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1 Information on GHG emissions
and trends, GHG inventory including
information on national inventory
system

1.1  Greenhouse gas emissions from 1990 to
2011

The information in this chapter is a summary of the National Inventory Report of Swe-
den 2013, submitted to the UN Climate Convention and the Kyoto Protocol on invento-
ry of emissions and removals of greenhouse gases. For more detailed information, see
CTF Table 1.

1.1.1 Total emissions and removals of greenhouse gases

In 2011, Sweden emitted 61.4 million tonnes of carbon dioxide equivalent (Mt CO2 eq)
of greenhouse gases. Total emissions are shown in Figure 1.1. Compared with 2010,
that represents a reduction of 6%, and compared with 1990 a reduction of 16%. Apart
from high levels in 2010, the trend in Swedish greenhouse gas emissions since 1998 has
been downward. Emission levels have varied between a low of 59.3 Mt CO2 eq in 2009
and a high of 78.3 Mt CO2 eq in 1996. Between-year variations are largely due to fluc-
tuations in temperature and precipitation and to the economic situation.

The net sink attributable to the land use, land-use change and forestry (LULUCF) sector
has varied over the period. In 2011 it amounted to 35 Mt CO2 eq, which corresponds to
57% of total greenhouse gas emissions.
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Figure 1.1 Total greenhouse gas emissions from different sectors

The breakdown between greenhouse gases in 2011 is shown in Figure 1.2. In 2011,
carbon dioxide made up 79% of greenhouse gases emitted, or 48.7 Mt. The majority
(88%) of carbon dioxide emissions come from the energy sector. Emissions of methane
in 2011 totalled 5.0 Mt CO2 eq (8% of emissions), the main sources being agriculture
and waste. Nitrous oxide emissions amounted to 6.7 Mt CO2 eq, or 11% of the total. Of
these emissions, 73% originated from the agricultural sector. Emissions of fluorinated
greenhouse gases, reported in the industrial processes sector, made up 2%, or 1.1 Mt
CO2 eq, of aggregate greenhouse gas emissions.
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Figure 1.2 Greenhouse gas emissions in 2011 (excl. LULUCF) by gas, in carbon dioxide
equivalent terms

1.1.2 Emissions and removals of greenhouse gases by sector

The largest sources of emissions in 2011 were domestic transport (33%), manufacturing
industries (26%, of which fuel combustion contributed 15% and industrial processes
11%), energy industries (electricity and heat production, refineries and manufacture of
solid fuels) (17%) and agriculture (13%), as shown in Figure 1.3.
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Figure 1.3 Greenhouse gas emissions in 2011 (excl. land use), by sector.



Apart from the sharp fluctuations of the last few years, there is a clear downward trend
in emissions — see Figure 1.4, which shows total emissions broken down by sector. The
largest reductions in absolute terms are due to the replacement of oil with biofuels for
the heating of homes and commercial and institutional premises. Emissions from the
energy industries sector have varied from year to year and no clear trend can be dis-
cerned. Industrial use of energy has decreased since 1997, and emissions from industrial
processes show a slight decline. Emissions in the transport sector had increased in 2011,
compared with 1990. Agricultural emissions show a downward trend over the period.
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Figure 1.4 Greenhouse gas emissions and removals (incl. land use), by sector

1121 ENERGY INDUSTRIES

The energy industries sector (see Figure 1.5) includes production of electricity and dis-
trict heating, refineries and the manufacture of solid fuels. Sweden’s energy industries
are based largely on hydropower, nuclear power and biofuels. Fossil fuels serve as a
complement, often as a marginal fuel in cold weather. Greenhouse gas emissions there-
fore vary widely, depending on weather conditions in different years. In 2011, the sector
emitted 10.7 Mt CO2 eq of greenhouse gases, or 17% of the national total.
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Figure 1.5 Greenhouse gas emissions from the energy industries

Production of district heat is responsible for the largest greenhouse gas emissions in this
sector (5.3 Mt CO2 eq in 2011). Between 1990 and 2011, as the district heating system
expanded, the amount of heat produced more than doubled. This expansion was based
largely on biofuels, however, with the result that emissions of greenhouse gases remain
at roughly the same level as in 1990. Fossil fuels are used as a complement to biofuels.
Cold winters (like those of 1996 and 2010 in particular) increase the demand for district
heating, leading to higher emission levels. Unusually mild winters (as in 2000) have the
opposite effect, reducing heating demand and greenhouse gas emissions. Variations
from one year to another can therefore be dramatic: in 2011, for example, emissions fell
by 16% compared with 2010.

Emissions from electricity production (2.9 million tonnes of carbon dioxide equivalent
in 2011) show a similar pattern as district heat production. Hydropower and nuclear
power are the major source of electricity in Sweden. Fossil fuel combustion is used as a
complement when the demand is greater than the usual quantity of supply. This is the
case, for example, in cold winter days. The high emissions in 1996 were due to a cold
winter combined with poor access to hydropower owing to a dry summer. Since 1996,
the possibility to import and export electricity has greatly improved, and therefore the
variations are not as large in recent years. In 2010, emissions increased due to cold win-
ters and reduced availability of nuclear power. In 2011, emissions fell again due to good
access of hydropower and slight increased nuclear power production and warmer
weather.

Refinery emissions remained relatively constant over the period under review, at around
2 Mt CO2 eqg. Emissions from the manufacture of solid fuels are a minor category,
amounting to some 0.3 Mt CO2 eq annually.

1.1.2.2 INDUSTRIAL COMBUSTION

Greenhouse gas emissions from fuel combustion in manufacturing industries were 9.5
Mt CO2 eq in 2011 (see Figure 1.6), or 15% of national emissions. That is 21% lower



than in 1990. Emissions from this sector have varied up and down over the years, chief-
ly owing to economic fluctuations. In recent years (2002—11) there has been a down-
ward trend, partly due to a shift from oil to electricity and biofuels.
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Figure 1.6 Greenhouse gas emissions from industrial combustion

A small number of energy-intensive industries account for a large share of greenhouse
gas emissions in this sector. Iron and steel (16% of emissions), pulp and paper (13%)
and chemicals (13%) are responsible for almost equally large shares of the total. The
heterogeneous subsector ‘Other industries’ accounted for 52% of emissions in 2011.

Over a long period, industry has reduced its use of oil and increased its consumption of
electricity. Biofuels and electricity are now its most important sources of energy. Since
2002 emissions have shown a downward trend, one reason being the replacement of
fossil fuels with biofuels. The biggest change has occurred in the pulp and paper indus-
try, where the use of biofuels is most common.

The last recession saw a marked fall in emissions, especially in 2009. In 2010 they rose
again, owing to higher volumes of production and demand for energy. In 2011, reduced
energy demand and a modest decrease in production in some industries led to a decline
in emissions compared with 2010.
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Figure 1.7 Greenhouse gas emissions from transport

In 2011, emissions of greenhouse gases from domestic transport amounted to 20 Mt
CO2 eq, which is a third of the national total. Emissions were 4% higher in 2011 than in
1990. Since 2005, however, there has been a slight downward trend (see Figure 1.7).

The majority of emissions come from cars (11.7 Mt CO2 eq) and heavy-duty vehicles
(6.7 Mt CO2 eq). Emissions from cars have fallen by 9% compared with 1990, despite
growth in traffic. This is a result of more energy-efficient vehicles and greater use of
biofuels. The decrease for cars is offset by a 44% rise in emissions from heavy-duty
vehicles over the same period. The increase in transport activity involving heavy vehi-
cles is due partly to the restructuring of society towards specialisation, centralisation
and globalisation, resulting in goods being transported over ever greater distances.

Greenhouse gas emissions from domestic aviation were 0.5 Mt CO2 eq in 2011, 22%
down on 1990 levels. The decline is due to more efficient aircraft and higher cabin fac-
tors, but also to stricter security requirements, which have made it more complicated
and time-consuming to fly, reducing domestic aviation’s advantages over rail and road
transport.

For domestic shipping, emissions in 2011 were estimated at 0.5 Mt CO2 eq. Over the
period, emissions from this source varied in a pattern reflecting fluctuations in the eco-
nomic situation. No trend can be discerned.

Sweden’s railways are largely electrified, with only a few smaller lines served by diesel-
hauled trains. Emissions from rail transport have been almost halved since 1990 and
now stand at just 0.07 Mt CO2 eq.



1.1.2.4 EMISSIONS FROM OTHER SECTORS

Greenhouse gas emissions from ‘Other sectors’, i.e. fuel combustion in the commercial
and institutional, residential, and agriculture, forestry and fisheries sectors, come pri-
marily from stationary combustion (heating in homes, non-residential premises, agricul-
ture, forestry and fisheries), but also from mobile combustion (mobile machinery, off-
road vehicles and fishing boats). In 2011, emissions were 3.7 Mt CO2 eq, or 6% of the
national total.
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Figure 1.8 Greenhouse gas emissions from ‘Other sectors’

Since 1990, emissions have fallen by 67%, mainly owing to lower emissions from heat-
ing of homes and premises (see Figure 1.8). There are several reasons for this trend: the
shift from oil-based heating to district heating and electricity, increased use of heat
pumps and pellet-fired boilers, and measures to improve energy efficiency. Another
contributory factor behind the positive trend is the mild weather experienced most years
since 1990. Emissions from mobile combustion are very low, but rising.

1124 MILITARY

Emissions from military transport have fallen sharply since 1990, reflecting restructur-
ing of the Swedish Armed Forces over the period. In 2011, emissions amounted to 0.2
Mt CO2 eq (see Figure 1.9).
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Figure 1.9 Greenhouse gas emissions from military transport

1125 FUGITIVE EMISSIONS

Fugitive emissions are a minor category, accounting for 1 Mt CO2 eq or 1.6% of na-
tional emissions. Sources include refineries, flaring in the iron and steel industry, and
handling of fuels, for example at filling stations. Emissions rose sharply in 2006 owing
to the commissioning of two hydrogen production facilities, an increase that is clearly
evident in Figure 1.10.
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Figure 1.10 Fugitive emissions

1.1.26 INDUSTRIAL PROCESSES

Emissions of greenhouse gases from industrial processes totalled 6.7 Mt CO2 eq in
2011, or 11% of national emissions. This represents a rise of 5% since 1990 (see Figure
1.11).



Million tonnes CO,-eq

o B N W ~ U1 O N

O 4 N O S 1N O 0 O O d &N O S 1 W NN W O O «
DDA DD DO DO O O O O O O O O O d o
A O OO OO OO O O O OO O O © © © © © © © © © O o
A A d d d +d +d d -dddd\ddd~~JJ~~~S
® Mineral Products ® Chemical Industry
 Metal Production M Other Production

H Consumption of halocarbons and SF6

Figure 1.11 Emissions of greenhouse gases from industrial processes

The largest emission sources are iron and steel production and the cement and lime
industry. Others include the use of coke in blast furnaces, of limestone and dolomite in
the minerals industry, and of coal in copper production. Emissions of fluorinated green-
house gases are also reported in this sector.

Emissions have varied since 1990, mainly owing to changing volumes of production
linked to economic fluctuations. With the exception of 2009, which saw a dramatic fall
in emissions due to the recession, overall emissions show a modest decline since 2004.
Trends vary from one industry to another. Emissions from the mineral products sector
have risen, while those from the chemical industry fell over the period. Emissions of
fluorinated greenhouse gases — halocarbons and sulphur hexafluoride (SF6) — have in-
creased since 1992, but began to stagnate around 2008.

1.1.2.7 SOLVENT AND OTHER PRODUCT USE

Greenhouse gas emissions from the use of solvents and other products amounted to 0.3
Mt CO2 eq in 2011, or 0.5% of national emissions. Compared with 1990, this represents
a reduction of 11%, primarily due to a shift from oil- to water-based paints (see Figure
1.12).
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Figure 1.12 Greenhouse gas emissions from solvent and other product use

11238 AGRICULTURE

Agriculture is the largest source of emissions of methane and nitrous oxide. In 2011, the
sector’s emissions of these greenhouse gases came to 7.8 Mt CO2 eq, representing 13%
of national emissions. Total emissions from agriculture have fallen by 14% since 1990
(see Figure 1.13).
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Figure 1.13 Emissions of greenhouse gases from agriculture

Enteric fermentation in livestock (chiefly cattle) gives rise to methane emissions. These
emissions have fallen by 13% since 1990, amounting to 2.6 Mt CO2 eq in 2011. The
principal reason for the reduction is a decline in the livestock population, with a de-
crease of 12% in the number of cattle between 1990 and 2011.

Manure management produces emissions of methane and nitrous oxide. Aggregate
emissions from this source have decreased by 23%, from 1.0 Mt CO2 eq in 1990 to 0.7
Mt CO2 eq in 2011. The main reason for the decline is a reduction in the quantities of
animal manure, due to falling numbers of dairy cattle and pigs.



Agricultural soils are another major source of nitrous oxide emissions, contributing 4.4
Mt CO2 eq in 2011, a reduction of 12% compared with 1990. The decrease is due to
declining use of both mineral fertilisers and animal manure. To some extent, action
programmes to curb nitrogen losses from agriculture have reduced indirect emissions of
nitrous oxide from leached nitrogen and from ammonia deposition. An expansion of
slurry management in pig and dairy farming has also played a significant role in bring-
ing down nitrous oxide emissions from the agricultural sector.

1.1.29 LAND USE, LAND USE CHANGE AND FORESTRY

Over the period 1990-2011, the land use, land-use change and forestry sector represent-
ed an annual net sink, as a result of carbon dioxide from the atmosphere being taken up
by vegetation and incorporated in biomass. This net removal varied between 27 and 38
Mt CO2 eq (see Figure 1.14). In 2011, it amounted to 35 Mt CO2 eq, corresponding to
57% of national greenhouse gas emissions. Sweden has a rolling sampling system based
on permanent plots. Data for 2008-11 involve greater uncertainty than the rest of the
time series, as not all plots were surveyed for those years.
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Figure 1.14 Greenhouse gas emissions and removals from land use

Forest land is the land-use category accounting for the majority of removals in this sec-
tor (39.3 Mt CO2 eq in 2011). The long-term trend points to a slight decline in removals
from land use. This is due primarily to increased felling, but also to two severe storms:
Gudrun at the beginning of 2005 and Per early in 2007. Winter storm Gudrun brought
down a large quantity of timber, 75 million m3 standing volume (Swedish Forest Agen-
cy 2006).

According to the Forest Agency, gross fellings varied between 64 and 96 million m3
standing volume over the period 1990-2011, with the exception of 2005, when felling,
including windthrow, was estimated at 122 million m3 (Swedish Forest Agency 2013).



Cropland is a net source of greenhouse gases, as the cultivation of organic soils gives
rise to emissions. These varied between 1.3 and 2.7 Mt CO2 eq in the period 1990
2011.

At a national level, grassland, wetlands and settlements represent very small areas (and
associated changes in carbon stocks) compared with forest land, resulting in greater
uncertainty in the data. The change in the stock of carbon in grasslands and wetlands is
small (0.06 Mt CO2 eq in all in 2011). Emissions from settled land ranged from 1.3 to
2.9 Mt CO2 eq between 1990 and 2011.

1.1.2.10 WASTE

Emissions of greenhouse gases from the waste sector have been halved since 1990 and
show a downward trend (see Figure 1.15). In 2011, they stood at 1.7 Mt CO2 eq, or
around 3% of total greenhouse gas emissions.
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Figure 1.15 Emissions of greenhouse gases from waste sector

In 2011, emissions of methane from landfills due to organic waste decomposition repre-
sent over two-third of the whole sector. Emission of methane from landfills comes in
second place after livestock.

Methane emissions have declined steadily since the early 1990s, partly because of the
amount of waste sent to landfill has declined and as a result of increased collection and
management of methane gas from landfills. The amount of waste sent to landfill has
decreased mainly due to the ban on landfilling of combustible and organic materials
introduced in 2002 and 2005 respectively. In addition, waste producers, municipal
waste management plans and waste tax have altogether contributed in the reduction of
waste amounts.

Emission from wastewater has fallen by 10 % since 1990 due to improved sludge treat-
ment.

Emission from the combustion of hazardous waste has increased slightly in recent years
compared to 1990-2002 due to increased amount of waste incineration.



11211 INTERNATIONAL BUNKERS

Greenhouse gas emissions from international shipping and aviation, known as interna-
tional bunkers, are considerably larger than those from domestic shipping and aviation.
In 1990, they amounted to 3.6 Mt CO2 eq. Since then, they have risen sharply, peaking
in 2007. In 2011, emissions were 8.3 Mt CO2 eq, a full 129% higher than in 1990. See
Figure 1.16.
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Figure 1.16 Emissions of greenhouse gases from international bunkering

The majority of these emissions come from shipping, which contributed just over 6.0
Mt CO2 eq in 2011, a rise of 164% since 1990. International freight transport activity
has increased, as the volume of goods transported has grown and globalisation of trade
and production systems has led to goods being transported over greater distances. An-
other factor is that Swedish refineries produce low-sulphur marine fuels (fuel oil nos. 2—
5), meeting strict environmental standards. This has led to more shipping companies
choosing to refuel in Sweden. Fluctuations in bunker volumes between years are also
dependent on fuel prices in Sweden compared with ports in other countries.

Greenhouse gas emissions from international aviation bunkers amounted to 2.3 Mt CO2
eq in 2011, which was 70% higher than in 1990. The trend points to a rise in these
emissions, owing to growth in foreign travel.

The Swedish Armed Forces bunker extremely small quantities of fuel in Sweden for
operations abroad.

International bunker fuel emissions are not covered by any existing international com-
mitments on emission reductions, but as from 2012 aviation is included in the EU Emis-
sions Trading System.

1.2 The National system

In accordance with the Kyoto Protocol and the associated Decision 20/CP7*, as well as
EU Decision No 280/2004/EC concerning a mechanism for monitoring Community

! UNFCCC 2002. FCCC/CP/2001/13/Add. 3.



greenhouse gas emissions, Sweden has established a national system for the inventory
and reporting of emissions and removals of greenhouse gases. The system came into
effect on 1 January 2006 and is described in detail in Sweden’s annual National Inven-
tory Report, submitted to the UNFCCC Secretariat.

The KP-reporting of LULUCF uses the same institutional arrangements, national sys-
tem and corresponding QA/QC procedures as for the UNFCCC reporting.

This account of the national system is a summary of the information in sections 1.2-1.3
of the National Inventory Report.

1.2.1 Legal arrangements

The legal basis for Sweden’s national system is provided by the Ordinance on Climate
Reporting (SFS 2005:626), which describes the roles and responsibilities of the relevant
government agencies in this area. The Ordinance ensures that sufficient capacity is
available for reporting.

Sweden also has legislation which indirectly supports the work of climate reporting by
providing a basis for estimating greenhouse gas emissions and removals. Environmental
reports are submitted under the Environmental Code (SFS 1998:808), and the Official
Statistics Act (SFS 2001:99) imposes an obligation to submit annual data. In addition,
government agencies have to comply with the Secrecy Act (SFS 1980:100) and to ar-
chive documents in accordance with the Archives Act (SFS 1990:782).

1.2.2 Institutional arrangements

To prepare the annual inventory and other reports, cooperation takes place between the
Ministry of the Environment, the Swedish Environmental Protection Agency, other
government agencies and consultants (see Figure 1.17).
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Figure 1.17 The Swedish national system.

The Ministry of the Environment is responsible for the national system and for ensuring
that Sweden meets international reporting requirements in the area of climate change.
The Swedish Environmental Protection Agency is responsible, on behalf of the Ministry,
for producing data and drafts for the required reporting. The Agency is thus responsible
for coordinating Sweden’s national system for climate reporting and for maintaining the
necessary reporting system. Under contract to the Swedish Environmental Protection
Agency, consultants (SMED?) process data and documentation received from the vari-
ous government agencies, as well as data they have produced themselves, and calculate
Swedish greenhouse gas emissions and removals. A range of other government agencies
participate in the national system (see Figure 1.17), with responsibility for different
parts of the inventory process (see Table 1.1).

2 SMED = Svenska MiljoEmissionsData (Swedish Environmental Emissions Data), a consortium comprising
Statistics Sweden (SCB), the Swedish Meteorological and Hydrological Institute (SMHI), IVL Swedish Envi-
ronmental Research Institute and the Swedish University of Agricultural Sciences (SLU).



Table 1.1 Responsibilities of government agencies under the Ordinance on Climate Report-
ing (SFS 2005:626)

Sector Data and documentation National peer re- Other responsibilities
view
Energy Swedish Energy Agency Swedish Energy Swedish Energy Agency
Swedish Transport Administra- Agency responsible for documentation
tion of flexible mechanisms, projec-
Swedish Transport Agency Transport Analysis  tjons and documentation of
Swedish Maritime Administration national registry
Swedish Armed Forces
Industrial Swedish Chemicals Agency Swedish Environ-
processes (fluorinated greenhouse gases) mental Protection
Agency
Swedish Chemicals
Agency
Solvent and  Swedish Chemicals Agency Swedish Chemicals

other product
use
Agriculture

Land use,
land-use
change and
forestry

Waste

Reporting of
initiatives
involving
cooperation
with develop-
ing countries

Swedish Board of Agriculture
Statistics Sweden

Swedish University of Agricul-
tural Sciences

Statistics Sweden

Swedish Forest Agency
Swedish Meteorological and
Hydrological Institute (SMHI)
Swedish Board of Agriculture

Agency

Swedish Board of
Agriculture

Swedish Forest
Agency

Swedish Board of
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1.2.4

Contact details of organisation responsible

Inventory planning, preparation and management

The Swedish inventory is compiled in accordance with the various reporting guidelines
drawn up by the Intergovernmental Panel on Climate Change (IPCC) and the UNFCCC.
The national system is designed to ensure the quality of the inventory, i.e. to ensure its
transparency, consistency, comparability, completeness and accuracy. The Swedish
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quality system is based on the structure described in UNFCCC Decision 20/CP7 and
applies a PDCA (plan—-do—check-act) approach.

1241 PLANNING AND DEVELOPMENT

In any given year, priorities are set on the basis of recommendations received from
international and national reviews, the results of key category analysis, uncertainty
analysis, ideas for improvements from the Swedish Environmental Protection Agency
and SMED, and new requirements, arising for example from international decisions.

Based on these criteria, the Swedish Environmental Protection Agency decides on de-
velopment projects, which are undertaken by SMED. On completion of these projects,
the results are implemented in the inventory.

1.2.4.2 PREPARATION

Government agencies supply activity data to SMED, which also gathers activity data
from companies and sectoral organisations, and from environmental reports. Emission
factors may be plant-specific, developed at a national level, or IPCC default factors.
Methods used to estimate emissions comply with current requirements and guidelines.

1.2.4.3 QUALITY CONTROL AND QUALITY ASSURANCE

All data are subjected to general inventory quality control (Tier 1), as described in the
IPCC Good Practice Guidance (2000), Table 8.1. Certain sources also undergo addi-
tional checks (Tier 2). All quality control is documented by SMED in checklists. Data
are also validated using the checks built into the CRF Reporter tool.

Quality assurance is carried out in the form of a national peer review by government
agencies, as provided in Ordinance 2005:626 (see above). This national review covers
choice of methods, emission factors and activity data. The reviewers also identify po-
tential areas for improvement in future reporting. Their findings are documented in
review reports.

In addition, reporting is reviewed annually by the EU and UNFCCC.
1.2.4.4 FINALISATION, PUBLICATION AND SUBMISSION.

The Swedish Environmental Protection Agency supplies a draft report to the Ministry of
the Environment in mid-December. At the same time, the results are published national-
ly. The Environmental Protection Agency submits the inventory to the EU on 15 Janu-
ary and to the UNFCCC on 15 April.

1.2.45 FOLLOW-UP AND IMPROVEMENTS

Each year, suggestions for improvements from the national and international reviews,
and from SMED and the Swedish Environmental Protection Agency, are compiled into
a list. Based on this list, priorities are set and development work is carried out in prepa-
ration for next year’s reporting. Any suggestions not implemented one year remain on
the list for consideration in subsequent years.

The Environmental Protection Agency also undertakes an annual follow-up with gov-
ernment agencies that have supplied input data, to maintain the accuracy of data in sub-
sequent reporting.



1.25 Information on changes in the national system

There have been no material changes to the national system since the previous National
Communication or Biennial Report. Owing to a national reorganisation of government
agencies, certain agencies forming part of the system have been reorganised and

changed their names. Their functions in the national system remain the same, however.

1.3 References
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verkning i hela landet (Table 7.9 Gross fellings by assortments: The entire country),
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virkesmatning/Tabeller--figurer/



http://www.skogsstyrelsen.se/Myndigheten/Statistik/Amnesomraden/Avverkning-och-virkesmatning/Tabeller--figurer/
http://www.skogsstyrelsen.se/Myndigheten/Statistik/Amnesomraden/Avverkning-och-virkesmatning/Tabeller--figurer/

2  Quantified economy-wide
emission reduction target

The EU and its Member States have communicated an independent quantified econo-
my-wide emission reduction target of a 20 per cent emission reduction by 2020 com-
pared with 1990 levels. This is documented in the UNFCCC document
FCCC/SB/2011/INF.1/Rev.1 of 7 June 2011. In the EU submission to the UNFCCC
from 20 March 2012 (FCCC/AWGLCA/2012/MISC.1) the EU target is further ex-
plained.

Sweden will as a part of the European Union take on a quantified economy-wide emis-
sion reduction target jointly with all member states. The EU's commitment to meet the
20% target is underlined by the fact that it is already enshrined in EU legislation, and is
being implemented by the EU and its Member States. At the heart of this legislation sits
the EU “Climate and Energy package”. This includes the EU Greenhouse Gas Emis-
sions Trading System (ETS) and the Effort Sharing Decision (ESD) , Under Effort
Sharing Decision No 406/2009/EC Sweden will take on a target of reducing emissions
that are not included in the EU-ETS, with 17% between 2005 and 2020.

The use of carbon credits from international market-based mechanisms is explained in
the EU submission from 2012.

With regard to the role of LULUCEF, the EU pledge under the convention does not in-
clude emissions/removals from Land Use, Land-Use Change and Forestry, while the
national commitment under the second commitment period of the Kyoto Protocol in-
cludes the LULUCF sector according to 2/CMP.7, 1/CMP.8 and 2/CMP.8. No decision
has yet been made whether Sweden will account any of the voluntary activities under
article 3.4 of the Kyoto protocol.



3  Progress in achievement of
quantified economy-wide emission
reduction targets and relevant in-
formation

This chapter describes Policies and measures in Sweden’s climate strategy and their
effects, a summary table is found in CTF table 3.

3.1 Background

Sweden has introduced a range of policies and measures directly or indirectly affecting
greenhouse gas emissions. The emphasis in the country’s climate strategy is on the use
of general economic instruments, but in many cases these are supplemented with target-
ed measures, for example to support the development and market introduction of tech-
nology and eliminate barriers to energy efficiency. Many instruments which interact
with carbon dioxide tax and emissions trading have also been adopted to achieve other
policy goals than the climate objective, such as energy policy objectives.

Since the early 1990s, two key instruments in reducing Swedish emissions have
been the energy and carbon dioxide taxes. These taxes have been supplemented with
other instruments, however, such as technology procurement, information, a differenti-
ated annual vehicle tax and investment grants. Legislation, for example involving pro-
hibitions and relating to planning, also plays a part in curbing emissions, primarily in
the waste sector. In recent years, EU-wide policy instruments, in particular the Emis-
sions Trading System (EU ETS), have assumed growing importance in Sweden.

At the same time, the design of spatial planning and other instruments long
established in Sweden has also very much defined the framework for the developments
of recent decades. Of particular importance are earlier decades’ investments in an ex-
pansion of district heating networks, public transport systems and carbon-free produc-
tion of electricity.



Table 3.1 Existing policies and measures of significance for Sweden’s climate strat-
egy. EU instruments are marked in bold.

Cross- Energy supply | Industry Transport Residential | Agriculture |Waste
sectoral
e Emissions e Emissions e Emissions e CO;standards for * Energy per- e Rural Devel- | e Banson
trading trading trading new vehicles formance opment Pro- landfill dis-
e Energy and e Energy and e Energy and e Energy and carbon certificates gramme posal
carbon dioxide carbon dioxide carbon dioxide dioxide taxes e Energy and e Energy and e Methane
taxes taxes taxes o Taxrelief on transport | carbon dioxide | carbon dioxide | recovery
e Environmental | e Electricity e F-gas Regula- biofuels/quota obliga- taxes taxes e Recycling
Code certificates tion tion e Ecodesign e Support for e Producer
e Planning and o Special initia- e COy-based annual Directive and biogas responsibility
Building Act tives in support vehicle tax energy label- | e Advice e Municipal
e Research and of wind and solar o Incentives for green ling waste plans
development power vehicles  Building
o Definition of green regulations
vehicles o Energy advice
o Car benefit taxation e Technology
o Infrastructure plan- procurement
ning

Source: Government Offices of Sweden 2013

Given the large number of policies and measures, many of them introduced to achieve
other goals as well as those relating to climate, it can be difficult, after the event, to
evaluate the exact progress made towards the objectives. And because several instru-
ments interact, it is also hard to distinguish the effect of any one of them from those of
the others. Furthermore, picking out the effects of policy instruments from the impacts
of other, external changes is often complicated. This is particularly clear as regards
developments over the past decade. During this period, several instruments of signifi-
cance for the climate strategy have been introduced or tightened up in Sweden, in paral-
lel with a sharp rise in energy prices. A solid conclusion, though, is that energy and
carbon dioxide taxes have been key instruments in achieving policy objectives in the
area of energy and climate.

Yet another difficulty in evaluating policies and measures in Sweden is that
instruments which reduce electricity consumption or increase the production of carbon-
free electricity have only a limited impact on carbon dioxide emissions inside Sweden’s
borders, owing to the fact that the electricity market is Nordic/north European and,
moreover, has been covered by the EU ETS since 2005.

It should also be noted that, even before 1990, there were instruments in the
Swedish energy sector with a similar steering effect to those used after 1990, in that
incentives were created early on for the introduction of bioenergy and an expansion of
district heating. For the energy supply sector and the residential and commer-
cial/institutional sector, therefore, it may be difficult to distinguish the additional effects
of policy instruments introduced in Sweden after 1990 from the effects that might oth-
erwise have arisen if instruments had not been tightened up.



3.2 Cross-sectoral instruments

Energy and carbon dioxide taxes

The Swedish system of energy taxation is based on a combination of a carbon dioxide
tax, an energy tax on fuel, an output tax on nuclear power and a consumption tax on
electricity. Taxes on energy have existed for a long time. A tax on petrol and diesel was
introduced as early as the 1920s, while heating fuels and electricity have been taxed
since the 1950s. An energy tax is levied on fossil fuels, based in the case of heating
fuels on their energy content. In 2013 the energy tax on natural gas, coal and fuel oil
was the equivalent of SEK 0.082/kWh. The energy tax on petrol (environmental class 1)
corresponds to SEK 0.346/kWh and that on diesel (environmental class 1) to SEK
0.177/kWh (Swedish Tax Agency 2013a). The carbon dioxide tax was introduced in
1991 as part of a broader tax reform and has been raised in stages over the years, from
SEK 0.25/kg CO, to SEK 1.08/kg CO, in 2012 (Swedish Environmental Protection
Agency 2012a). It is charged at a rate that is expressed per unit of weight or volume of
fuel, calculated on the basis of the fuel’s fossil carbon content. This means that biofuels
are not taxed. The carbon dioxide tax base can be summed up as comprising the fossil
fuels covered by the EU’s Energy Taxation Directive, which means that the tax does not
apply to peat. Up to 2015, some relief from carbon dioxide tax will be granted for natu-
ral gas and liquefied petroleum gas (LPG) used in motor vehicles, ships and aircraft
(Swedish Tax Agency 2013a). As from 2015, though, the same general level of carbon
dioxide tax will apply in calculating the rates of this tax for all fossil fuels.

As from 1 January 2013, combined heat and power (CHP) production covered
by the EU ETS is completely exempt from carbon dioxide tax, but is liable to an energy
tax set at 30% of the standard rate (Swedish Tax Agency 2013b). The same rules have
applied since 1 January 2011 to industries included in the trading system and to the
generation of heat used in industrial manufacturing within the system (Swedish Tax
Agency 2013c). The changes are designed to avoid overlap in the steering provided by
the trading system and the carbon dioxide tax, thereby helping to make both instruments
more cost-effective.

Manufacturing industries outside the EU ETS, as well as agriculture, forestry
and pisciculture, pay 30% of the standard rates of energy and carbon dioxide tax (Swe-
dish Tax Agency 2013c). Generation of heat in an installation included in the EU ETS,
not used in industrial manufacturing, is subject to carbon dioxide tax at 94% of the
standard rate (Swedish Tax Agency 2013d). In addition, there are special rules on fur-
ther reductions of carbon dioxide tax for some energy-intensive industries and for diesel
used in agriculture, forestry and pisciculture.



Table 3.2 Energy and carbon dioxide taxes as per 1 January 2013, excl. VAT

Energy CO,tax Total Tax
Heating fuels® tax tax SEK/KWh
Fuel oil, env. class 1, SEK/m® 817 3093 3910 0.393
Coal, SEK/tonne 621 2691 3312 0.438
LPG, SEK/tonne 1050 3254 4304 0.337
Natural gas, SEK/1000 m? 903 2316 3219 0.293
Crude tall oil, SEK/m® 3910 - 3910 0.399
Transport fuels
Petrol, unleaded, env. class 1, SEK/I 3.13 2.50 5.63 0.623
Diesel, env. class 1, SEK/I 1.76 3.09 4.86 0.487
Natural gas/methane, SEK/m? - 1.853 1.85 0.168
LPG, SEK/kg - 2.603 2.60 0.204
Electricity consumption
Electricity, N Sweden, SEK/kWh 0.194 - 0.194 0.194
Electricity, rest of Sweden, SEK/kWh 0.293 - 0.293 0.293
Industry
Electricity consumption, industrial processes and 0.005 0.005 0.005

agriculture, forestry and aquaculture, SEK/kWh

Source: Swedish Tax Agency, collated by Swedish Energy Agency

With effect from 1 February 2013, sustainable biofuels in petrol and diesel, in
blends of up to 5% by volume, are exempt from the whole of the carbon dioxide tax and
most of the energy tax (89% for biofuels in petrol and 84% for biofuels in diesel). E85
and other sustainable high-blend biofuels and biofuels with no fossil content are entirely
exempt from carbon dioxide and energy tax on their biomass-based component.

Tax is payable on consumption of electricity, at a rate that depends on where in
the country and how the power is used. For electricity used in manufacturing processes
or in agriculture, forestry or pisciculture, anywhere in the country, the rate applied in
2013 is SEK 0.005/kWh. The tax on electricity consumed by households and service-
sector enterprises is SEK 0.194/kWh in northern Sweden and SEK 0.293/kWh in the
rest of the country (Swedish Tax Agency 2013a).

Effects of taxes introduced

Instruments to promote lower emissions from district heating production and residential
heating began to be introduced before 1990, with biofuels, for example, already exempt
from energy tax at that time. Analyses using the MARKAL-NORDIC modelling tool
(see Box 3.1) show that the energy and carbon dioxide taxes have primarily helped to
reduce emissions from district heating and from the residential and commer-
cial/institutional sector. For homes and premises, both tax changes and oil price increas-

3 Some tax relief is available on the use of fuels in manufacturing industries, agriculture, forestry and aquacul-
ture, and CHP and district heating production.



es since the 1990s have meant that it has paid to switch from oil and electricity as
sources of heating (Profu 2013). An analysis for each sector, based on MARKAL-
NORDIC, can be found in the relevant sections of this chapter.

Box 3.1

To assess the effects of economic instruments on Sweden’s stationary energy system,

we have used the results of estimates made with the MARKAL-NORDIC energy sys-

tem model (Profu 2013). The ‘stationary energy system’ comprises production of elec-

tricity, district heating and process steam, together with final energy consumption in the

residential sector, services and industry. The estimates covered two cases:

1. Actual development of policy instruments from 1990 to 2013. Current instruments
are subsequently assumed to remain in use up to and including 2030.

2. A ‘1990 scenario’, using the policy instruments in place in 1990 throughout the peri-
od studied (1990-2030). In other respects, this case is identical to (1).

Some methodological development has taken place in the modelling of policy
instruments in the residential and services sector compared with the last National Com-
munication, in that the cost of capital has been raised from 7% to 12%, to better reflect
the ‘inertia’ built into the energy transition. Estimates have also been made of how large
an improvement in energy efficiency in the sector can be linked to the instruments in-
troduced (Profu 2011).

Modelling attempts to capture the most important variables that could conceiv-
ably influence the outcome we are interested in studying; all modelling therefore neces-
sarily involves a simplification of reality and hence some uncertainty.

EU Emissions Trading System
The EU Emissions Trading System (EU ETS) was launched on 1 January 2005. The
system puts a limit, or cap, on emissions across the EU from the sectors covered (the
scope of the scheme is described in Box 4.1). The first trading period was from 2005 to
2007 and the second coincided with the first commitment period of the Kyoto Protocol,
2008-12. The EU ETS is an important part of the EU’s strategy to reduce emissions
within the Union, with a fixed emissions cap that will decrease every year up to 2020.
The annual reduction in the cap will continue beyond 2020, but may be revised no later
than 2025. The trading system is key to Swedish efforts to help achieve the EU’s cli-
mate targets for 2020.

Emissions from Swedish installations included in the EU ETS made up around
33% of total greenhouse gas emissions in Sweden over the period 2008-12. Some 80%
of these emissions came from industrial plants and 20% from power and district heating
installations. The breakdown for Sweden differs appreciably from the average for the
EU ETS as a whole, where emissions from energy supply plants are greater (about 60%
of the total) than those from industrial installations (roughly 40%). During the first and
second trading periods, emission allowances were allocated largely free of charge, un-
der different rules drawn up nationally on the basis of EU-wide criteria. In Sweden,
however, no free allocations were made to existing plants in the electricity and district
heating sector between 2008 and 2012. Overall, the emissions cap for the period 2008—
12 was some 10% lower than the cap for 2005-07.




For the third trading period, from 2013 to 2020, several changes have been
made to the scheme. From 2013, the emissions cap is to decrease in a linear fashion by
1.74% per year, starting from the average annual level of the cap during the second
trading period. This will result in a reduction of 21% within the EU ETS by 2020, com-
pared with 2005. More sectors have been included, and some 50% of emission allow-
ances are to be auctioned, with a gradual phase-out of free allocations over the period.
The rules on the proportion allocated for free have been harmonised across the EU and
are based on specific emissions per unit of production as an allocation methodology.

How large a share of allowances will be allocated free of charge in any given
member state will depend on a number of factors, including production levels and the
number of industries exposed to carbon leakage. In Sweden, the district heating and
pulp and paper sectors, in particular, will receive a larger free allocation than in earlier
trading periods, owing to the harmonised allocation rules and low specific emissions,
while other sectors will receive a smaller allocation.

Impact on carbon dioxide emissions

The effect of the EU ETS on global emissions is equal to the difference between the
level set for the cap and the baseline trajectory, i.e. the emissions trend which it is as-
sumed would otherwise have occurred. The effect on emissions in an individual country
will depend on a number of factors: alongside the price of emission allowances, these
include national circumstances such as the existence of additional policy instruments,
the costs of measures and the reduction potential. Since the trading system limits mem-
ber states’ aggregate emissions at EU level, national emission levels and the breakdown
between countries are of secondary interest. The economic situation, variations in
weather between years and trends in energy prices also have a major impact on emission
trends, both short- and long-term. Allowing for the inclusion of more combustion instal-
lations in the EU ETS in 2008, average emissions from Swedish plants in the system in
2008-12 fell by about 10% compared with the average for 2005-07 (Swedish Environ-
mental Protection Agency estimates, 2013). In interview surveys, over 50% of Swedish
operators replied that the scheme had influenced their companies in such a way that they
had reduced their carbon dioxide emissions (Swedish Energy Agency 2010a).

Measures have primarily been introduced at installations in the energy supply
and pulp and paper industries. Action taken includes increasing the capacity of biofuel
plants, investments in waste-fired boilers (burning industrial waste), measures to im-
prove combustion efficiency, increased use of district heating, and conversion from oil-
to biofuel-fired boilers. At the same time, companies have implemented action pro-
grammes to reduce overall energy use. It should be noted that other policy instruments,
too, may be behind this trend. Energy efficiency action programmes are also being im-
plemented as part of the Programme for Energy Efficiency in Energy-Intensive Industry
(PFE, see section 4.2.5). And the electricity certificates system (section 4.2.3) has pro-
vided an incentive to increase biofuel-based CHP production.

Modelling of the aggregate effects of economic instruments in the Swedish
energy sector (see Box 4.5) shows that the electricity certificates system, the EU ETS
and the energy and carbon dioxide taxes are expected to be the key instruments for lim-
iting emissions from the energy supply sector in the years to come. For industry, the
trading system is judged to be the most important climate instrument. The price of emis-
sion allowances and assumptions regarding future prices will be of significance for the
impact of this instrument. (Profu 2013.)



The Environmental Code and planning legislation

The Swedish Environmental Code (SFS 1998:808), whose overall objective is to pro-
mote sustainable development, brings together the principal legislative provisions in the
area of the environment. In applying it, the environmental quality objectives are to serve
as a guide. The Code includes general rules of consideration that are to be observed in
connection with all activities and measures. Large-scale environmentally hazardous
activities are subject to a permit requirement. Anyone seeking a permit to establish,
operate or alter an environmentally hazardous activity has to prepare an environmental
impact statement (EIS), as provided in Chapter 6 of the Code. The purpose of an EIS is
to identify and describe the direct and indirect impacts which the planned activity or
measure could have, for example on climate.

Greenhouse gas emissions are one of the factors considered as part of the per-
mitting procedure under the Environmental Code. As from 2005, however, the authori-
ties may no longer impose limits on carbon dioxide emissions or the use of fossil fuels
by installations covered by the EU ETS.

Measures in the area of spatial planning chiefly affect emission trends in the
longer term, and can be of great significance in that perspective. Physical planning
measures are primarily governed by the Planning and Building Act (PBA). Many such
measures, as well as major infrastructure projects regulated by the Roads Act and the
Railway Construction Act, are also subject to some of the provisions of the Environ-
mental Code. Growing attention has been paid to the impact of development of the built
environment on energy and transport demand, and to the need for greater coordination
of infrastructure, transport and settlement planning (cf. SOU 2008:110, p. 29; Govt. Bill
2008/09:162, pp. 130 f.; Govt. Bill 2011/12:118, pp. 89 ff.; Swedish National Board of
Housing, Building and Planning 2009).

The Government Bill proposing a new Planning and Building Act (Ministry of
the Environment 2009) also emphasised the important role municipal spatial planning
has to play in addressing climate change, and the need for physical planning to be better
coordinated with infrastructure planning. The earlier PBA did not include an express
requirement to take climate into account, other than its provision that planning and sit-
ing decisions were to be taken with due consideration for the risks of accidents, flooding
and erosion. The new Act (SFS 2010:900), which came into force on 2 May 2011, in-
troduced a new requirement to take account of environmental and climate aspects in
planning. The purpose of this addition, according to the Bill, is to promote good envi-
ronmental conditions both by means of adaptation to climate change and by reducing
human impact on climate and thereby helping to achieve the environmental quality
objective Reduced Climate Impact. The new PBA also made it mandatory to consider
inter-municipal and regional circumstances in planning. Here, too, a link can be found
between transport issues and physical planning.

In the Infrastructure Bill (Ministry of Enterprise, Energy and Communications
2012a), the assessment was made that the development of an economically efficient,
sustainable transport system needed to be coordinated to a greater extent with land use,
housing supply and other public planning, as well as with initiatives in other areas of
society, such as growth in the business sector, the labour market etc. This has also been
a basic premise in an exercise, commissioned by the Government (Ministry of Enter-
prise, Energy and Communications 2012b), to prepare national and regional cross-



modal plans for development of the transport system over the period 2014-25. The
transport system and associated infrastructure are to be adapted to the requirements,
economic, environmental and social, of long-term sustainable development. Proposals
for a new national plan for Sweden’s transport system for 2014-25, drawn up for the
Government by the Swedish Transport Administration, state among other things that the
Administration will participate in spatial planning in order to integrate planning of the
transport system and the siting of housing, industry and services, and that this work is
fundamental to sustainable accessibility in attractive urban areas and regions. It is also
noted that early collaboration with other stakeholders paves the way for long-term effi-
ciency in the use of resources; this may range from influencing the strategic direction of
spatial planning in regional development plans and regional public transport provision
programmes, for example, to involvement in municipal comprehensive plans and
transport strategies (Swedish Transport Administration 2012a).

In their appropriation directions and conditions for 2013, county administrative
boards, certain county councils and bodies for inter-municipal cooperation, which are
responsible for regional development issues in their counties, have been tasked with
reporting on and assessing the coordination of and mutual links between infrastructure
and transport planning, growth programmes at the county level, and local authorities’
comprehensive planning.

The Government has also appointed a cross-party committee of inquiry whose
terms of reference include an evaluation of the regional planning system under Chapter
7 of the PBA. The committee will examine how that system relates, on the one hand, to
the systems of regional development strategies and county transport infrastructure plans,
provided for in the County Coordinating Bodies Act (2002:34) and the Act on Regional
Development Responsibility in Certain Counties (2010:630), and on the other, to re-
gional transport provision programmes under the Public Transport Act (2010:1065).

Cross-sectoral investment grants

For the period 2009-12, the Government set up a Delegation for Sustainable Cities. Its
purpose was to promote the development of attractive, socially and economically sus-
tainable urban environments with a reduced impact on climate and the environment.
The Delegation brought together central government, the business community and local
authorities in a national platform for sustainable urban development. It also allocated
financial support to enterprises and municipalities. The projects supported are intended
to serve as models of sustainable urban planning and applied environmental technology.

Grants were available to all types of stakeholders, and from 2009 to 2012 a total
of SEK 357m of state funding was awarded for almost a hundred investment and plan-
ning projects. All the investment projects are to be completed by 2014, and the last
planning projects by 2016. The lessons learnt from the projects supported have been
actively disseminated, nationally and internationally.

Under the Ordinance governing the scheme, support was primarily to be given
for measures which, overall and in the long term, were judged to have the best prospects
of delivering the largest reduction of greenhouse gas emissions in relation to the funding
provided. The Delegation therefore paid particular attention to climate effects when
assessing applications.

The National Board of Housing, Building and Planning is conducting an inde-
pendent review of the support provided through the Delegation for Sustainable Cities.



Climate change information

Up to 2010, the Swedish Environmental Protection Agency received specific funding
from the Government to provide information on climate change. Its efforts in this area
focused on disseminating and making accessible facts about the climate issue, and espe-
cially about the associated problems and solutions, and on sharing Swedish experience
internationally.

Both the Environmental Protection Agency and the Swedish Meteorological
and Hydrological Institute (SMHI) have an ongoing responsibility for information, en-
trusted to them by the Government. SMHI has a specific remit to collate and dissemi-
nate information on climate change.

Between 2002 and 2009, the Environmental Protection Agency carried out
surveys of public awareness of and attitudes to climate change. To sum up the results of
the 2009 survey, 100% of Swedes are spontaneously aware or have heard of climate
change. They demonstrate a very high level of readiness to reduce their own greenhouse
gas emissions, and a growing number have done something in their everyday lives to
reduce their climate impact (Swedish Environmental Protection Agency 2009).

Information on possible measures in different sectors is disseminated through a
number of channels. Several energy efficiency campaigns have been run at a national
level, but more continuous information is provided locally and regionally, through the
country’s climate and energy advisers and regional energy offices. They deal free of
charge with enquiries concerning heating, energy costs, energy efficiency, transport,
climate, and government grants in the area of energy.

The Swedish Energy Agency conducts an annual review of energy and climate
advice services, assessing public awareness of these services and their impact in terms
of kilowatt-hours saved. The assessment of their effect is regarded as uncertain, howev-
er, partly because the energy savings achieved cannot be assumed to be entirely the
result of contact with the advice services, but may also be attributable to other policy
instruments and factors. (Swedish Energy Agency 2013a.)

In agriculture and forestry, advice to landowners and managers plays a major
role. Over the period 2009-11, the Swedish Forest Agency received special funding to
inform forest owners and forest officers about the climate issue. Climate change infor-
mation and advice have been provided at dedicated seminars or information days in
various parts of the country. The Agency’s website (Swedish Forest Agency 2013d) and
the magazine Skogseko (‘Forest Echo’) have also been important channels.

Farming has a wide range of impacts on the environment. The Swedish Board
of Agriculture maintains an informative website covering both the global aspects of
climate change and issues relating to biodiversity and the individual farmer.

Research and development

Public investments in climate-related research and development are aimed at creating
better conditions for achieving the substantial emission reductions that are required in
the longer term.

Swedish climate-related research covers a broad spectrum, from natural scienc-
es to humanities, but with an emphasis on technical and scientific R&D.

The Riksdag decided in 2012 to extend and progressively strengthen funding
for energy research (Govt. Bill 2012/13:21), which focuses to a great extent on reducing
carbon dioxide emissions. It set a level of some SEK 1.3 billion for the years 2013-15
and around SEK 1.4bn from 2016 onwards. The overarching aim is that the work under-



taken should contribute to realising existing energy and climate objectives, long-term
energy and climate policy, and energy-related environmental policy goals. Energy re-
search is a central and integral part of energy policy, offering synergies with other poli-
cy instruments in that area.

A link exists between innovation initiatives and economic instruments, in that
the latter can facilitate market introduction of the new technology, as with the green
vehicle rebate, for example.

An audit of climate research in Sweden by the Swedish National Audit Office
(2012) estimated that funding had risen to almost SEK 2bn in 2010, or around 7% of all
central government support for research. The majority of these funds went to energy
research. The study shows that Swedish climate research generates an internationally
high proportion of academic articles, which are also frequently cited. In terms of patent
applications, Sweden tops the statistics for the Nordic region. However, it is difficult to
assess whether it is the increase in funding that is behind this growth in results.

3.3  Production of electricity and district heat-
ing

In 2011, greenhouse gas emissions from the production of electricity and district heating
(including residual gases from industry) totalled 8.3 Mt CO2 eq, a slight increase on
1990 (Swedish Environmental Protection Agency 2013a). Emissions from this sector,
however, vary with temperature and precipitation. In a wet year they are generally low-
er, while in dry years they increase. Temperature affects heating requirements, with
greater demand for both electricity and district heating during cold years. Emissions
from the sector have therefore fluctuated from year to year, with higher levels in years
with cold winters, such as 2011.

Production of district heating rose from 41 TWh in 1990 to 60.5 TWh in 2011
(Swedish Energy Agency 2012b). At the same time, emissions from this source re-
mained relatively stable, as the expansion was largely achieved by increased use of
biofuels. The use of oil and coal, meanwhile, declined. The carbon dioxide tax is judged
to be one of the main factors behind this trend. The low emissions from electricity gen-
eration are explained by the fact that nuclear and hydropower account for a dominant
share of production, at the same time as additional production of electricity in recent
years has chiefly come from biomass-fired combined heat and power (CHP) plants and
wind power.

Policies and measures in the electricity and district heating sector

In the 1990s, the energy and carbon dioxide taxes were a major factor in the sector’s
development. The carbon dioxide tax on CHP production within the EU ETS was abol-
ished on 1 January 2013, while heat production in heat-only boilers has continued to be
taxed. Since 2000, policy instruments in this sector have increasingly been influenced
by the EU’s common energy and climate policy, at the same time as new national in-
struments have been introduced. The system of electricity certificates, established in
2003, is of significance for the development of new renewable electricity generating
capacity. Since 2005, most combustion installations for power and heat production have
been included in the EU ETS, which represents a key policy instrument for this sector.
In addition, the sector is affected by the provisions of the Environmental Code and by
support for the technological development and market introduction of wind power.



Electricity certificates system

The system of electricity certificates is a market-based scheme to support the expansion
of electricity production from renewable energy sources and peat, introduced in Sweden
in 2003. Under the system, electricity generators approved for an allocation of electrici-
ty certificates are allocated one certificate for every megawatt-hour (MWh) of renewa-
ble electricity produced. These certificates are then sold to electricity users, who are
required by law to purchase electricity certificates corresponding to a certain share, or
guota, of their consumption. This quota is gradually being increased year by year up to
2020. (Swedish Energy Agency 2012c.) The electricity certificates system is a key in-
strument in Sweden’s action plan to achieve its 2020 target under the EU Renewables
Directive.

As from 1 January 2012, Sweden and Norway have a common electricity certif-
icates market. The two countries have now set a joint target of an increase in renewable
electricity production of 26.4 TWh between 2012 and 2020. In 2011 and 2012, electrici-
ty users were required to buy certificates corresponding to 17.9% of their consumption.
Production of renewable electricity under the certificates scheme in 2012 amounted to
21.5 TWh. At the end of that year, 1,411 generating plants were phased out of the certif-
icates system (Swedish Energy Agency 2013b). The background to this is that plants in
operation in 2003, when the scheme started, were only allocated certificates up to the
end of 2012.

Effects of economic instruments in the electricity and district heating sector
Estimates using the MARKAL-NORDIC modelling tool (see Box 4.5) show that emis-
sions from the electricity and district heating sector (including industrial back-pressure
power) could have been almost 14 Mt CO, eq higher in 2010 if policy instruments had
remained at their 1990 levels (see Table 4.3). The difference in modelled emissions is
due above all to significantly greater use of coal in the scenario based on 1990 instru-
ments than in the one based on current levels of instruments.

Since 1990, the production of electricity and district heating has been marked
by a very substantial expansion of renewable fuels, and over the same period the influ-
ence of policy instruments has increased sharply for the portion of district heat produc-
tion based on heat-only boilers. For combined heat and power, the pressure from in-
struments increased up to the beginning of the 21st century and subsequently decreased.
The rationale behind the reduced pressure of taxation was to improve market conditions
for CHP as a mode of production (Swedish Energy Agency 2003). The carbon dioxide
tax on CHP production within the EU ETS was abolished on 1 January 2013, contrib-
uting to more cost-effective climate policy management in a European perspective.

According to the modelling results, moreover, the electricity certificates system
is an important reason for the clear phase-out of fossil fuels seen in the scenario based
on current instruments, in that it provides an incentive for biofuel-based CHP. Electrici-
ty production in Sweden qualifying for certificates grew by just over 13 TWh between
2002 and 2011. In the early years, the increase consisted mostly of electricity from bio-
fuels burnt at existing CHP plants and an expansion of capacity at existing biofuel
plants. However, the system also resulted in 1,613 new installations being commis-
sioned between 2003 and 2011, of which 1,344 were wind turbines. Between them,
these new installations generated some 8.2 TWh of electricity in 2011 (Swedish Energy
Agency 2012c).



Sensitivity analyses of the model’s scenarios have shown that the certificates
system would correspondingly ‘resist’ a shift towards fossil-based production if the
emission allowance price were to be €10 per tonne in 2030, rather than the €40 per
tonne used as a base case. In such a situation, emissions from the sector would rise, but
only to a limited extent. A sensitivity analysis involving lower fossil fuel prices points
to an expansion of fossil-based generation of power and heat both in a scenario with
policy instruments at their current level and in one retaining instruments at their 1990
level. Current policy instrument levels, however, are of great significance in slowing the
rise in emissions, and the difference in emission levels between the two scenarios is
therefore even larger than in the base case, where fossil fuel prices are higher and them-
selves help to reduce emissions. In this sensitivity case, too, the electricity certificates
system is a major factor, as it helps to make bio-CHP competitive. (Profu 2013.)

Table 3.3 Estimated aggregate effects of policy instruments introduced since 1990 on emis-
sions from electricity and district heating production in Sweden, compared with a scenario
based on 1990 instruments (Mt CO, eq per year) (Profu 2013)

2005 2010 2015 2020 2025 2030

11 14 16 16 16 15

Further initiatives for the electricity sector

As well as from the electricity certificates system, wind power has benefited from a
special ‘Pilot Projects’ scheme in support of technology development and market intro-
duction in offshore and mountain areas. Projects granted support over the period 2003—
12 are expected to generate some 1.44 TWh of renewable electricity per year (Swedish
Energy Agency 2013c). This initiative ends in 2013.

The Vindval (‘Wind Choices’) programme is a network-oriented initiative aim-
ing to strengthen the planning and permitting processes associated with wind power
schemes, including research into effects on the environment, animals and humans. In
2012, the Swedish Energy Agency approved a new concerted commitment of SEK 4.6m
for further processing and communication of the programme’s results.

Designated areas of national interest for wind utilisation — which have been
deemed particularly suitable for the generation of electricity from wind power — cover
2.2% of the area of Sweden and also include areas in the country’s economic zone. New
designations were decided in December 2013 (Swedish Energy Agency 2013d).

A Riksdag decision of 2009 requires there to be a ‘planning frame’ for wind
power corresponding to 30 TWh by 2020, of which 10 TWh is to be offshore. This
frame means that, in the context of spatial planning, conditions are to be created for an
expansion of wind power to 30 TWh, but it does not represent a production target
(Swedish Energy Agency 2013e). The planning frame replaces the earlier target for
wind power development of 10 TWh by 2015. In 2012, just over 7 TWh of wind power
was generated in Sweden, ten times as much as in 2003 when the electricity certificates
system was introduced (Swedish Energy Agency 2013f).

The Guarantees of Origin of Electricity Act (SFS 2010:601) came into force on
1 December 2010. Its aim is to ensure that final customers are provided with clear in-




formation on the origins of the electricity they purchase (Swedish Energy Agency
2013h).

The earlier support scheme for solar heating was discontinued on 31 December
2011. The scheme resulted in additional solar heating corresponding to an annual output
of about 20.3 GWh, primarily replacing biofuels and, to a lesser extent, direct-acting
electric and district heating (Swedish National Board of Housing, Building and Plan-
ning 2012). Following withdrawal of the scheme, it is possible to apply instead for tax
relief in the form of a property renovation (ROT) deduction, covering the labour costs
of installing solar heating.

Since 2009 there has been a central government scheme to support the installa-
tion of solar cells. The installations granted support and built to date are estimated to be
capable of producing around 8.4 GWh of renewable electricity a year (Informant 1,
Swedish Energy Agency, 2013). The Government has allocated a further SEK 210m for
this scheme for 2013-16 (Swedish Energy Agency 2013g).

3.4 Residential and commercial/institutional
sector

Greenhouse gas emissions from individual heating of homes and commercial and insti-
tutional premises (i.e. heating other than district heating) fell dramatically from just
under 9 Mt CO2 eq to around 1.4 Mt CO2 eq per year between 1990 and 2011 (Swedish
Environmental Protection Agency 2013). Direct emissions from this sector now make
up only around 3% of Sweden’s total emissions of greenhouse gases (Swedish Energy
Agency 2012f).

Energy use in the sector in 2011 accounted for some 40% of final energy use in
Sweden (Swedish Energy Agency 2012e). The use of energy for heating showed a
downward trend in the first decade of the 21st century. Use of electricity for domestic
equipment and lighting and for common building services, on the other hand, increased
(Swedish Energy Agency 2012f).

Policies and measures in the residential and commercial/institutional sector

The energy and carbon dioxide taxes can be regarded as instruments that have signifi-
cantly contributed to reducing the use of fossil fuels in this sector in recent decades. The
aggregate level of taxes on fossil fuel use for heating in the residential and commer-
cial/institutional sector has risen steadily since 1990, making it considerably more ex-
pensive to burn these fuels than it would have been if energy taxation had been kept at
its 1990 level (Profu 2013). This is shown in Fig. 3.1.
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Figure 3.1 Policy instruments affecting light fuel oil, biofuels and natural gas in the resi-
dential and services sector: development between 1990 and 2012, and model assumption for
2015 (constant 2010 prices) (Profu 2013)

Alongside the carbon dioxide and energy taxes, there are a number of instruments tar-
geted at energy use in homes and commercial and institutional premises. Some of the
more important ones are building regulations, energy performance certificates, and the
Ecodesign, Energy Labelling and Energy Efficiency Directives. In addition, there are
instruments such as technology procurement, network initiatives and information cam-
paigns at the local, regional and national levels.

Estimate of aggregate effects of economic instruments in the residential and commer-
cial/institutional sector

Between the early 1990s and the present day, carbon dioxide and energy taxes have
helped to phase out oil-based and electric heating. Analysis of model estimates based on
MARKAL-NORDIC shows that drivers for a switch to other heating options exist in
both the scenario retaining 1990 policy instruments and the one based on current levels
of instruments, but that the incentive to replace existing oil-fired heating is greater in the
scenario in which taxes have been developed and raised to today’s levels (see Fig. 3.2).
It is reasonable to assume, moreover, that the reduction in emissions from this sector
would have been slower if instruments had not been changed and tightened up since
1990. The proportion of heat pumps is also appreciably higher in the current instru-
ments scenario, owing to higher electricity prices and higher taxes on electricity, which
discourage the use of other forms of electric heating.
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Figure 3.2 Heat production costs in single-family houses with different heating alterna-
tives, in the scenarios based on current (left) and 1990 policy instrument levels (right) (Pro-
fu 2013)

By 2030, according to the model’s scenarios, fossil-based heating will be phased out
altogether in the residential sector with current instruments, whereas there would still
have been a certain proportion of fossil fuels left if instruments had remained at 1990
levels (Profu 2013).

Building regulations

The earlier Act on Technical Requirements for Construction Works etc. (SFS 1994:847)
was repealed in May 2011 with the introduction of the new Planning and Building Act
(PBA). The Building Regulations of the Swedish National Board of Housing, Building
and Planning (BBR) contain mandatory provisions and general recommendations to
ensure compliance with the PBA, the new Planning and Building Ordinance and other
statutes (Swedish National Board of Housing, Building and Planning 2011a). Buildings
are to be designed in such a way that energy use is limited by low heat losses, low cool-
ing requirements, and efficient use of heat, cooling and electricity (Swedish National
Board of Housing, Building and Planning 2011b). The most recent tightening of the
building regulations’ energy requirements took effect on 1 January 2012. Since autumn
2013, a review of these requirements has been under way. In addition, the Board of
Housing, Building and Planning’s general recommendations on energy performance
were incorporated in the regulations on 1 January 2012. With this change, alterations
and extensions are also covered by the building regulations, although the requirements
normally only apply to the altered part of a building (Swedish Energy Agency 2012f).

Energy performance certificates

Directive 2010/31/EU on the energy performance of buildings has been incorporated
into Swedish legislation by, among other enactments, the PBA and the Energy Perfor-
mance Certificates Act (SFS 2006:985), which first took effect in 2006. Owners of mul-
ti-dwelling buildings and commercial and institutional premises are now required by
law to obtain an energy performance certificate, setting out the energy use of their
building and certain parameters regarding the indoor environment. The aim is to pro-



mote efficient use of energy and a healthy indoor environment, by ensuring that proper-
ty owners have a better understanding of what measures would cost-effectively improve
the energy performance of their buildings. Since energy performance certificates were
introduced, over 430,000 buildings have been registered with the Board of Housing,
Building and Planning as holding such certificates (Swedish National Board of Hous-
ing, Building and Planning 2013). As from 1 July 2012, the provisions have been
amended, one change being that a certificate has to be shown and handed over when a
property is sold or rented out.

Ecodesign and energy labelling
The Ecodesign Directive (2009/125/EC) has been transposed into Swedish legislation
by the Ecodesign Act (SFS 2008:112). Legally binding ecodesign requirements are
drawn up in the form of product-specific EU regulations, which have direct application
in the member states. This directive results in energy savings by prohibiting the least
energy-efficient products. The range of products covered by it is constantly growing,
with requirements introduced, for example, for air—air heat pumps and lighting. Re-
quirements for electric, gas- and oil-fired boilers and for other heat pumps have recently
been adopted, but not yet taken effect.

Mandatory energy labelling of certain domestic appliances has existed in the
EU since 1995, but in 2011 it assumed a new appearance, with the introduction of ener-
gy labelling for televisions and an update of labelling of refrigerators, freezers, dish-
washers and washing machines. Sweden has an active programme of market surveil-
lance, involving both supervision of dealers and laboratory tests of products. New prod-
ucts to be energy-labelled in 2013 include air—air heat pumps and LED lamps. The
Commission estimates that the ecodesign and energy labelling requirements adopted to
date could, by 2020, save 484 TWh of electricity per year across the EU. In addition,
there will be savings from boilers and water heaters of 653 TWh of primary energy,
comprising electricity, oil and gas (Swedish Energy Agency 2013i). For Sweden, the
ecodesign and energy labelling requirements could bring savings of over 30 TWh by
2020 (Informant 2, Swedish Energy Agency, 2013).

Technology procurement and network initiatives

Technology procurement is an instrument designed to initiate a market transition and
disseminate new, efficient technology — new products, systems or processes. Network-
based procurement of technology is an approach that encompasses the entire decision-
making process, from pre-study and purchaser group to specification of requirements
and the spread and further development of new, energy-efficient technology. It is being
used, for example, in the areas of heating and control, ventilation and lighting (Swedish
Energy Agency 2013j). Purchaser groups exist for housing (BeBo), commercial and
institutional premises (BeLok) and food distribution (BeLivs). There is also a network
for public sector bodies that rent premises, HyLok (Swedish Energy Agency 2013f).
The existing network projects for housing and premises are estimated to have yielded
accumulated energy efficiency improvements of 2 and 117 GWh, respectively. The
large difference in the measured impacts is mainly due to the types of projects involved
and degree of follow-up of network activities (Swedish Energy Agency 2013k).



3.5 Industrial emissions from fuel combustion
and processes (including emissions of fluorinat-
ed greenhouse gases)

Emissions from industrial combustion in 2011 were around 9.5 Mt CO2 eq, some 21%
lower than in 1990 (12.1 Mt CO2 eq). The principal reductions have occurred in the
paper and pulp industry.

Industrial process emissions in 2011 amounted to approx. 6.7 Mt CO2 eq, an
increase of about 5% on 1990. Process emissions vary widely from one year to another,
partly depending on the economic situation.

Policies and measures in the industrial sector
The instruments primarily affecting combustion emissions from industry are the EU
Emissions Trading System, energy and carbon dioxide taxes, the electricity certificates
system, the Programme for Energy Efficiency in Energy-Intensive Industry (PFE) and
the Environmental Code.

Industrial process emissions have come almost entirely within the scope of the
EU ETS since its expansion for the third trading period (2013-20). They are regulated
above all by the Environmental Code’s requirement to use the ‘best possible technolo-
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Emissions of fluorinated greenhouse gases are also partly governed by an EU

regulation and directive covering certain emissions of fluorinated gases.

Estimate of aggregate effects of economic instruments in the industrial sector
According to estimates made using the MARKAL-NORDIC modelling tool, the effect
of economic instruments on combustion-related emissions in this sector would have
been somewhat greater, or at least as great, if 1990 policy instruments had been re-
tained. The difference in emissions between the 1990 and current instruments scenarios
is consistently small.

The estimates suggest that, looking beyond 2020, the effect of current instru-
ments will be greater than if 1990 instruments had been retained, provided that EU ETS
allowance prices are considerably higher than at present (€40 in 2030). The differences,
though, are very small. If the allowance price were only to rise to €10 by 2030, the ef-
fect would be comparable to that of 1990 instruments. Emission reductions could be
achieved compared with the 1990 case if the price increases to €40 by 2030, whereas
there will be no reduction with a lower price of €10.

The Energy Efficiency Programme (PFE) and the F-gas Regulation are not
included in the MARKAL-NORDIC model.

Increased carbon dioxide tax for non-EU ETS industry, and energy tax on fossil fuels
for heating in industry
Taxation of fossil fuels used in sections of industry outside the EU ETS was raised on 1
January 2011 from 21% to 30% of the standard rate of carbon dioxide tax. There will be
a further increase in 2015, to 60% of the standard rate. No carbon dioxide tax is payable
on fossil fuels used in industrial plants included in the trading system.

Since 1 January 2011, energy tax on fossil heating fuels has been levied accord-
ing to their energy content, significantly increasing the tax on LPG, natural gas, coal



and coke. On fuels used in industrial manufacturing processes, inside and outside the
trading system, 30% of the standard energy tax is paid.

When these tax increases were decided, it was estimated that they would result
in overall emission reductions of 0.4 Mt CO, eq in 2015 and 2020, beyond those pro-
jected. This assessment covered the use of fuels for heating both in non-EU ETS indus-
try and in agriculture, forestry and pisciculture.

Programme for Energy Efficiency in Energy-Intensive Industry

An instrument designed to improve industrial energy efficiency is the Programme for
Energy Efficiency in Energy-Intensive Industry (PFE). This five-year programme of-
fered companies an exemption from the energy tax on the electricity used in manufac-
turi