 - 04 - 0.4
Coal 20 0.2 19 0.2 16.6 0.2
Wood fuels 35 9 33 8.6 24.5 6.3
Peat 35 1 31.5 0.9 24.5 0.7
Waste 0.9 0.2 0.855 0.19 0.81 0.18
Other biomass 35 9 33.25 8.6 24.5 6.3

Table 6. Proposed revisions of BC emission factors for 2015. Emission factors for scenarios are
not included as all emission factors are assumed to stay constant with the exception of those for
wood fuels, which are listed in a separate table.

Fuel type Current Proposed
EF (9/GJ) | EF (g9/GJ)
Domestic heating oil 0.67 1.005
Residual fuel oil 0.465 0.418
Coke oven gas 0.022 0.009
Blast furnace gas 0.022 0.009
Steel converter gas 0.022 0.009
Coal 0.365 0.0037
Wood fuels 0.809 0.208
Peat 0.539 0.015
Waste 1.78*E-5 0.004
Other biomass 0.809 0.208




Table 7. Proposed revisions for scenarios for wood fuels.

2020 | 2025 | 2030-2035

PMy (g/GJ) = 8.6 | 82 7.7
PM,s(g/GJ) | 6.3 | 6.0 5.7
BC (g/GJ) | 0.21| 0.20 0.19
NH;

Revisions of emission factors for NH3 have been proposed for coal and
wood fuels based on emission and fuel data from SMP.
Time series

The existing time series for the emission factor for wood fuels is increasing
due to the fact that more facilities install NOx treatment, leading to higher
NH3 emissions. However, reported data shows substantially lower emissions
than expected, which is why the time series 1990-2014 is assumed to be
constant.

Scenarios

There are no changes from the previous review of the emission factors for
scenarios and the future emission factors are assumed to stay constant.

Table 8. Proposed revisions of ammonia emission factors for 2015.

Fuel type Current EF (g/GJ) | Proposed EF (g/GJ) | Scenarios 2020-2035 (g9/GJ)

Coal 2 0.5 0.5
Wood fuels 4 1 1
CO

Revisions of emission factors for CO have been proposed for coal, wood
fuels, peat and waste based on emission and fuel data from SMP. Since only
one measurement for peat was obtained from SMP, the emission factor was
assumed to be the same as for wooden fuels.



Table 9. Proposed revisions of carbon monoxide emission factors for 2015.

Fuel type Current EF (g/GJ) | Proposed EF (g/GJ)

Coal 40 8.7
Wood fuels 300 30
Peat 100 30
Waste 50 20
Time series

All revised time series for the CO emission factors were assumed to be
constant.

Heavy metals except mercury

For all heavy metals except mercury and emissions from waste incineration,
revised emission factors have been proposed based on assumptions of the
mass balance of the metal. Information on the metal content in the fuel and
metal mass separated in bottom ash have been obtained from Kol, Halsa,
Miljo (Vattenfall, 1983), a comprehensive Swedish study from the 80’s. As
emitted metals mainly are bound to particles, it is assumed that the same
abatement levels as for particulate matter are valid for metals. Emission
factors without abatement, with limited abatement and with advanced
abatement are calculated assuming abatement efficiencies of 80 % for
limited abatement and 99 % for advanced abatement.

There is some emission data reported to SMP. However, measurements of
metals are generally very uncertain since they consist of short-period
samples and do not necessarily represent the average emissions.

Waste

The metal content in waste varies substantially, and it is therefore difficult
to determine emission factors based on mass balances for metals. However,
waste incinerators generally have more stringent requirements on measuring
metal emissions and the data availability is therefore better for waste than
other fuels. Because of these reasons, proposed emission factors for metals
from waste incineration are based on reported measurement data.



Table 10. Proposed revisions of heavy metals emission factors for 2015.

Fuel type Current EF | Proposed EF | Current EF | Proposed EF
As (mg/GJ) Cd (mg/GJ)
Residual fuel oil 1.2 1 No change
Coal 3 1.4 0.5 0.1
Peat 6 1 1 0.1
Waste 1.2 2 0.3 0.5
Cr (mg/GJ) Cu (mg/GJ)
Domestic heating oil 0.5 0.4 No change
Residual fuel oil 0.7 0.5 5 3
Coal 10 3 10 3
Wooden fuels 3.3 3 10 6
Peat 6 2 10 3
Waste 1.6 2.5 1.6 10
Other biomass 3.3 3 10 6
Ni (mg/GJ) Pb (mg/GJ)
Domestic heating oil 0.8 0.7 2.4 2.5
Residual fuel oil 240 180 15 13
Coal 8 3 24 4
Wooden fuels 4.5 7 13 16
Peat 50 4 40 2
Waste 0.5 2 1.4 7
Other biomass 4.5 7 13 16
Se (mg/GJ) Zn (mg/GJ)
Domestic heating oil 0.2 0.2 1.6 2
Residual fuel oil 15 1.4 12 11
Coal 3 0.6 No change
Wooden fuels 2.2 0.8 480 100
Peat 5.6 0.5 30 8
Waste 1 0.5 2
Other biomass 2.2 0.8 480 100

Time series

In those cases where the revised emission factor for 2015 is lower than the
current emission factor that was obtained from Kol, Hélsa, Miljo
(Vattenfall, 1983) the current emission factor has been applied to 1983,
when the study was published. Between 1983 and 2015, the reduction of the



emission factor has been interpolated. In a few cases where the revised
emission factor is the same or higher than the current emission factor, the
time series is assumed to be constant due to lack of better information.

Mercury

Since mercury is emitted mainly in gas phase, emissions are not correlated
to particulate emissions to the same extent as for other metals. Mercury
emissions can be removed from the flue gas with special mercury abatement
technologies, but is also removed to some extent by equipment aimed at
removing for example sulphur. Revisions for mercury have been suggested
for coke oven gas and blast furnace gas as well as for coal.

Coke oven gas and blast furnace gas

For mercury emissions from the gases that are produced by the iron and
steel industry and used within the heat and power sector, revised emission
factors have been proposed based on emission measurements of the same
gases that are used within the iron and steel sector. According to the
company that produces the gases, no scrap material or other materials that
may contain mercury are added to the blast furnace oven’, why it can be
assumed that the blast furnace gas is free from mercury and that all mercury
from the raw material is contained in the coke oven gas. This is confirmed
by measurements made by the company. The mercury in the coal ends up
with the coke oven gas which is regularly monitored by measuring mercury
content in the flue gas from coke oven gas combustion within the plant. The
same measurements are used to estimate the emission factor for coke oven
gas used within the heat and power sector.

Coal

For mercury emissions from coal combustion, a revised emission factor has
been proposed based on the assumption that particulate filters and
desulphurization removes 75 % of the mercury from the flue gases
(Vattenfall, 1983). There are some measurements available for mercury
emissions from coal combustion which indicate a lower emission factor than
the suggested emission factors. However, as the measurements are
considered very uncertain, the calculated value is used.

Waste and Wood fuels

For waste and to some extent also for wood fuels, there are some
measurements available. For waste the measurements correspond very well

" Jonas Linde, Environmental engineer SSAB Europe Luled. Personal communication
2016-06-03.



with the existing emission factor and thus no revision is proposed. For wood
fuels the measurements indicate a slightly lower emission factor than the
existing one. However, again considering the uncertainties associated with
the measurements, no revision is proposed.

Table 11. Proposed revisions of mercury emission factors for 2015.

Fuel type Current EF (mg/GJ) | Proposed EF (mg/GJ)
Coke oven gas 3 0.6
Blast furnace gas 3 0
Coal 3 1
Time series

For coke oven gas and blast furnace gas, the time series have been assumed
to be constant due to lack of better information.

For coal, the current — higher — emission factor is assumed to be valid for
1990 as flue gas treatment has improved for Swedish coal power plants.
Between 1990 and 2015 values have been estimated by interpolation.

Dioxins

Dioxins are measured periodically by waste incineration facilities, but not
many other plants report dioxins to SMP. As dioxin emissions depend very
much on the combustion conditions, emission levels can vary substantially
and become very high during periods of poor combustion conditions.
Therefore, measurements may not represent the average emissions and some
caution must be taken when determining emission factors.

It is suggested to use default emission factors from the EEA/EMEP
Guidebook 2013 for those fuels where no emissions are reported (domestic
heating oil, residual fuel oil, LPG, natural gas, gas works gas, tall oil, diesel
oil and landfill gas).

Waste

The dioxin emission factor for waste is proposed to be reduced to about one
fourth of the current value, a conservative estimate based on the upper value
of a measurement campaign carried out in 2014 (Swedish Waste
Management Association, 2014b) This value reflects sub-optimal
combustion conditions and is chosen in order not to underestimate
emissions. If new data becomes available, such as continuous measurements
that better reflect average emissions, the emission factor should be reviewed
again. The proposed emission factor is higher than indicated by measured



emissions reported to SMP since reported emissions are considered
uncertain due to the varying nature of dioxin emissions. However, all
proposed dioxin emission factors are associated with high uncertainties.

Coal

For coal it is proposed to revise the current emission factor to the
EMEP/EEA default emission factor, which is much lower than the current
one. A few measured emission factors are obtained from SMP that are lower
than the proposed one. However, these stem from only a few periodic
measurements that cannot be assumed to represent the average emissions.

Wood fuels and peat

There are a few dioxin measurements for wood fuels, however, only from
large plants with high abatement levels, and emissions from these plants
vary substantially between years. There are many smaller, less well-
controlled plants with unknown dioxin emissions, which indicates that the
emission factor should be higher than the measurements imply. In order to
take the same precautionary measures as for other fuels, a revised emission
factor equal to that of waste is proposed.

The emission factor for peat is proposed to be revised to the same level as
that for wood fuels.

Table 12. Proposed revisions of dioxin emission factors for 2015.

Fuel type Current EF (ug/GJ) | Proposed EF (ug/GJ)
Domestic heating oil - 0.0005
Residual fuel oil - 0.0025
LPG - 0.0005
Gas works gas - 0.0005
Natural gas - 0.0005
Coal 0.1 0.01
Wood fuels 0.11 0.03
Peat 0.11 0.03
Waste 0.122 0.03
Tall oil - 0.000882
Diesel oil - 0.0005
Landfill gas - 0.0005

Other biomass 0.11 0.05



Time series

The time series for coal, wood fuels and peat are revised by using the
current emission factors for the years 1990-2004 and interpolating between
2004 and 2015.

The time series for dioxins from waste incineration have been updated from
2001 onwards. In 2005, new and more stringent regulations were put in
place, resulting in many facilities reducing their emissions. This has been
reflected in the time series by interpolating between the emission factor of
2000 and that of 2007. From 2007 onwards, the emission factor is assumed
to be constant.

PAH

For PAH, no new data is available. However, emission factors for coal, peat
and waste are proposed to be revised to the default values from the
EEA/EMEP Guidebook 2013. The current emission factors are based on old
emission factors from the EEA and the US EPA, and the new default
emission factors are considered to be more accurate.

For peat, the emission factor is proposed to be revised to that of wood fuels.
The current emission factor is based on Finish measurements that include all
PAH species and is most likely overestimating emissions.

For LPG, gas works gas, natural gas, coke oven gas, blast furnace gas, steel
works gas and landfill gas no emissions are currently reported, therefore it is
proposed to use the EMEP/EEA default emission factors.

Table 13. Proposed revisions of PAH 1-4 emission factors for 2015.

Fuel type Current EF (mg/GJ) | Proposed EF (mg/GJ)
LPG - 0.00308
Gas works gas - 0.00308
Natural gas - 0.00308
Coke oven gas - 0.00308
Blast furnace gas - 0.00308
Steel converter gas - 0.00308
Coal 0.5 0.0678
Peat 20 3
Waste 1 0.0045

Landfill gas - 0.00308



Table 14. Proposed revisions of benzo(a)pyrene emission factors for 2015.

Fuel type Current EF (mg/GJ) | Proposed EF (mg/GJ)
LPG - 0.00056
Gas works gas - 0.00056
Natural gas - 0.00056
Coke oven gas - 0.00056
Blast furnace gas - 0.00056
Steel converter gas - 0.00056
Coal 0.25 0.0007
Peat 7 1
Waste 0.3 0.0008
Landfill gas - 0.00056

Table 15. Proposed revisions of benzo(b)fluoranthene emission factors for 2015.

Fuel type Current EF (mg/GJ) | Proposed EF (mg/GJ)

LPG - 0.00084
Gas works gas - 0.00084
Natural gas - 0.00084
Coke oven gas - 0.00084
Blast furnace gas - 0.00084
Steel converter gas - 0.00084
Coal 0.1379 0.037
Peat 7.0631 0.8969
Waste 0.3213 0.0017
Landfill gas - 0.00084




Table 16. Proposed revisions of benzo(k)fluoranthene emission factors for 2015.

Fuel type Current EF (mg/GJ) | Proposed EF (mg/GJ)

LPG - 0.00084
Gas works gas - 0.00084
Natural gas - 0.00084
Coke oven gas - 0.00084
Blast furnace gas - 0.00084
Steel converter gas - 0.00084
Coal 0.108 0.029
Peat 5.536 0.3233
Waste 0.1705 0.0009
Landfill gas - 0.00084

Table 17. Proposed revisions of indeno(1,2,3-cd)pyrene emission factors for 2015.

Fuel type Current EF (mg/GJ) | Proposed EF (mg/GJ)
LPG - 0.00084
Gas works gas - 0.00084
Natural gas - 0.00084
Coke oven gas - 0.00084
Blast furnace gas - 0.00084
Steel converter gas - 0.00084
Coal 0.0041 0.0011
Peat 0.4009 0.78
Waste 0.2082 0.0011
Landfill gas - 0.00084
Time series

The time series for all fuels are assumed to be constant as there is no other
data available.

PCB, HCB and NMVOC

No revisions have been suggested for PCB, HCB and NMVOC due to lack
of data.



Greenhouse gases

CH,

For CHg, it is proposed to revise the emission factors for coal, wood fuels
and peat to the 2006 IPCC Guidelines default emission factors. This was
also recommended in a report from 2011 (Fridell, Stripple and Gustafsson,
2011), but was not implemented at the time, one reason being the fact that
the 2006 IPCC Guidelines were not yet implemented. The recommendation
for revision is based on the fact that the Swedish emission factors originate
from a report from 1995 (SEPA 1995) and are based on judgements made
by the Swedish EPA at the time. It is judged that the 2006 IPCC Guidelines
provide better estimates. Formation of CH, is dependent on combustion
conditions, where incomplete combustion conditions give rise to CH,4
emissions. There is no reason to assume that the Swedish combustion
conditions are much different than other countries and what is represented
by the default emission factors.

Time series

The time series for all fuels are assumed to be constant for all fuels as there
is no better data available.

Scenarios

The emission factors for wood and peat combustion for 2015 have been
reduced substantially, and therefore the future potential for further reduction
Is judged to be smaller than in the previous review of the emission factor
scenarios. However, there is still some reduction potential for these plants as
old plants are replaced with new ones with more well-controlled combustion
conditions.

For coal, the emission factor is not assumed to change in the future in
accordance with previous scenarios. Plants that are using coal in Sweden are
large and have well-controlled combustion conditions.

Table 18. Proposed revisions of CH, emission factors for 2015.

Fuel type Current Proposed EF | Scenarios Scenarios Scenarios
EF (9/GJ) | (g/GJ) 2020 (9/GJ) | 2025 (g/GJ) | 2030-2050
(9/GJ)
Coal 2 1 1 1 1
Wood fuels 30 11 11 9.9 8.8

Peat 20 11 11 9.9 8.8



N.O

Similar to CH,4, some revisions of the emission factors for N,O have been
proposed that were recommended already in the 2011 review (Fridell,
Stripple and Gustafsson, 2011). This concerns the emission factors for
domestic heating oil, residual fuel oil, tall oil, kerosene, diesel oil, other
petroleum fuels and other non-specified fuels. As for CH,, the current
emission factors are based on judgement made by the Swedish EPA for the
1995 report (SEPA 1995). However, there is no reason to believe that
Swedish conditions differ substantially from other countries.

Wood fuels and waste

For wooden fuels and waste revised emission factors have been proposed
based on measurement data reported to SMP.

Time series

The time series for all fuels are assumed to be constant as there is no other
data available.

Scenarios

For N0, the previous assumptions on unchanged future emission factors
are used and revised emission factors are assumed to be constant in the
scenarios.

Table 19. Proposed revisions of N,O emission factors for 2015.

Fuel type Current EF (g/GJ) | Proposed EF (g(GJ) | Scenarios 2020-2050
(9/GJ)
Domestic heating 2 0.6 0.6
oil
Residual fuel oil 5 0.6 0.6
Wooden fuels 6 3 3
Waste 6 4 4
Tall oil 5 0.6 0.6
Kerosene 2 0.6 0.6
Diesel oil 2 0.6 0.6
Other biomass 5 3 3
Other petroluem 2 0.6 0.6
fuels
Other non- 2 0.6 0.6

specified



CO, from waste incineration

The CO, emission factors for waste incineration were updated as well as the
heating value for waste.

Heating value

A survey on heating value was conducted in cooperation with the Swedish
Waste Management Association. The members of the trade association were
asked to fill out an Excel sheet with pre-defined formulas in order to
calculate the effective heating value in a consistent way. In short, the energy
in the produced steam is divided with the boiler efficiency, giving the
amount of energy in the fuel, which in turn is divided with the amount of
waste incinerated. A full description (in Swedish) of the method is provided
in Appendix 5. Note that the heating value for biomass is not the same as
that used in the emission inventory. This is due to the fact that activity data
in the emission inventory is sometimes given in tonnes and sometimes in
m?®. Thus, two heating values are used that are adjusted to the average
heating value of respective activity data. The heating value for biomass will
affect the calculations of the heating value for waste, where a lower biomass
heating value will yield a higher heating value for waste, and hence higher
emissions when multiplied with the emission factor.

The survey resulted in responses from 21 waste incineration facilities,
corresponding to roughly 80-90 % of the total incinerated waste. The
calculated weighted average of the responses was 10.51 MJ/kg, compared to
the current value of 10.78 MJ/kg. The new heating value is assumed to
represent all incinerated waste in Sweden and will be used for 2015.

Emission factors

Emission factors for fossil and biogenic CO, were calculated using data
reported to the national database for the EU Emissions Trading System.
Seven facilities have recently started to measure biogenic CO; emissions in
the flue gas using the **C method?, creating a better basis for national
emission factors than estimates of waste content. The current values were
established in 2013 (Sj6din et al, 2013) as Sweden started to report biogenic
carbon dioxide emissions from this source in addition to fossil emissions.
These emission factors were also based on **C measurements carried out by
the Swedish Waste Management Association in 2010 and 2011.

® The *C method measures the *C isotope in the flue gases. **C only exist in biogenic
material as the isotope over time decays to mainly *2C, wich is the isotope found in fossil
material.



The new facility-specific emission factors will be used to calculate
emissions from each of the seven waste incinerators that measure biogenic
CO; in flue gases, and weighted averages in respect to energy consumption
will be used for the rest of Sweden.

Time series

Both for the heating value and for the CO, emission factors, it is proposed to
use the new values for 2015 and to use previous values for 1990-2014. The
reason for this is that the current emission factors were developed only three
years ago and are based on the same type of data as the revised ones. There
is therefore no reason to assume that the new emission factors represent past
years better than the current emission factor. In the future, it is suggested
that the emission factors are updated more regularly, even on an annual
basis, in order to obtain a future time series that better reflects annual
variations.

Scenarios

As there is yet no trend for emission factors or heating value, future values
are proposed to be constant in regards to 2015.

Table 20. Proposed revision of national values for effective heating value and carbon dioxide
emission factors for 2015.

Current Proposed Scenarios 2020-
value value 2050
Effective heating value 10.78 10.51 10.51
(MJ/kg)
EF fossil CO, (kg/GJ) 33.95 38.65 38.65
EF biogenic CO, (kg/GJ) 60.37 56.05 56.05

EF total CO, (kg/GJ) 94.32 94.70 94.70



Impact on emissions

Some of the proposed emission factors are quite significantly lower than the
current ones applied for the Swedish air emission inventory. One of the
reasons for the lower emission factors is the technical development that has
taken place since the current emission factors were developed. In addition,
more measurement data from operating plants has become available in
recent years that can provide a better decision basis for new emission
factors.

The impact on emissions depends on the extent of the emission factor
revision as well as how large share respective fuel category constitute of the
sector. All emission time series are included in Appendix 6.

Air pollutants

Of the main pollutants, particles, CO and NH3; show the largest impact, with
much lower emissions with the revised emission factors. Particles show a
decreasing trend since the mid 1990°s with the revised emission factors
(Figure 1), whereas the trend was increasing from 2000 with the current
emission factors.
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Figure 1. EF revision impact on PM, 5 emissions.

Also for SO, and NOx, emissions with revised emission factors are notably
lower from around 2006 onwards (Figure 2 and Figure 3). For SO, there is a
more visible downward trend also for the last ten years compared to before
the revision.
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Figure 2. EF revision impact on SO, emissions.
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Figure 3. EF revision impact on NO, emissions.

For heavy metals, the new emissions are in general only slightly lower. For
selenium and zinc, however, emissions with revised emission factors are
substantially lower.

Revised dioxin emissions (Figure 4) are much lower from 2002 onward with
the revised emission factors and the trend from the mid 2000’s onward now
decreasing rather than increasing. The peak in 2010 and 2011 compared to
adjacent years is the result of higher activity data for those years.
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Figure 4. EF revision impact on dioxin emissions.

New PAH emissions are substantially lower for all PAHs except for
indeno(1,2,3-cd)pyrene, which has only decreased slightly.

Greenhouse gases

There is a small decrease in total greenhouse gas emissions and only a small
increase in the last year for CO, emissions. However, both CH, emissions
and N,O emissions are much lower with the revised emission factors
(Figures 5 to 8).
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Figure 5. EF and heating value revision impact on emissions of greenhouse gases (CO,
equivalents, only fossil CO, included)
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Figure 6. EF and heating value revision impact on fossil CO, emissions.
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Figure 7. EF revision impact on CH, emissions.
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Suggestions for future studies

Reviewing and updating all emission factors for the Swedish emission
inventory is a task that one can spend an almost unlimited time and effort
on. Within this project, those emission factors that are in the greatest need of
an update have been in focus and the main basis for revised emission factors
has been a selection of available data. More can be done in terms of
mapping the Swedish energy sector, further investigating the various fuels
that are used and looking closer into measurements and relation to
combustion conditions. However, it is important that efforts are focused
where it matters and therefore some issues that have come up in the current
project are listed below as suggested areas for future work.

1. Mapping of the Swedish boilers. Within the current project, many
assumptions on the distribution of Swedish boilers in regards to
combustion and flue gas treatment technology have been made.
Some are based on data sources such as SMP and the NOx register
and some are based on expert judgement. By collecting and
compiling this kind of information for the Swedish heat and power
plants, a better decision basis would be available for these
assumptions.

2. More data on emissions that are rarely measured. Some pollutants
are rarely measured and have the potential to be estimated more
accurately if data from ongoing and upcoming measurements can be
collected by continuing to build on the data that has been compiled
within the current project.

3. Reduction potential for scenarios. The future emission factors for
the scenarios are in the current project based on assumptions of the
reductions that are likely to occur in the future. There are in general
very large uncertainties connected to these assumptions, however
one way of reducing the uncertainties to provide more robust
scenarios is to investigate the minimum emissions expected for a
certain pollutant and fuel with regards to e.g. BAT. This would help
to ensure that the scenario estimates do not end up below the
technical limitations.

4. Improving scenario estimates. By combining the knowledge of point
1 and 3, scenarios can be made by using technology-specific
information, corresponding to what has been done in this project in
regards to NOy, SO, and PM. Future development of abatement
technologies in regards to coverage and cleaning efficiencies can
yield more transparent scenarios that are easier to update and to
compare to e.g. scenarios made in the GAINS model.



5. Other sectors. This project only includes the public heat and power
sector. However, emission factors for other activities may also be in
need of an update. Stationary combustion within the industrial sector
(CRF/NFR 1A2) will be treated in a second, upcoming project.
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Appendix 1

Table 21. Overview of emission factors for which a revision has been proposed.
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Landfill gas - N (0] N N X N N N N N N N N N N N N X X X X X X N
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Other
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- : Not included in the project

R: Revision of emission factor is proposed

O: No revision is proposed but current emission factor has been confirmed
N: No revision is proposed due to lack of data




Appendix 2

Table 22. Abatement technology coverage for calculation of SO, and PM emission factors.

Fuel type No abatement | Limited abatement | Advanced abatement
Domestic heating oil 95 % - 5%
Residual fuel olil 50 % 40 % 15 %
LPG 50 % 50 % -

Gas works gas 50 % 50 % -

Natural gas 50 % 50 % -
Coke oven gas 100 % - -
Blast furnace gas 100 % - -
Steel converter gas 100 % - -

Coal - - 100 %
Wood fuels 7% 5% 88 %

Peat - - 100 %
Waste - - 100 %
Tall oil - - 100 %
Kerosene 100 % - -
Diesel oll 100 % - -
Landfill gas 95 % - 5%
Other biomass 7% 5 % 88 %
Other petroluem fuels | 50 % 50 % -
Other non-specified 50 % 50 % -

Table 23. Abatement technology coverage for calculation of NOy emission factors.

Fuel type No abatement | SNCR | SCR | SCR+SNCR
Domestic heating oil 90% 10% - -
Residual fuel oil 90% 10% - -
LPG 43% - 57% | -
Gas works gas 43% - 57% | -
Natural gas 43% - 57% | -
Coke oven gas 43% - 57% | -
Blast furnace gas 43% - 57% | -
Steel converter gas 43% - 57% | -
Coal 21% 64% - 15%
Wood fuels 64% 30% 2% 4%
Peat 7% 55% - 38%
Waste 2% 90% 8% -
Tall oil - 100% | - -
Kerosene 100% - - -
Diesel ol 90% 10% - -
Landfill gas 90% 10% - -
Other biomass 27% 64% 2% 6%
Other petroluem fuels | 50% 50% - -
Other non-specified 50% 50% - -




Appendix 3

Table 24. Time series for revised emission factors that are not constant 1990-2015.

Pollutant

S02, kg/GJ

Nox, kg/GJ

TSP, g/GJ

Fuel type

Coal

Wood fuels

Peat

Waste

Tall ol

LPG

Gas works gas
Natural gas
Coke oven gas
Blast furnace gas
Steel converter gas
Coal

Wood fuels

Peat

Waste

Tall ol

Other biomass
Domestic heating oil
Coal

Wood fuels

Peat

Waste

Other biomass

1990
0.36
0.04
0.22
0.11

0.05
0.05

0.05
0.05
0.05
0.09
0.08
0.12
0.12
0.1
0.08
6

35
60
65

5

1995
0.13
0.025
0.15
0.06
0.14
0.04
0.04
0.04
0.04
0.04
0.04
0.07
0.07
0.10
0.07
0.10
0.07
3

30
47
48
1.4
47

2000
0.081
0.018
0.12
0.025
0.1
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.07
0.08
0.06
0.09
0.07
3

20

34

30
1.2
34

2005
0.057
0.016
0.10
0.017
0.087
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.07
0.07
0.05
0.09
0.07
3

13

22

15
0.9
22

2006
0.052
0.015
0.10
0.016
0.084
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.07
0.07
0.05
0.09
0.07
3

12

20

13
0.8
20

2007
0.047
0.014
0.094
0.014
0.081
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.07
0.06
0.05
0.09
0.07

11
19
12
0.7
19

2008
0.043
0.014
0.091
0.013
0.079
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.07
0.06
0.05
0.09
0.07

18
11
0.7
18

2009
0.038
0.013
0.087
0.011
0.076
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.06
0.06
0.05
0.09
0.06

17

0.6
17

2010
0.033
0.013
0.084
0.010
0.073
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.06
0.05
0.05
0.08
0.06

15

0.5
15

2011
0.028
0.012
0.080
0.008
0.071
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.06
0.05
0.05
0.08
0.06

14

0.5
14

2012
0.023
0.012
0.077
0.007
0.068
0.015
0.015
0.015
0.015
0.015
0.015
0.03
0.06
0.05
0.05
0.08
0.06

13
5
0.4
13

2013
0.019
0.011
0.073
0.005
0.065
0.015
0.015
0.015
0.015
0.015
0.015
0.03
0.06
0.05
0.04
0.08
0.06

12

0.3
12

2014
0.014
0.011
0.070
0.004
0.063
0.015
0.015
0.015
0.015
0.015
0.015
0.03
0.06
0.04
0.04
0.08
0.06

10

0.3
10

2015
0.009
0.010
0.066
0.002
0.060
0.015
0.015
0.015
0.015
0.015
0.015
0.03
0.06
0.04
0.04
0.08
0.06

0.2

0.2



Domestic heating oil | 6 3 3 3 3 3 3 3 3 3 3 3 3 3
Coal 33 29 19 13 11 10 9.0 7.7 6.5 5.2 4.0 2.7 1.4 0.2
Wood fuels 56 44 32 21 19 18 17 16 15 13 12 11 10 9
PM10, g/GJ
Peat 55 43 27 13 12 11 9.5 8.3 7.0 5.8 4.6 3.4 2.1 0.9
Waste 4.5 1.3 11 0.8 0.8 0.7 0.6 0.6 0.5 0.4 0.4 0.3 0.3 0.2
Other biomass 44 32 21 19 18 17 16 15 13 12 11 10 9
Domestic heating oil | 6 3 3 3 3 3 3 3 3 3 3 3 3 3
Coal 29 25 17 11 10 8.9 7.8 6.7 5.6 4.5 35 2.4 1.3 0.2
Wood fuels 42 33 24 15 14 13 13 12 11 10 9 8.1 7.2 6.3
PM2.5, g/GJ
Peat 42 33 21 10 9.3 8.3 7.4 6.4 5.5 4.5 3.6 2.6 1.7 0.7
Waste 4.0 1.2 11 0.8 0.7 0.7 0.6 0.5 0.5 0.4 0.4 0.3 0.2 0.2
Other biomass 33 24 15 14 13 13 12 11 10 9 8.1 7.2 6.3
Domestic heating oil | 2.0 1.005 | 1.005 | 1.005 | 1.005 | 1.005 | 1.005 | 1.005 | 1.005 | 1.005 | 1.005 | 1.005 | 1.005 | 1.005
Coal 0.639 | 0.548 | 0.365 | 0.245 | 0.221 | 0.196 | 0.172 | 0.148 | 0.124 | 0.100 | 0.076 | 0.052 | 0.028 | 0.004
BC, g/GJ Wood fuels 1.386 | 1.081 | 0.776 | 0.502 | 0.473 | 0.443 | 0.414 | 0.384 | 0.355 | 0.326 | 0.296 | 0.267 | 0.237 | 0.208
' Peat 0.930 | 0.732 | 0.462 | 0.225 | 0.204 | 0.183 | 0.162 | 0.141 | 0.120 | 0.099 | 0.078 | 0.057 | 0.036 | 0.015
Waste 0.088 | 0.026 | 0.024 | 0.017 | 0.016 | 0.015 | 0.013 | 0.012 | 0.011 | 0.009 | 0.008 | 0.007 | 0.005 | 0.004
Other biomass 1.081 | 0.776 | 0.502 | 0.473 | 0.443 | 0.414 | 0.384 | 0.355 | 0.326 | 0.296 | 0.267 | 0.237 | 0.208
Coal 3 2 2 2 2 2 2 2 2 2 2 2 1 1
As, mg/GJ
Peat 5 4 3 3 2 2 2 2 2 2 1 1 1 1
Coal 0.4 0.4 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1
Cd, mg/GJ
Peat 0.8 0.7 0.5 0.4 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.1 0.1
Coal 8 7 6 5 5 5 5 4 4 4 4 3 3 3
Wood fuels 3.2 3.2 3.1 3.1 3.1 3.1 3.1 3.1 3.0 3.0 3.0 3.0 3.0 3.0
Cr, mg/GJ
Peat 5 5 4 3 3 3 3 3 3 3 2 2 2 2
Other biomass 3.2 3.2 3.1 3.1 3.1 3.1 3.1 3.1 3.0 3.0 3.0 3.0 3.0 3.0
Coal 8 7 6 5 5 5 5 4 4 4 4 3 3 3
Cu, mg/GJ Wood fuels 9 9 8 7 7 7 7 7 7 7 6 6 6 6
Peat 8 7 6 5 5 5 5 4 4 4 4 3 3 3




Other biomass 9 9 8 7 7 7 7 7 7 7 6 6 6 6
Hg, mg/GJ Coal 3 3 2 2 2 2 2 1 1 1 1 1 1 1
) Coal 7 6 5 5 4 4 4 4 4 4 3 3 3 3
Ni, mg/GJ
Peat 40 33 26 18 17 16 14 13 11 10 8 7 5 4
Coal 20 17 13 10 10 9 8 8 7 7 6 5 5 4
Pb, mg/GJ Peat 32 26 20 14 13 12 10 9 8 7 6 4 3 2
Waste 100 7.5 14.8 12.2 11.7 11.1 10.6 10.1 9.6 9.1 8.6 8.0 7.5 7
Coal 2.5 2.1 1.7 1.4 1.3 1.2 1.1 1.1 1.0 0.9 0.8 0.8 0.7 0.6
Se, mg/GJ Wood fuels 19 1.7 15 1.2 12 1.2 11 11 1.0 1.0 0.9 0.9 0.8 0.8
Peat 4.5 3.7 2.9 2.1 1.9 1.8 1.6 15 1.3 11 1.0 0.8 0.7 0.5
Zn, mg/GJ Wood fuels 400 340 280 220 210 200 180 170 160 150 140 120 110 100
Coal 0.10 | 0.10 0.10 | 0.09 0.08 0.08 0.07 0.06 0.05 0.04 | 0.03 0.03 0.02 0.01
Wood fuels 0.11 0.11 0.11 0.10 0.10 | 0.09 0.08 0.07 0.07 0.06 0.05 0.04 | 0.04 0.03
Dioxin, pug/GJ Peat 0.11 0.11 0.11 0.10 0.10 | 0.09 0.08 0.07 0.07 0.06 0.05 0.04 | 0.04 0.03
Waste 0.7 0.12 0.122 | 0.061 | 0.045 ' 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Other biomass 0.11 0.11 0.11 0.10 0.10 | 0.09 0.08 0.07 0.07 0.06 0.05 0.04 | 0.04 0.03
CO2 (fossil), kg/GJ Waste 33.95 | 33.95 | 33.95 | 33.95 | 33.95 | 33.95 | 33.95 | 33.95 | 33.95 | 33.95 | 33.95 | 33.95 | 33.95 | 38.45
CO2 (biogenic), kg/GJ | Waste 60.37 | 60.37 | 60.37 | 60.37 | 60.37 | 60.37 | 60.37 | 60.37 | 60.37 | 60.37 | 60.37 | 60.37 | 60.37 | 56.45
CO2 (total), kg/GJ Waste 94.32 | 94.32 | 94.32 | 94.32 | 94.32 | 94.32 | 94.32 | 94.32 | 94.32 | 94.32 | 94.32 | 94.32 | 94.32 | 94.9




Appendix 4

Table 25. Sulphur contents for various fuels that are used for determination of emission factors.

Sulphur Heating | Abatement | Emissions, | Emissions

content value efficiency no control | with
(mg/kg) (MJ/kg) (mg/MJ) abatement
(mg/MJ)
Domestic 500 42.8 95 % 23 1.17
heating oil
Heavy fuel oil, | 500 42.5 95 % 24 1.2
lighter fraction
Heavy fuel oil | 4000 41.6 95 % 192 9.6
Wood fuel 350 11 95 % 73 3.6
(average)
Peat 2400 11 95 % 453 23
Coal 6000 27.2 98 % 441 8.8
Kerosene 3000 42.8 95 % 140 7.0

Landfill gas 70.6 17.64 95 % 8 0.4
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Survey instructions for determining effective heating value for waste.
Bestamning av effektivt varmevarde avfall
Bakgrund och syfte

| pagaende arbete med Naturvardsverket att forandra hanvisningsvarden for
EU-ETS har det uppkommit énskemal om att branschen dven ska inkomma
med effektivt varmevérde for avfall som forbranns i Sverige.

Varmevérde rapporteras i dagslaget bl.a till SCB och anvénds vid
framtagande av R1 faktor. Medlemmarna gor i dagslaget pa olika sétt vid
framtagande av effektivt varmevarde, da avfall &r svart att mata, eftersom
det &r svart att ta ut representativa prov.

Syftet &r att beskriva metodiken for bestamning av arsmedel effektivt
varmevarde (undre, lagre, net calorific value), Hi [MJ/kg], for avfall till
forbranning i Sverige for Avfall Sveriges medlemmar. Detta varde kommer
sedan rapporteras arligen i avfall web for att arligen kunna rapporteras till
Naturvardsverket.

Metod

Energi avgiven till anga (panneffekt) anvands och divideras med pannans
verkningsgrad, tillford energi i branslet erhalls darmed som produkt. Denna
produkt divideras med ton avfall forbrand och darigenom erhalls effektiva
varmevérdet

Formel 1: Tillford energi i bransle for avfall

Tillford energi i bransleg,sq; [MWh]
_ Upptagen energiidnga (panneffekt)[MWh]

verkningsgrad

Formel 2 : Effektivt varmevarde avfall

. [MJ1 Tillford energiibransleg,rqu [MWh
i |[=2] =
kg] [

= ] X 3.6
3.6 ar konstant for enhetsomvandling fran MW/ton till MJ/Kg

mangd avfall till forbraning | ton
Verkningsgrads bestamning
1. Mats pannverkningsgrad (direkt eller indirekt), anvand arsmedel

2. Om métning ej gors, anvand pannverkningsgraden pannleverantor angett



Vid forbranning av andra branslen samtidigt med eller i samma panna
som avfall

Om andra branslen &n avfall anvands i pannan ska dess tillférda
energimangder i branslet subtraheras fran "Tillford energi i bransle’ i formel
1 ovan.

De branslen som oftast anvénds ihop med avfall ar eldningsolja 1 och
biomassa (RT, GROT, skogsflis, etc). Da dessa branslen ar relativt
homogena har det bedomts som rimligt att vid berdkning av den tillférda
energin i brénslet anvénda sig av fasta varme varden for eldningsolja och
biomassa. Varmevéarden for biomassa ar hamtade fran Miljofaktahandboken
2011, bilaga A3. Vérdet for EO1 fran NIR.

Hi EO1 = 35,8 GJ/normalkubikmeter = 9,94 MWh/normalkubikmeter
Hi Biomassa = 9.5 MJ/kg = 2.6 MWh/ton
Formel 3: Tillford energi i bransle EO1

mangd eller volym olja till forbraning
HiEO1

Tillford energiibréansle ., =
[MWh]
Formel 4: Tillford energi i bransle Biomassa

. . , . . mangd BIOmassa till forbrannin
Tillfordenergi i branslegiomassa = g ! g

[MWh]

HiioMassa

Formel 5: Tillford energi i bransle avfall da EO1 och eller Biomassa
tillforts

Tillférd energi i bransleg,sq[MWAh]
Upptagen energi i anga (pannef fekt)

verkningsgrad
— Tillford energi i branslegp,
— Tillford energi i bransleg;omassa

Dérefter beréknas effektiva varmevérdet for avfall enligt formel 2.



Appendix 6

The impact of implementation of revised emission factors on emissions
within CRF/NFR 1Ala are shown below for each pollutant.
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Figure 9. Impact on SO, emissions.
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Figure 10. Impact on NOy emissions.
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Figure 11. Impact on TSP emissions.

5 A
4 ~ "\
3 /

0|||||||||||||||||||||

S PP PSP >E PO »
F PP S S N
NIRRT R AR AT AR AT AT DTS

== \\/ith existing EF

= \\ith revised EF

Figure 12. Impact on PM, 5 emissions.
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Figure 13. Impact on PM, emissions.
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Figure 14. Impact on BC emissions.
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Figure 15. Impact on NH; emissions.
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Figure 17. Impact on As emissions.
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Figure 18. Impact on Cd emissions.
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Figure 19. Impact on Pb emissions.
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Figure 20. Impact on Cr emissions.
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Figure 21. Impact on Cu emissions.
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Figure 22. Impact on Ni emissions.
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Figure 23. Impact on Se emissions.
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Figure 24. Impact on Zn emissions.
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Figure 25. Impact on Hg emissions.
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Figure 26. Impact on PAH1-4 emissions.
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Figure 27. Impact on benzo(a)pyrene emissions.
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Figure 28. Impact on benzo(b)fluoranthene emissions.

0,14

o =\
NN VAN

e
g 0,1 \ 4 \/ \
=
&
0,08 \
e e \/ith existing EF
0,06 . .
9 = \\ith revised EF
c
$0,04 AA AN
0,02
0 T T T T T T T T T T T T T T T T T T T T T T T T 1
O v ox o ® O QD X o DO O X
PRI TLFD N
N RTRTRDTRDTADT AR AR ADT ADT AT AT AP

Figure 29. Impact on benzo(k)fluoranthene emissions.
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Figure 30. Impact on indeno(1,2,3-cd)pyrene emissions.
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Figure 31. Impact on emissions of CO, equivalents.



14

=

o
—
-

o]
|

[e)]

I

Mt fossil CO,

O|||||||||||||||||||||

A R R S R SRR
P TP S
WTRTRTRDT R AR AR AT AR AR A

= \\ith existing EF
= \Vith revised EF

Figure 32. Impact on fossil CO, emissions.
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Figure 33. Impact on biogenic CO, emissions.
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Figure 34. Impact on CH, emissions.
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Figure 35. Impact on N,O emissions.
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