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Foreword
The twin challenges of reducing emissions of greenhouses gases to a level that meets
the UN’s two-degree Celsius limit and ending society’s dependence on fossil fuels are
probably the most important and most difficult obstacles that humanity has to
overcome in the century ahead. What is already obvious is that, if achieving these
aims is to be possible, stakeholders at every level – from global to national and all
the way down to local and grassroots level – must play their part and all pull together.
With individual nations and the international community seemingly bogged down
in the same old rut, playing a waiting game, it is left to the cities to shoulder respon
sibility by addressing a global problem through their own local efforts.
As the capital of Sweden and the nation’s engine for growth, Stockholm has an
opportunity to take the lead in this work by demonstrating that it is possible to phase
out fossil fuels and reduce emission levels while still sustaining growth and meeting
the challenge of a rise in population.
The conclusion reached in the City’s roadmap is that we are, indeed, facing a major
challenge that ought not to be underestimated, but also that it is fully feasible to
achieve the goal we have set ourselves. Success, however, will be predicated on
resolve and hard work. As not all the mechanisms and policy instruments needed to
achieve the goal are within the purview of the city authorities, a significant number of
decisions are also required at government and county council level, as well as from
other stakeholders.
For the first time ever there is now a concrete description and a plan for how
Stockholm can achieve its long-term goal of becoming fossil fuel-free by 2050.
This marks the start of yet another important chapter in the City’s commitment to
acknowledge its share of local responsibility for the global challenge of climate
change. It is hoped that this will also serve as a source of inspiration for other cities
that will follow our lead in our endeavours to build a greener and more beautiful world.
Stockholm, 24 March 2014

Per Ankersjö
Vice Mayor of Urban Environment,
City of Stockholm

Roadmap for a fossil fuel-free Stockholm 2050
The roadmap was approved by the Municipal Assembly of the City of Stockholm on
24 March 2014. The roadmap was approved by the Environment and Public Health
Committee on 12 March 2013 and has since been referred for broad consultation both
within and beyond the offices of local government. This process has generated a
large number of points of view, many of which have been incorporated into this final
report.
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tonnes CO2e/person and year

The City of Stockholm has declared its ambition to be fossil
fuel-free by the year 2050. In the budget for 2012 the Environ
ment and Public Health Committee was commissioned to
produce a roadmap to demonstrate how this goal can be
achieved. This roadmap is based on the same parameters that
have been followed up since 1995 and that are reported to the
Environment and Public Health Committee each year. The
calculations describe the emissions that arise from the use of
energy for heating, for all forms of transport within the city’s
geographical boundary and for other uses of gas and electricity.
This report concludes that it is, indeed, possible to achieve
the goal of a Stockholm whose energy needs are met by fossil
fuel-free alternatives by 2050, with the sole exceptions of
emissions from the combustion of fossil-based plastics and
emissions from aviation fuels and bunker fuels for shipping
(in all, approximately 100,000 tonnes of greenhouse gas
emissions). Success, however, will be predicated on resolve
and hard work, on the willingness of the city’s authorities,
national government and other stakeholders to make the right
decisions at the right time to support the goal, and on the
provision of adequate financial resources, policy instruments
and control mechanisms.
Work on the issues encompassed by this roadmap, together
with the necessary actions, measures and follow-up procedures, is governed by the City of Stockholm’s Environmental
Programme. The commitments outlined in the programme are
detailed in the City’s Sustainable Energy Action Plan (SEAP)
that forms part of its undertakings as a signatory to the Covenant
of Mayors.
According to the City’s own calculations emissions of
greenhouse gases (carbon dioxide, methane and nitrous oxide)
totalled 3,200,000 tonnes in 2010. Although the roadmap
investigates various measures with the potential to totally
eliminate the use of fossil fuels, this does not mean that there
would be no greenhouse gas emissions at all. The production
and distribution of biofuels also results in greenhouse gas
emissions, and it has been calculated that by 2050 these will
total approximately 350,000 tonnes. In terms of emissions per
inhabitant, this represents a decrease from 3.8 tonnes of greenhouse gases per year and inhabitant in 2010 (the base year for
the study) to 0.4 tonnes per year and inhabitant in 2050.

Emissions (1,000 tonnes CO2e)
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Figure 1: Trends in greenhouse gas emissions and emissions per resident in Stockholm in 2000–2011.

Stockholm has a long tradition of environmental work and a
track record of high ambitions for tackling climate change.1
The City’s first plan to reduce greenhouse gas emissions,
adopted in 1998, has been followed by several updated
programmes. Despite a rising population, the City and other
stakeholders have succeeded in steadily reducing greenhouse
gas emissions. Following a resolution adopted by Stockholm
City Council the City’s goal is now to be fossil fuel-free by
2050.

2.1 The City’s climate change
work since the 1990s
The goal for Stockholm’s first climate change plan2 was to
limit year 2000 emissions of greenhouse gases from electricity,
gas, heating and transport to the 1990 level, i.e. 5.4 tonnes of
greenhouse gases3 (CO2e) per inhabitant and year. The goal
was achieved and surpassed. Calculations showed that by the
end of 2000 per capita emissions had fallen to 4.5 tonnes a
year.
By 2009 emissions had fallen to 3.4 tonnes of greenhouse
gases per capita. Total emissions have also decreased despite a
considerable increase in population during the same period.
Total emissions in 2009 were just over 2,850,000 tonnes – a
reduction of almost 25 percent compared to the 1990 level of
approximately 3,700,000 tonnes per year.
As shown in Figure 1, greenhouse gas emissions rose in
2010. This was mainly due to the fact that the winters of

2009–10 and 2010–11 were colder than normal. The increase
for the transport sector is due to changes in the method for
calculating road traffic.
The largest reductions in emissions in the period 1990–2010
were achieved by:
• On-going conversions from oil-fired heating to district
heating and conversion to biofuels in district heating:
approx. 500,000 tonnes.
• On-going conversions from oil-fired heating to heat pumps:
approx. 300,000 tonnes.
• On-going replacement of fossil-based vehicle fuels and
vehicles that run on fossil-based fuels with “clean” vehicles:
approx. 80,000 tonnes.
• Switch from diesel to renewable fuel in public transport
buses: approx. 10,000 tonnes.

2.2 The roadmap and the
City’s policy documents
The roadmap for making Stockholm fossil fuel-free by 2050 is
linked to several of the City’s policy documents: the
Stockholm Environmental Programme 2012–2015, the
Stockholm Action Plan for Climate and Energy 2012–2015,
The Walkable City – Stockholm City Plan (a comprehensive
water and land use plan) and the Urban Mobility Strategy, to
name but a few. Vision 2030 and the City’s Energy Plan are
also key supporting documents for Roadmap 2050.

The City of Stockholm’s Climate Change Work 2009.
Action Plan Against Greenhouse Gases, 1998.
3
See the explanation on page 10.
1
2
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The roadmap is part of the work conducted in the City, the
region, Sweden and the EU towards achieving the long-term
climate goals. The ultimate aim is to meet the UN’s two-degree
target.
The roadmap analyses which measures needed to be taken in
order to eliminate the use of fossil fuels. It also focuses on the
effects that different categories of measures have on greenhouse gas emissions.

2.2.1 Implementation

The roadmap’s proposed measures are intended to serve as a
guide and foundation for future plans, goals and budget work.
The City’s environmental programme, in the form of policy
documents and programmes of measures, constitutes the
backbone of the City’s climate change work. This programme
therefore contains the concrete measures that are proposed in
order to implement the roadmap and defines how responsibility
for these is allocated to the City’s various specialist administrations, committees and municipal companies. Similarly, the
follow-up of goals and measures linked to the roadmap will
also be integrated with the environmental programme. Detailed
analyses with more specific information about measures,
powers of authority, costs, priorities and consequences must be
produced whenever the respective environmental programme
is revised.

individuals and trade and industry to play their part in the work
towards achieving the goal. Municipalities will also be
required to play a major role in adapting society to these new
conditions, for example by planning land use in a way that
effectively reduces the need for transport.
The UN Intergovernmental Panel on Climate Change
(IPCC) publishes a new global climate report every five years.
The latest report (2013 and 2014) constitutes a key starting
point for further assessments of developments in this field.

2.3.1 World-class level

The climate change work conducted by the City of Stockholm
is world-class. This work can, however, be developed further
by being more extensively integrated into even more of the
City’s organisational structure. Many of the measures implemented serve as successful demonstration projects that can be
extended throughout the City’s organisation to benefit the
climate on an even broader scale.
When Stockholm commenced its work to reduce greenhouse
gas emissions in the mid-1990s it was a world-leader in this
area. Today, many cities worldwide are competing for the top
spot. Through its commitment to continue systematic efforts to
phase out the use of fossil fuels in the city by 2050, Stockholm
is maintaining its world-class work to tackle climate change.

2.2.2 Supervision and control station

The roadmap constitutes an important database of facts for all
aspects of the City’s climate change work. For this reason a
specific “control station” must be established prior to the
revision of each environmental programme, at which all the
climate change work conducted by the City on the basis of this
roadmap is presented to Stockholm City Council. The roadmap
must be revised and updated prior to the revision of every other
(i.e. every second) environmental programme. The Environment and Public Health Committee is responsible for the
control station and for taking the initiative for supervision.

2.3 The Stockholm roadmap
and Sweden’s national
roadmap for 2050
The Swedish Environmental Protection Agency (EPA) has
drawn up documentation on which to base a national roadmap
for eliminating greenhouse gas emissions in Sweden by 2050.
This addresses how the emissions can be reduced in various
sectors. The national roadmap makes clear that work to
eliminate fossil fuels by 2050 must take place at both local and
national level.
To achieve this goal it is important to establish good
cooperation and a useful dialogue between local and national
government authorities so that municipalities can benefit from
the conditions they need in order to take their share of this
mutual responsibility. It is also important that the authorities
work together to make it as easy as possible for private
8
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Preconditions for a fossil fuel-free
Stockholm in 2050

3.1 The City’s goals for 2050
The 2012 budget for the City of Stockholm states that the main
goal is for Stockholm to be free of fossil fuels by 2050. The
roadmap thus describes how fossil fuels can be phased out as
energy sources. This can be done by a process of conversion,
i.e. replacing fossil fuels with other fuels, or by improving
energy efficiency to reduce the need for fuel.

3.1.1 Fossil fuels

The fossil fuels currently used within the geographical
boundary of the City of Stockholm are:
• Coal in the combined heat and power plant in Värtan for the
production of district heating and electricity.
• Oil for boilers in buildings, for heating plants that produce
district heating, for industry and for shipping.
• Natural gas for boilers in buildings, cooking stoves and
vehicles.
• Petrol for road vehicles.
• Diesel for road vehicles, construction machinery and
shipping.
• Aviation fuel.
• Fossil-based plastic in waste used by heating plants for the
production of district heating.

3.1.2 A fossil fuel-free city

The roadmap shows how the city can become free of fossil
fuels. The starting point is to identify measures that lead to the
conversion of fossil fuels to other fuels. As the use of fossil
fuels is phased out, emissions of greenhouse gases will not,
however, cease completely. This is due to LCA emissions (see
Annexe 2). The in-depth analysis (see Sections 5–8) primarily
examines how fossil fuels can be replaced by other fuels, but
also how the remaining greenhouse gas emissions caused by
LCA emissions can be reduced.
The emissions of greenhouse gases are estimated in the
roadmap using the City of Stockholm’s current calculation
method, i.e. the consumption method with an LCA supplement. This means that the emissions are calculated for the
entire lifecycle of the fuel and also encompass emissions made
during the production and distribution of biofuels. In addition
there are emissions of methane and nitrous oxide from the
combustion of biofuels.
These emissions can be offset if the City seeks to be totally
fossil fuel-free even with regard to indirect emissions (emissions made outside the city as a consequence of the production
of energy used within the city). Annexe 3 contains various
compensatory (offset) mechanisms.

3.2 Scope and delimitation
of the roadmap
The roadmap analyses all energy use and the resulting greenhouse gas (GHG) emissions within the City of Stockholm’s
geographical boundary:
• All greenhouse gas emissions from the heating and cooling
of buildings.
• All road transport within the city limits, regardless of
operator. Rail transport and shipping within the city’s
boundaries and aviation at Bromma Stockholm Airport up
to a height of 915 metres (3,000 feet) above ground level.4
• All other gas and electricity consumption by households and
businesses within the city limits.
The goal does not include GHG emissions from:
• Travel undertaken by Stockholm residents outside the city
limits.
• The production of foodstuffs or other goods and services
consumed by Stockholm residents but manufactured or
produced outside the city limits.
• Freon in refrigerants, construction waste and nitrous oxide
in healthcare.
• Short-lived climate pollutants (SLCPs), except for emissions
of methane and nitrous oxide in fuel combustion.
The goal is that Stockholm will be free of fossil fuels by 2050.
But work to reduce energy use in the transport and property
sectors is also required to ensure that there will be enough
renewable energy for transport, heating and the consumption
of electricity. Sections 5 and 7 include an analysis of the
availability of various fuels as well as electricity and heat using
different production methods.

3.2.1 Action as soon as possible

According the United Nations Framework Convention on
Climate Change (UNFCCC) it is estimated that climate change
can be managed provided that the temperature does not rise
more than two degrees above the pre-industrial level. It is
believed that concentrations of greenhouse gases will be
stabilised at a level that ensures that human impact on the
planet’s climate system will not have catastrophic consequences.
The UN’s latest report5 shows, however, that current global
emissions are estimated to continue increasing and are now so
high that there is a risk of a much higher rise in temperature.
To prevent the rise in temperature from exceeding two
degrees, total global emissions must start to fall in 2020. The
later the trend is reversed (in other words, the later that global
emissions start to decrease instead of increasing), the more
comprehensive, urgent and rapid any future reductions in
emissions will need to be.

Emissions from aviation are calculated using the Landing and Take-Off (LTO) cycle, i.e.
emissions from aircraft less than 915 metres (3,000 feet) above ground level, including
their movement on the ground under their own power (taxiing).
5
The Emissions Gap Report 2012, A UNEP Synthesis Report.
4 
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The UN also points out that the gap between pledges from the
world’s countries to reduce emissions and the actual extent of
the reduction that is necessary has never been bigger than it is
today.
The two-degree target is deemed to correspond to total
greenhouse gas emissions of no more than 1.5 tonnes per capita
worldwide. The Stockholm Roadmap details how these
emissions can be reduced from 3.4 tonnes per capita to 0.4
tonnes. In a comparison with other cities and countries it
should be pointed out, however, that Stockholm and Sweden
enjoy a number of favourable conditions. Firstly, compared to
other countries, Sweden’s electricity production is largely
independent of fossil fuels. Secondly, Stockholm produces
only very small volumes of goods. The goods consumed in
Stockholm are largely produced in other locations where
emissions are therefore correspondingly greater.

3.2.2 Conditions in a growing city

The roadmap assumes that the population of Stockholm will
have risen to 1.2 million by 2050. This is a 40-percent increase
on the number of city residents in 2012. To provide homes for
the growing population, the plan is to build 5,000 new apartments per year, or 190,000 new apartments by 2050. The need
for premises for shops, offices, schools, hospitals, etc. is
expected to increase to the same extent, as will demand for
travel and goods transportation in the city.
The starting point of the roadmap has therefore been that the
total need for energy will also rise by 40 percent. On this basis,
an analysis was performed to identify how various types of
efficiency enhancements can reduce the need for energy.
In each area, the analysis looks at which fossil fuels are
currently used and how they can be replaced by other fuels.

10

Abbreviations and
explanations
Base year – The base year is compiled using the
figures from 2009 (district heating, oil, gas,
electricity, wood fuel, other electricity and other
gas) and 2010 (transportation, aviation, shipping,
construction machinery). This choice was made
because 2010 was an extremely cold year, so the
values for 2009 – in terms of both energy needs
and the composition of energy carriers (fuels)
– are a better reflection of a normal year.
CO2e – Carbon dioxide equivalents. The sum of
the effect of these greenhouse gases: carbon
dioxide (CO2), methane (CH4) and nitrous oxide
(N2O) weighted by their respective global warming
potentials (GWP100).
LCA – Lifecycle analysis. The impact from production and distribution of, for example, a fuel and,
where applicable, the disposal of fuel waste.
CCS – Carbon capture and storage, a technique
used to capture and store CO2.
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Roadmap 2050

The roadmap shows how energy consumption within the
geographical boundary of Stockholm can become free of fossil
fuels by 2050. In addition, calculations are provided of the
remaining emissions of methane and nitrous oxide in combustion and the amount of indirect emissions (LCA). These are
called “other emissions” in the plan. The analysis is divided
into:
• Energy production (largely electricity and the heating and
cooling of premises). Covered in more detail in Section 5.
• Energy consumption in buildings (heating and hot water).
Covered in more detail in Section 6.
• Other energy consumption (above all household electricity,
operational electricity and gas for cooking stoves and
processes). Covered in more detail in Section 7.
• Transport (aviation, shipping, construction machinery, road
and rail including public transport, pedestrian traffic and
cycling). Covered in more detail in Section 8.

To sum up, the use of fossil fuels can be virtually eliminated by
2050. Uncertainty prevails regarding fossil-based plastics used
as fuel in district heating, fossil oil for shipping and aviation
fuel. It is estimated that it is possible to reduce total greenhouse
gas emissions from 3,200,000 tonnes in 2010 to 450,000
tonnes in 2050. Expressed in terms of emissions per inhabitant,
this represents a decrease from 3.8 tonnes of greenhouse gases
per year and inhabitant in 2010 to 0.4 tonnes per year and
inhabitant in 2050.
About a quarter of the remaining emissions in 2050 are
estimated to stem from the use of fossil fuels, mainly the
combustion of plastics in district heating production. The
remaining three quarters are LCA supplements and direct
emissions of methane and nitrous oxide from the combustion
of biofuels.

Change in emissions of climate-changing gases
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Figure 2: Emissions of greenhouse gases for the base year and for 2050. The upward adjustment is based on the projected population increase.
The base year is compiled using the values from 2009 (district heating, oil, gas, electricity, wood fuel, other electricity and other gas) and 2010
(transportation, aviation, shipping, construction machinery). 2009 was chosen as the base year because 2010 was an extremely cold year, so
the values for 2009 are a better reflection of a normal year.
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4.1 Energy production
This sector includes all types of energy production for heating
premises, for comfort cooling6 and for locally produced
electricity, heating and biogas. The section also discusses
energy production that takes place outside, but is utilised
within, the city’s geographical boundary. The fossil fuels in
this sector are coal, fossil oil, plastics in waste and RDF/SRF,
and natural gas.

Coal in district heating

Coal is used in the combined heat and power plant at Värtan
for the production of heating and electricity. Fortum Värme is
striving to gradually replace the coal with biofuels. Technically
speaking, this conversion is very complicated, so there is
uncertainty about how large the proportion of biofuels can be.
The roadmap estimates that this plant will have been decommissioned by 2050, which means that coal will then have been
totally phased out as a fuel.

Fossil oil for district heating, boilers and reserve
power

Fossil oil for heating is only used to a limited extent in the city.
About 600 multi-occupancy dwellings and a couple of thousand
single-occupancy dwellings are still heated by oil-fired boilers.
The district-heating system has oil-fired boilers that are used in
the coldest weather. There are also emergency back-up power
plants for hospitals, server farms, etc.
During the past 20 years much of the fossil oil used for
heating has been phased out. The roadmap estimates that this
trend will continue. It is already technically possible to replace
fossil oil with biodiesel in these reserve power plants. Fossil oil
will therefore probably be phased out by 2050.

gases through compensatory measures. A small quantity of
fossil fuel will therefore be used in district heating, but net
emissions of greenhouse gases will be offset.

Gas for heating

A limited amount of gas from the city gas grid is used as energy
in boilers. The gas in the city gas grid currently comprises a
mixture of natural gas and air. It is possible to replace gas with
biogas, but this does require a significant expansion of biogas
production.

Electricity production in the Nordic countries

The use of electricity does not create direct emissions of
greenhouse gases. This is why the use of electricity is only
indirectly affected by the goal of a fossil fuel-free city. The
City’s calculations of the size of the other emissions include a
compilation of how electricity is produced in the Nordic
countries (Denmark, Finland, Norway and Sweden). There is
considerable uncertainty about how electricity will be produced in the future. The roadmap presumes that by 2050
electricity produced in Sweden and other Nordic countries
will be based on renewable sources of energy. It will then be
possible to regard the electricity as fossil fuel-free.

Risks

The greatest risk is that demand for biofuels will exceed
supply. This would prevent conversions and, above all, a
shortage of biofuels would probably escalate the price to a
relatively high level. In such a scenario, fossil fuels (chiefly
coal and natural gas) may have a price advantage.
The amount of fossil-based plastics in the combustion of
waste will increase as the plan is to include a larger proportion
of waste in the future mix.

Fossil-based plastics as fuel

Waste and RDF/SRF7 are currently used as fuel for district
heating, and there are plans to increase their share of the total
energy mix. However, this fuel contains significant amounts of
fossil-based plastics.8 If the city is to become fossil fuel-free,
these plastic fractions must be separated from other waste. On
the other hand, plastic fibres can only be recycled to make new
plastic a limited number of times. This can subsequently be
sent to landfill or used as fuel thanks to its high energy content.
While it will probably be possible to manufacture more
plastics in the future using bio-based raw materials, the
roadmap presumes that there will still be some fossil plastics in
2050. To ensure good resource management, plastic that has
served its useful life ought to be used as fuel after 2050, even
though this conflicts with the goal of a fossil fuel-free city.
Fortum Värme intends to offset its emissions of greenhouse

Preconditions for fossil fuel-free heating
The calculations in the roadmap are based on
fulfilment of these preconditions:
• The CHP6 plant is fully converted to biofuels or
is decommissioned.
• All oil-fired boilers in the district heating system,
local heating plants and buildings are heated
with bio oils or some other form of heating.
• All reserve power plants are run on bio oils or
similar.
• Natural gas in the city gas grid is replaced with
biogas.
• Electricity production in the Nordic countries
becomes fossil fuel-free.

“ Comfort cooling” refers to air conditioning for cooling premises. Cooling for computer
halls, foodstuffs and similar purposes is termed “process cooling”.
7
RDF/SRF consists of construction and industry waste.
8
Plastics made from fossil oil.
6
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4.2 Energy consumption in
buildings
This section concerns the use of energy in buildings in the form
of heating and hot water. Provided that the energy supply to
buildings becomes free of fossil fuels, the amount of energy
required by the building may seem irrelevant. However, an
increase in worldwide demand for biofuels could lead to a
shortage and drive up prices. This is why, in order to achieve
the goal of a fossil fuel-free city, it is important – perhaps
even essential – that energy consumption in buildings needs
to be low.

New construction

Following a Stockholm City Council decision in December
2011 stricter requirements relating to energy use have been
introduced for new construction on land earmarked for
development. Technological advances over the coming years
may lead to gradual further tightening of these requirements.
The roadmap estimates that energy consumption in newly built
properties will be less than half the level prescribed by current
Swedish building regulations. This equates to a 25 percent
reduction compared to the city’s current requirements.

Existing properties

There is huge potential to reduce energy use in existing properties in the city. However, in the case of the many buildings in
the city that are worthy of protection energy efficiency
measures are limited. Another limitation is the forms of
ownership, as many tenant-owned housing cooperatives have
scant financial resources. The roadmap is predicated on the
assumption that the city’s existing building stock can reasonably be made 33 percent more energy efficient on average.

Risks

Active efforts to reduce energy use in the construction sector
may be hampered if municipalities are prohibited from
imposing local requirements on the use of energy in new
construction that are stricter than the national requirements.
Owners of existing buildings may lack financing for rebuilds
that improve energy efficiency.
All in all, this may preclude estimated improvements in
energy efficiency. This may pose a greater need for biofuels
– and the potential problems this can lead to given that biofuel
supplies are limited.

Preconditions for energy-efficient buildings
The calculations in the roadmap are based on
fulfilment of these preconditions:
• The city authorities are able to prescribe high
standards for energy-efficient buildings on land
earmarked for development.
• Adequate financial instruments are available
for financing energy efficiency measures in
existing buildings.

4.3 Other energy use
Encompasses all use of electricity and gas that is not for
heating or transportation. The use of electricity includes
household electricity and operational electricity. Gas is used
in cooking stoves and industry.

Use of electricity

Although electricity use is rising in Stockholm, Swedish
households’ electricity consumption remains below the EU
average. Household use of electricity may be difficult to reduce
as probable energy efficiency gains in home electronics risk
being offset by greater consumption of electronic equipment.
As stated in Section 4.1, this roadmap presumes that the
production of electricity in Sweden and other Nordic countries
will be classed as fossil fuel-free by 2050.

City gas grid

Gas in the city gas grid is used for cooking, various commercial processes (such as the city’s crematoriums) and for boilers.
Today this gas is a mixture of natural gas and air. It is possible
to replace this with biogas, but this does require a significant
expansion of biogas production.

Risks

Biogas has many areas of use, including vehicle gas, fuel in
CHPs and in industry. This means that competition for biogas
will be substantial and supply will be limited – even if production is extensively expanded – while supplies of natural gas are
estimated to remain plentiful.
Preconditions for fossil fuel-free gas
The calculations in the roadmap are based on
fulfilment of this precondition:
• Natural gas in the city gas grid will be replaced
with biogas.
• Electricity production in the Nordic countries
becomes fossil fuel-free.
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4.4 Transport
The analysis is based on the assumption that, with today’s
traffic structure, greenhouse gas emissions from transport will
directly reflect the projected increase in Stockholm’s population. GHG emissions will thus rise by 40 percent compared
with figures for 2009 to 1,380,000 tonnes by 2050.
The transport system is complex with many different needs
and vehicle types. Measures to reduce greenhouse gas emissions must therefore be implemented in several different ways,
in parallel. The principal measures behind a potential reduction
in emissions are therefore:
• Switching from private to public transport for passenger
journeys
• Reducing the need for travel and switching from cars to
walking and cycling
• More efficient transportation of goods
• More efficient “clean” vehicles and switching to biofuels and
electric vehicles.
Initially, three alternative scenarios have been analysed in
Roadmap 2050, with certain measures isolated to show how
emissions can be reduced. Then a main scenario has been
drawn up using a combination of the alternative scenarios and
other measures. The main scenario is the proposal recommended
in the roadmap.
The fossil fuels used in the transport sector are petrol and
diesel. Despite a large proportion of “clean” vehicles, more
than 90 percent of vehicles on the road today run on fossil
fuels. It is technically possible to replace these fuels with
biofuels, but there are many difficulties involved.
Electric vehicles are expensive and have a limited range.
The availability of sustainably produced biofuels is, and will
probably remain, limited. Conversion to a fleet of electric
vehicles is a long-term process dependent on decisions taken
by many stakeholders. New infrastructure for the distribution
of biofuels must be built, etc. The biggest problem, however,
is that the 40-percent increase in the number of vehicles would
significantly impede throughput and would encumber the
traffic system to such an extent that the slightest disruption
would bring the entire flow of traffic to a halt.
The roadmap is therefore based on several different measures that reduce transport needs, encourage the use of public
transport, improve the efficiency of goods transportation and
assume that transportation takes place using efficient “clean”
vehicles that do not run on fossil fuels.

From private to public transport

To encourage more people to travel by public transport, the
public transport services need to be significantly expanded,
while restrictions must be introduced to reduce the appeal of
travelling by car.
The capacity of public transport must be expanded so that,
as a minimum, it can cope with the 350,000 new journeys that
will be created by the population increase. This requires nearly
doubling the capacity compared with the current level. If a
16

greater range of bus and tram services is provided, these forms
of transport need to be prioritised by being given right of way
at signals. In addition, many more traffic lanes must be
reserved for public transport and kept completely free of cars
to prevent buses and trams from getting caught up in traffic
congestion. These measures will also help to inhibit the growth
of road traffic in cars.

Fewer journeys, more walking and cycling

The expected construction of 190,000 new homes and the
resulting population increase present an opportunity to ensure
that essential facilities are close at hand even in the suburbs by
locating key social functions within walking and cycling
distance from people’s homes.
Provided that IT infrastructure continues to expand in all
parts of the city, distance working/telecommuting and virtual
meetings can replace some of the physical journeys that are
made in certain trades and professions today. Local job cafés
can also revitalise local centres and attract more people, thus
motivating the expansion of local services and helping to
reduce the need for travel.
Trips of up to 10 kilometres constitute around 50 percent
of all car journeys made by Stockholm residents. In many
instance these journeys can be replaced by walking and
cycling. Another significant effect of a transition to walking
and cycling is that road space is freed up because these modes
of transport make much more efficient use of the space
available.

More efficient goods transport

The transportation of goods accounts for approximately
35 percent of greenhouse gas emissions from road traffic in
Stockholm. A rise in population will lead to greater needs, not
only for goods to be brought into the city, but for the proportionately larger amounts of waste they generate to subsequently
be driven away. This will take up a large amount of space on
the roads, which can be made available through other
measures.
Several studies show that there is great potential to make
goods distribution more efficient, first and foremost by increasing
the coordination of deliveries and to a certain extent by
optimising delivery routes and times.
Emissions resulting from the distribution of goods can be
reduced by an estimated 20–25 percent, i.e. 5–10 percent of
total emissions from road traffic.

More efficient vehicles, biofuels and electric
vehicles

There is considerable potential to reduce greenhouse gas
emissions from vehicles by improving energy efficiency and
switching to carbon-efficient fuels.
The most important factors in making vehicles more energy
efficient are EU regulations on emission standards for new
vehicles and the price of fossil fuels. Most analysts estimate
that it is feasible to almost halve the energy used by 2050.
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However, this involves a large proportion of electric vehicles
and plug-in hybrid electric vehicles (PHEVs). Renewable fuels
are also needed to further reduce emissions. As renewable fuels
are currently more expensive to produce than fossil fuels,
various instruments will be needed to compensate for this and
facilitate investments in production.
The majority of renewable fuels also require a separate
infrastructure and an optimisation of vehicles for use of these
fuels. This requires simultaneous investments from fuel
producers, fuel distributors and vehicle manufacturers. The
City of Stockholm has already set this process in motion
through its investment in “clean” vehicles.

Air traffic at Bromma

The roadmap presumes that Bromma Stockholm Airport will
still be in operation in 2050. The calculations of greenhouse
gas emissions in Stockholm include air traffic to and from the
airport at Bromma up to 915 metres (3,000 feet) above ground
level. Aviation fuel is a fossil fuel. Based on current knowledge
and industry estimates, it is expected that a quarter of aviation
fuel will still be fossil-based by 2050. Annual greenhouse gas
emissions from aviation fuel are estimated to be 8,400 tonnes
in 2050.

Shipping

Shipping within the city’s geographical boundary is included
in the calculations of greenhouse gas emissions in Stockholm.
Vessels docking in Stockholm are currently powered by oil or
diesel. The calculations used for the roadmap are based on the
number of port calls remaining unchanged at today’s levels.
It is estimated that most incoming cargo on ships will arrive at
ports outside the geographical boundary of the municipality.
The number of cruise ships docking within the city’s geographical borders is, however, expected to rise. While most of these
will have switched to bio oils and biogas, developments in this
regard are uncertain and powers of authority over international
shipping are limited. By 2050 annual greenhouse gas emissions from the use of fossil fuels in international shipping are
estimated to be 10,000–15,000 tonnes.

Construction machinery

Diesel, the commonest fuel for construction machinery, can
already be replaced by biodiesel using today’s technology.
Roadmap 2050 presumes that construction machinery plant
will run entirely on fossil-free fuels, by replacing diesel with
biodiesel.

Risks

The capacity of public transport must increase substantially
within a relatively short time. However, expansion does take
time and requires considerable investments. There is therefore
a major risk that the pace of expansion will be slower than
presumed in the roadmap.
The availability of biofuels will be limited.
There may be a low level of acceptance of walking or

cycling in bad weather. This would place even higher demands
on the capacity of public transport.
The limited availability of natural resources may inhibit the
development of new vehicle technology and components such
as batteries for electric vehicles.
Preconditions for fossil fuel-free travel
The calculations in the roadmap are based on
fulfilment of these preconditions:
• Public transport almost doubles in capacity;
measures are taken to curb an increase in road
traffic using private vehicles.
• The City invests in measures to benefit distance
working/telecommuting.
• Increased pedestrian and cycle traffic.
• The City’s synoptic planning has been developed to coordinate the construction of new
buildings and capacity-boosting measures in
existing and new public transport. Space is
created for a well-developed terminal structure
to manage the supply of goods to the city.
• Fossil fuels will no longer be sold after 2050.
• The City has a well-developed infrastructure for
renewable fuels.

4.5 Timetable
A rough timetable has been drawn up as a guide to help ensure
that the goal of making the city fossil fuel-free is attained on
time. The compilation makes no claim to being exhaustive, but
is rather an attempt to identify a number of areas in which
decisions must be made at an early stage in order for the results
to be achieved within the time frame.
As climate change is a consequence of the aggregate
emissions of greenhouse gases in the atmosphere, the recommendation is made in the Stockholm Roadmap to reach a
decision on and implement measures at the earliest possible
opportunity. This is especially important in the case of measures that it is expected will take a long time to implement. Such
measures include the expansion of public rail transportation
and enforcing limitations that apply to the environmental zones
more stringently – thereby only giving access to vehicles that
run on biofuels or electricity. It is also very important that
priority is given to measures that need to be worked on
continuously throughout the period, and that ambitions with
regard to these are set high from the outset. Examples of such
measures are the shift to fossil fuel-free district heating, energy
efficiency measures in buildings, improved bus services and
measures to facilitate pedestrian and cycle traffic.
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Timetable for measures within energy production – a summary
Mainly affected

City’s measures

2015

Fortum*

Work for conversion of district heating

Fortum*

Work to make the project permanent
Open district heating

Elec. producers,*
City of Stockholm

Work for non-fossil elec. production

City of Stockholm

Work for solar energy plants in the city

Individual
property owners

Work to phase out oil-based plants

Fortum + other
gas producers,*
City of Stockholm

Increased production of biogas

Fortum +
fuel companies*

Work to phase out national gas

2020

2025

2030

2050

* Here, the City is only permitted to propose action; the decision must be taken by a party that is independent from the City’s organisation.

Decision
Ongoing measure
Implemented

Checklist for energy production

• 
Follow up the development of bio-based plastics that can replace fossil-based plastics.
• 
Follow up Fortum’s conversion work.
• 
Follow up the phase-out of oil-based heating and reserve power plants that run on oil and gas.
• 
Follow up the phase-out of natural gas in the city gas grid and for vehicle gas.
• 
Follow up long-term goals and policy instruments regarding biogas production.
• 
Follow up the development of electricity production.

Timetable for measures within energy use in buildings – a summary
Mainly affected

City’s measures

2015

City of Stockholm

City improves energy efficiency in its own
buildings

Property owners*,
City of Stockholm

Joint work to improve energy efficiency
in other properties

2020

Checklist for energy use in buildings

2025

2030

2050

• 
Follow up development in construction of new buildings and tighten energy requirements as this becomes technically and
financially possible.
• 
Follow up energy efficiency improvements in existing properties.
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Timetable for transport measures – a summary
Mainly affected

City’s measures

SL,
City of Stockholm

Work to establish strategy for more
public transport passengers

SL,*
City of Stockholm

Work to expand rail transport or BRT

SL,
City of Stockholm

Prioritise buses and trams at signals

SL,
City of Stockholm

Expand public transport lanes

SL,
City of Stockholm

Earmark land for bus depots

City of Stockholm

Introduce more restrictive parking
rules

Govt + Parliament,*
City of Stockholm

Work to establish developed and
differentiated congestion tax

City of Stockholm

Measures to increase cycling

City of Stockholm

Measures to increase distance working

Haulage,
City of Stockholm

Measures for greater groupage

2015

2020

2025

2030

2050

2030

2050

Swe. Transport Admin., Investigate locations of centres for
City of Stockholm
groupage, rail and shipping
SL,
City of Stockholm

Show how 190,000 new homes will
be functions in their local area and
have good traffic access

Govt + Parliament,*
City of Stockholm

Work to create environmental
zones with a ban on use of fossil fuels

Govt + Parliament,*
City of Stockholm

Work to create economic incentives
that favour the “clean” cars with least
impact on the climate

City of Stockholm

Investigate how much the City’s
procured transport services affect
energy use and CO2e emissions

City of Stockholm

Groupage and route optimisation in
the City’s procurements

Set stricter requirements on
Swe. Transport Admin.,
construction machinery, and fuels in
City of Stockholm
procurements

Checklist for transportation

• 
When revising the synoptic planning, follow up to ensure that the plan supports the climate goals.
• 
Follow up the expansion of public transport.
• 
Follow up improved throughput (ease of access) for public transport.

Compensation (offsetting)
Most affected

City's measures

2015

Govt + Parliament,*
City of Stockholm

Work to implement carbon-offsetting
measures

2020
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4.6 Cost analyses
The roadmap does not include any actual cost analyses. They
must be calculated when measures are stipulated in detailed
plans drawn up by the parties that will implement the measures. Sections 5–8 include discussions of costs and, in certain
cases, general estimates of what the measures studied in the
roadmap cost per tonne of greenhouse gases. Socioeconomic
costs and benefits have not been taken into account.

A few conclusions to note:

The costs of reducing greenhouse gas emissions from the
heating of properties (Sections 5 and 6) are much lower if the
measures take place in the production of district heating than if
they take place through energy efficiency enhancement in
buildings.
However, it is often cost-effective for property owners to
improve energy efficiency because the costs of purchasing
energy decrease. This summary only presents the costs of
improving the energy efficiency of the building and the lower
costs of purchasing energy related to the reduction of greenhouse gas emissions.
Investments in rail transportation (Section 8) are very costly
for society, but enable motorists to switch to public transport
instead and thereby substantially reduce their costs. It is also
conceivable that many more Stockholm residents will prefer to
have access to a car via a carpool rather than owning a vehicle
themselves. Investments in public transport create other
benefits for society besides reducing greenhouse gas emissions; these have not been studied in this report.
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In-depth analysis
Energy production
Energy use in buildings
Other energy use – electricity and gas
Transport
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Energy production

The next section discusses the energy production that takes
place within the city’s geographical boundary, which mainly
comprises district heating or CHP production, but also locally
produced electricity, heat and biogas. The section also encompasses the energy production that takes place outside the city’s
geographical boundary and the consumption of this energy
within Stockholm.

5.1 District heating
Some coal and fossil oil are still used in Stockholm’s district
heating plants. By converting the boilers to biofuels, the net
amount of fossil CO2 released into the atmosphere can be
reduced. Fortum Värme, the company that is responsible for
most of the energy produced for heating in Stockholm, has
committed to “Position 2030” – the company’s ambition to
supply climate-neutral district heating by 2030. This will
involve phasing out fossil fuels and increasing the production
of energy for district heating and district cooling from waste,
RDF/SRF, biofuels and the use of electricity. Fortum is also
planning to use compensatory (carbon-offsetting) measures.

5.1.1 Residual products in Fortum’s
production plants

A large proportion of waste and RDF/SRF consists of various
plastics. Today these plastics significantly contribute to fossil
emissions of greenhouse gases.
The calculations assume that the proportion of plastic will be
reduced by 40 percent by 2050 compared to today’s levels. It is
estimated that 50 percent of the plastic fraction will be
bio-based and the other half fossil-based. To counteract this
future scenario, a study would need to investigate the potential
of switching to a greater proportion of bio plastics as alternatives to the fossil plastics within the various applications for
plastics in Stockholm.
From the perspective of good resource management the
matter of how to deal with plastic in household waste can be
discussed. Plastics could be sorted from the waste to a greater
extent and recycled, but today there are limitations as to which
plastics can be recycled and how many times the material can
be recycled. In the future it may be possible to recycle additional types of plastics and to recycle them in more stages than
is currently the case.
When the plastic fibres can no longer be recycled the
residual material must be dealt with in some way. One alternative is to send the plastic fraction to landfill; provided that the
plastics do not decompose, this results in what is, in practice,
a carbon sink. When the right technology becomes available,
these plastics can be recycled to reusable quality again. (Any
possible leakage of greenhouse gases from landfills is not
included in the City’s calculations of greenhouse gas emissions.) From the perspective of good resource management it
may also be beneficial to utilise energy from spent plastic as
fuel in district heating rather than sending it to landfill.
However, this does lead to fossil emissions from district
heating.

5.1.2 An integrated district heating system

The city needs an integrated district heating system, in which
all forms of energy resources are used together; this would be
necessary to harness energy not currently utilised to any great
extent, such as solar power and waste heat.
In the warmest six months of the year, the greater part of the
heating or hot water requirements could be met using solar
panels. The same could apply to the cooling of buildings,
which could take place efficiently and using little energy by
harnessing energy from solar panels with absorption technology. The surplus energy produced when the sun gives off more
energy than is required, could be stored or transported to
buildings that for various reasons cannot make direct use of
solar power.
During the cold part of the year, there is residual heat in
buildings where many people reside or work at the same time,
from business processes or from various kinds of equipment.
In an integrated heating system, such surplus heat can be
recovered and used in buildings where there is a shortage of
heat.
Fortum Värme is currently running a project – Öppen
Fjärrvärme (“Open District Heating”) – to recover surplus
energy.

Effects of an integrated heating system

An integrated heating system can significantly reduce greenhouse gas emissions. The reduction in energy use is achieved
by a twofold process of utilising surplus energy that currently
goes to waste, and utilising solar power instead of fossil fuels
or biomass, enabling these fuels to be used for other
applications.

5.1.3 Reduced need for district heating

Demands for improved energy efficiency in existing buildings,
and stricter requirements for new ones will reduce the overall
need for district heating within Stockholm’s geographical
boundary. (Section 6, Energy use in buildings.)

Consequences

If district heating is expected to become climate-neutral by
2030, reduced use does not mean reduced greenhouse gas
emissions. However, it is significant in terms of good resource
management.
Reducing the need for district heating within the city’s
boundary will not necessarily result in the decommissioning of
the heating plant with the worst climate credentials. The city
authorities and Fortum Värme must actively work together to
prioritise the phase-out of fossil fuels.
One possible solution is to link larger district heating
networks to enable surplus production in one network to be
transferred to another. This creates broader demand for district
heating when urban development expands both within and
outside of the municipality.
Reduced need for district heating in the built environment
leads to smaller energy supplies per building, but with an
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infrastructure that is unchanged in size. This means that fixed
costs for investments in plants and pipes as well as maintenance of the infrastructure will be higher per supplied kilowatt
hour. This problem becomes especially noticeable when new
city districts are developed with buildings that need far less
energy than existing properties. However, it is important that
pipes are laid to the buildings so that any surplus energy can
be used within the district heating network.
A more in-depth study is required to investigate how the
district heating network can be adapted to reduced needs for
energy and power, in which actors in the district heating
industry, the Swedish Property Federation, major property
companies and municipalities surrounding the district heating
network all participate.

5.1.4 Uncertainties surrounding policy
instruments and price trends

In 2009 the board of directors of Fortum Värme agreed on the
ambition to produce district heating using only minimal
resources and in a climate-neutral way by 2030.9 This goal
presupposes that the system of electricity certificates or similar
is retained, the price of emission allowances rises and the
prices of biofuels are favourable.
The calculations in the roadmap are based on
fulfilment of these preconditions:
• The City pursues the issue of fairly quickly
phasing out the use of fossil fuels in the district
heating system.
• The City works to make Öppen Fjärrvärme (the
“Open District Heating” project) a permanent
and widely available feature.
• The City works to enable a transition to biobased plastics.

5.2 Electricity production
Some electricity is produced at CHPs within Stockholm’s
geographical boundary. Calculations of greenhouse gas
emissions can vary considerably depending on how the system
limits are set. From a climate perspective, Swedish and
Norwegian electricity production is extremely favourable
because of the predominance of nuclear and hydro power.

Calculations of greenhouse gas emissions from electricity
consumed within the municipal limits of the city are based on
the Nordic electricity mix, i.e. the average electricity production that takes place in Sweden, Finland, Denmark and
Norway. Danish and Finnish electricity production still
remains reliant on fossil fuels to some degree.
In Denmark there is significant momentum to increase
renewable electricity production through major investments in
wind power. Denmark’s electricity and heating production is
to be entirely based on renewable energy by 2035.10 In Finland
one third of the nation’s electrical power is currently generated
by plants using fossil-based fuels, including peat.11
According to Finland’s long-term energy strategy, by 2020
renewable energy will constitute just under 40 percent of
electricity production. The plans forecast reductions of 80
percent in emissions compared to today’s level.12 A new energy
strategy will be issued in 2012, according to which Finland
will then draw up a roadmap for 2050.
There is considerable uncertainty surrounding future
electricity production. Following the nuclear power accident in
Fukushima (Japan), Germany and some other countries have
decided to phase out nuclear power from their electricity
production network. Finland is currently building a new
reactor, and is planning another, at one of its nuclear power
plants.13 The Stockholm Roadmap 2050 is predicated not only
on the willingness to expand renewable electricity production
in Sweden and the implementation of ambitions to do so,14 but
also on the assumption that the other Nordic countries will
pursue a similar path based on the vision of climate-neutral
electricity.15
From a fossil fuel-free perspective natural gas may pose
something of a problem as it currently constitutes part of the
Nordic electricity mix. With the right incentives for greater
biogas production through, for example, thermal gasification
of forest by-products (see Section 5.4) – for which both
Sweden and Finland undeniably have ample raw materials –
it may be possible to replace electricity production based on
natural gas with electricity produced using biogas. Electricity
from biogas would also act as a form of balancing energy in
relation to other more stochastic forms of energy, such as wind
power.
One precondition for the climate-neutral mix of electricity
on which this roadmap is predicated is the use of carbon
capture storage (CCS) technology as part of a future Nordic
electricity production system in which peat and natural gas are

Copenhagen’s Climate Plan.
 fficial Statistics of Finland (OSF): Production of electricity and heat [e-publication].
O
12
According to the Swedish EPA’s roadmap.
13
http://www.energinyheter.se/2012/06/milstolpe-n-dd-i-finsk-k-rnkraft
14
IVL/WWF Energy Scenario for Sweden 2050.
15
Profu Scenarier för utvecklingen av el- och energisys-temet till 2050 (“Scenarios for the
development of the electricity and energy system by 2050”, report by Profu, an
independent consultancy and research company).
10
11
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retained. The approach to fossil electricity production differs
slightly between the Nordic countries. The Danish standpoint
is that the actual electricity production process should generate
no fossil CO2 emissions, while Finland is considering phasing
out fossil fuels if CCS cannot be used to manage emissions.
Provided that CCS technology is developed successfully and
cost-effectively, it is also possible to use the technology as a
carbon sink.

Stockholm’s own initiative

One way to facilitate the transition to renewable electricity is
to work to promote new production at local or regional level
through the use of, for example solar or wind energy. Equipment
to harvest solar energy, for example, can be installed on the
City’s own properties. This approach is clearly stated in the
City’s guidelines for producing energy close to where the users
of energy are located.
Another alternative is to cover all or part of the city’s
electricity needs by investing in new electricity production
facilities at wind farms outside the municipality. This would
mean that the general public would benefit from a larger
proportion of today’s renewable electricity production without
the need for each individual consumer to personally sign a
contract for renewable electricity. Such measures to expand
the supply of renewable electricity are important because it is
anticipated that there will be an increase in the use of electricity
both to heat properties (Section 5) and to meet the needs of the
transport sector (Section 5).
In the new city district of Stockholm Royal Seaport the
intention is that newly erected properties will produce at least
2 kWh/m2A-temp based on locally/regionally produced renewable
energy. This does, however, require new investments in rooftop
solar arrays, solar farms, wind farms, etc. The reasoning behind
this is to ensure that at least part of the electricity consumption
is covered by new investments in renewable electricity production, so that any increase in the use of relatively climate-friendly
electricity does not precipitate an increased need for imported
electricity produced using fossil fuels.

Imported electricity

As the electricity consumed within Stockholm’s geographical
boundary is mainly imported from the rest of Sweden and the
Nordic countries, the simplest way to influence electricity
production is to invest in renewable electricity or to continue
to purchase eco-labelled electricity for the City’s own
consumption.
It is also important to work towards creating national
awareness of the need to at least secure domestic production
of renewable electricity. In the longer term these efforts can
extend towards stimulating the other Nordic countries to
achieve a similar goal.

The calculations in the roadmap are based on
fulfilment of these preconditions:
• The City works to establish solar farms or other
facilities producing locally renewable electricity,
on the City’s own buildings.
• The City works to install solar energy equipment
on other buildings in the city in addition to the
City’s own properties.
• The City works in various contexts to ensure that
the electrical power produced within the city’s
geographical boundary is produced using
non-fossil fuels.
• The City works to encourage a national decision
on a goal for general surplus production of
electricity in Sweden, in order to reduce the risk
of the need to import electricity.
• The City works to ensure that national electricity
production only uses non-fossil fuels and that
the other Nordic countries continue to switch
to fossil-free electricity production.

5.3 Conversion from fossil oil
Oil consumption as a whole has fallen by 80 percent in just
over 20 years. The amount of oil used for heating has plummeted by 94 percent.
Oil boilers are continually being replaced by other heating
systems, and there is no reason to believe that this trend will
reverse.
The roadmap assumes that owners of single-occupancy
houses will convert oil boilers to heat pumps that incorporate
some kind of geotechnical solution. It is assumed that 50
percent of owners of multi-occupancy dwellings, offices and
commercial premises will choose district heating and 50
percent will choose a heat pump solution.
The roadmap assumes that it will be possible to convert the
small, oil-fired district heating plants mainly used for peak load
usage into plants that use pellets or some form of biodiesel.
A large proportion of the local heating plants belong to Fortum
Värme, but Stockholm’s own property companies also have
a few small district heating plants. The City’s own companies
have decided to convert to biofuels. The city authorities and
Fortum Värme should jointly pursue the option of converting
small peak load plants into sustainable bioenergy solutions.
Fossil oil may also occur in privately owned small district
heating or local heating plants and in industry – for both
production and heating. The precise amount of oil used in these
facilities is not known. At present reserve power plants for
hospitals, server farms and other facilities that provide society
with various essential services also use fossil fuels. It is
presumed that conversion of these facilities will be possible
when the technological and financial conditions are suitable.
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The calculations in the roadmap are based on
fulfilment of these preconditions:
• The City works to phase out the use of oil in
peak load facilities.
• The City works in a variety of contexts to accelerate the development of the sustainable and
commercial production of bio-based diesel
fuels.

The calculations in the roadmap are based on
fulfilment of these preconditions:
• The City works to phase out natural gas in the
city gas grid.
• The City pushes for long-term goals and policy
instruments for biogas production using waste
products from the city.
• The City pushes for long-term goals and financial policy instruments to encourage and ensure
competitive biogas production using waste
products, forest residues, etc. from the rest of
Sweden, along with small-scale biogas production from agricultural waste, for example.

5.4 Energy from gas
City gas is still used for heating in some single-family homes
and multi-occupancy dwellings in Stockholm. Construction of
the city gas grid started back in the mid-1800s and the system
has evolved from using oil-based gas to natural gas mixed with
air. The city has a newly built vehicle gas grid, in which the gas
is a mix of biogas and natural gas, where the respective
proportions depend on the current availability of biogas.
There is considerable potential to produce biogas from
forest residues and agricultural waste, for example through
thermal gasification of various types of cellulose-rich
materials.
Biogas can also be produced through anaerobic digestion of
sewage sludge and household waste, separately or combined
– making productive use of Stockholmers’ waste products.
In 2010 biogas production in Sweden totalled 1.4 TWh. In
the future there is the potential to produce as much as 74 TWh
including thermal gasification.16 This corresponds to the
national energy supply from hydro power, calculated with a
thermal efficiency rate of 90 percent for CHP. For the production of electricity alone, the thermal efficiency may reach
60 percent in modern plants.17
Long-term political decisions and policy instruments are
required to maximise utilisation of the biogas potential.
By 2050 the use of gas in individual boilers will probably
level off at the present level or decrease. The conversion from
gas to other forms of heating will probably lead to the installation of heat pumps, or possibly district heating for multi-occupancy dwellings, which will reduce future competition for
Stockholm’s biogas. In 2011 the supply of city gas to the city
gas grid was 116 GWh. According to the reasoning above, it
should be possible to convert this to biogas before 2050.
The city will have a substantial need for biogas from the rest
of Sweden. To meet this need, it is therefore important for the
city that biogas production is stimulated nationwide.

 iogas from manure, waste and residual products. Goda svenska exempel (“Good
B
Swedish examples”). The Swedish EPA, 2012, report 6518.
17
http://www.elforsk.se/Global/Trycksaker%20och%20broschyrer/ELFORSK_
PERSPEKTIV_NR2_2012.pdf

5.5 Costs, policy instruments
Fortum has calculated that the investment costs for realising
the vision of fossil fuel-free district heating in Stockholm will
amount to SEK 15 billion. This investment will reduce the
city’s greenhouse gas emissions by a total of 590,000 tonnes.
Calculated over a depreciation period of 40 years, this equates
to an investment cost of SEK 635/tonne of greenhouse gases,
a figure that corresponds well to other calculations made in
similar conversion programmes.18
The estimated cost of converting oil boilers to pellets boilers
is SEK 624/tonne of greenhouse gases.
Electricity is continuously imported and exported over
national borders, and as far as Sweden is concerned, most of
this activity takes place with Finland, Norway and Denmark.
The greenhouse gas impact is generally calculated from this
electricity mix that constitutes the combined Nordic electricity
market. If greenhouse gas emissions are to be reduced during
the production stage, Sweden is not the only country that must
eliminate fossil fuels from its electricity production; the other
countries in the Nordic electricity market must take the same
step. Such decisions are, however, made at national level and
in other countries, which means that the degree of control that
can be exercised at municipal level is very limited and the
investment costs per tonne of greenhouse gases are extremely
difficult to estimate.

16

26

18

 cKinsey&Company; Möjligheter och kostnader för att reducera växthusgasutsläpp i
M
Sverige, (“Opportunities and costs of reducing greenhouse gas emissions in Sweden”)
p.15 Figure 2.
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Energy use in buildings

Figure 3: Trends in energy needs for heating and hot water in buildings
1995–2009 (Swedish District Heating Association Heating Report 2012).

This section is concerned with the use of district heating and
electricity for heating and hot water in buildings, that is to say
the energy performance and energy-efficiency potential of
buildings. Conversion from oil to district heating or heat pumps
is discussed in Section 5, Energy Production. Electricity for the
operation of buildings, household and operational electricity, is
discussed in Section 7, Other Energy Use. This section first
analyses how the energy efficiency of existing buildings can be
improved, and a projection is then calculated for energy use in
buildings that will be erected between now and 2050.
According to the City’s calculations of greenhouse gas
emissions, the proportion for the heating sector varied between
42 and 46 percent during the years 2005 and 2010. With a more
precise breakdown, around 30 percent relates to buildings and
around 10 percent to the energy plants and the distribution
network. As shown in Sections 5 and 7, both district heating
and electricity are expected to have a steadily declining impact
on greenhouse emissions, as these functions are improved from
the point of view of their respective impact on the climate.
According to the National Board of Housing, Building and
Planning report God bebyggd miljö delmål 6 (“A Good Built
Environment. Interim Target 6”), “total energy use per heated
unit of floor area in homes and non-residential premises is to
decrease. The decrease should be 20 percent by 2020 and
50 percent by 2050 compared with use in 1995.”
The report Energi i bebyggelsen (“Energy in the Built
Environment”) analyses the effect of halving energy use per
unit of floor area for the whole of the built environment. To
simplify, the target can be divided into three parts: energyefficiency improvements in existing buildings, energy use in
new buildings yet to be erected and reduced use of electricity
in the operation of buildings, in households and non-residential
activities. The three initiatives together are to lead to a 50 percent
reduction in energy use per unit of floor area (kWh/m2 A-temp
and year) in 2050 compared with 1995.
As shown by Swedish Energy Agency statistics (Figure 3),
between 1995 and 2009 energy use per square metre for heating
and hot water in buildings fell by 15 percent for multi-occupancy dwellings and around 20 percent for private homes and

non-residential premises. Use of operational and property
electricity rose sharply over the same period, while household
electricity remained constant. (For analyses and measures for
this part of the energy-efficiency target, see Section 7).
Statistics for the City of Stockholm indicate that the trend
in the city has been similar to that in the rest of the country.
Notwithstanding the rise in population, energy for heating
(district heating and electricity) fell by 12 percent between
2000 and 2009, while other electricity use increased by
22 percent over the same period.

An overall view

The decrease in energy use for heating and hot water has
averaged around 18 percent since 1995. A further decrease
of just over 30 percent needs to take place if energy need is to
be reduced by half.
If the measures described in Sections 5 and 7 are implemented,
it is estimated that net greenhouse gas emissions from district
heating and electricity in 2050 will be zero. In a situation such
as this energy-efficiency measures in the built environment
will not result in any direct reductions in greenhouse gas
emissions. For resource management reasons however, it is
important to limit the use of energy. This is because access to
bioenergy is limited, while demand is expected to grow.
Strong measures must be taken to reduce energy use,
particularly electricity for the operation of buildings and
commercial activities (Section 7).

6.1 New construction
It is assumed that 5,000 apartments will be built annually
between 2012 and 2050 – a total of 190,000 new apartments.
Each apartment is estimated to have 70 sq. m of floor space.
With heated ancillary spaces such as stairwells, shared laundries
and store rooms, each apartment’s A-temp is estimated as
100 sq. m. Based on these estimates, there will be a further
19 million square metres of domestic premises and just over
8 million square metres of offices and other non-residential
premises, corresponding to an increase of around 40 percent.
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It assumed that 80 percent of buildings in new construction
will be connected to district heating and that the remaining
20 percent will have heat pumps.
Since 1 July 2012 there have been stricter requirements on
energy use for buildings on land earmarked for development
by the City. As the City owns 70 percent of the land within its
geographical boundary, it has been assumed that the proportion
of new buildings that comply with these stricter requirements
is also 70 percent. Other new construction is assumed to have
taken place on land that is not municipally owned. On this land
it is the building regulations of the National Board of Housing,
Building and Planning (BBR) that apply. However, current
trends in construction indicate that new buildings are actually
more energy-efficient than BBR requirements stipulate.
The roadmap proposes that even stricter requirements
regarding energy use are introduced by 2025 and that by 2038
these stricter requirements apply to both land earmarked for
development by the City and to land subject to BBR regulations. A more frequent tightening of requirements is feasible,
but hardly at a faster rate. It takes around seven years from the
date when land is earmarked for development until a building
has been erected and has been in operation for the two years or
so that are needed in order for its energy-efficiency performance to be evaluated.
In the current situation it appears difficult to reduce energy
use below 40 kWh/m2 based solely on technological solutions
and changes in behaviour. Little heat is used up in heating the
fresh air that must be supplied continuously to buildings. The
calculations below are based on relatively small volumes of hot
water and a halving of the use of property electricity compared
with low levels in present-day new construction.
To further reduce the need that buildings have for supplied
energy, all buildings are expected to produce their own energy
in the form of electricity from solar cells or heating from solar
panels. This locally produced energy is based on solar cells that
are twice as efficient as in present-day technology.

6.1.1 New construction on land owned by the City
If energy use per unit of floor area is to be reduced by half in
the built environment as a whole, new construction on land
earmarked for development by the City needs to limit energy
use for heating, hot water and property electricity as follows:
• 55 kWh/m2 between 2012 and 2024 =
42,900 apartments and 1,800,000 m2 of non-residential
premises.
• 42 kWh/m2 (purchased energy) between 2025 and 2037 =
42,900 apartments and 1,800,000 m2 of commercial
premises.
• 30 kWh/m2 (purchased energy) between 2038 and 2050 =
42,900 apartments and 1,800,000 m2 of commercial
premises.

Energy needs in new buildings on land earmarked
for development by the City
2012–2024

2025–2037

2038–2050

Heating

20

16

12

Hot water

25

25

25

Electricity for
building use

10

8

6

Total kWh/m2

55

49

43

In addition to this there is the expansion of locally produced
energy (see Section 5)
Own-production
energy

–7

6.1.2 Other new construction

To halve energy use per unit of floor space in the built environment as a whole, energy use for heating, hot water, property
electricity in new builds on land not owned by the City must also
be limited:
• 75 kWh/m2 between 2012 and 2024 =
20,400 apartments and 800,000 m2 of non-residential
premises.
• 60 kWh/m2 (purchased energy) between 2025 and 2037 =
20,400 apartments and 800,000 m2 of non-residential
premises.
• 40 kWh/m2 (purchased energy) between 2038 and 2050 =
20,400 apartments and 800,000 m2 of non-residential
premises.

Energy needs in new buildings on land other than
that owned by the City
2012–2024

2025–2037

2038–2050

Heating

35

30

20

Hot water

25

25

25

Electricity for
building use

15

12

8

Total kWh/m2

75

67

53

District heating
(80%) GWh

98

90

73

1

1

1

Heat pumps
(20%) GWh

In addition to this there is the expansion of locally produced
energy (see Section 5)
Own-production
energy
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6.3 Scenarios

The roadmap’s calculations for new construction
are based on:
• The City decides on a progressive tightening of
requirements for energy use in new construction
on City-owned land.
• The City works for the introduction of a progressive tightening of the national (BBR) requirements for energy use in new construction on
other land in the city.
• The City advocates architectural solutions that
reduce energy needs for heating and air conditioning in buildings. (Decisions must be preceded
by a study that describes the measures to be
taken.)

The roadmap outlines two scenarios:
Scenario 1: The energy efficiency of the existing built
environment in the city is improved with regard to heating and
hot water by an average of just over 30 percent. Together with
measures to make new buildings highly energy-efficient, this
halves energy use per square metre.
Scenario 2: The energy efficiency of the existing built
environment in the city is improved with regard to heating and
hot water by an average of 50 percent. Together with measures
to make new buildings highly energy-efficient, this reduces
energy use per square metre by almost 70 percent.

6.3.1 Scenario 1:
Improving energy efficiency of existing
buildings by an average of just over
30 percent

6.2 Existing buildings
The existing built environment in Stockholm comprises some
64 million square metres of floor area, broken down as shown
in the table below.

Breakdown of existing built environment in
Stockholm
Square metres A-temp

%

Multi-occupancy
dwellings:
rented apartments,
public housing

8,500,000

13.6

Multi-occupancy
dwellings:
rented apartments,
other

9,000,000

14.4

Multi-occupancy
dwellings:
tenant-owner
associations

17,800,000

28.4

Private homes

6,500,000

10.4

12,000,000

19.2

8,800,000

14

Offices
Other premises

It is assumed that energy-efficiency measures can be taken at
three levels:
Energy-efficiency improvement LOW level (15–20 percent
reduction in energy needs):
• Adjusting control/regulating equipment.
• Replacement of radiator thermostats.
• Draught-proofing of windows and doors.
• Water-saving nozzles on taps and showers.
Investment cost: approx. SEK 100 per sq.m.
Energy-efficiency improvement INTERMEDIATE level
(30–35 percent reduction in energy needs): Other action in
addition to low-level measures:
• Replace control and regulating equipment.
• Upgrade windows by replacing glass or adding extra glazing.
• Install exhaust-air heat pumps or FTX systems.
• Additional loft insulation.
• Heat recovery from wastewater.
Investment cost: approx. SEK 1,000 per sq. m.
Energy-efficiency improvement HIGH level (50–55 percent
reduction in energy need): Other action in addition to inter
mediate level:
• Replace windows.
• Additional insulation of frontages.
• Extra basement/foundation insulation.
• Eradication of cold bridges.
Additional cost of energy-efficiency improvement: approx.
SEK 2,500 per sq.m. (plus cost of new windows, frontages
etc.)
It is possible for property owners to implement energy-efficiency measures with simple solutions that require relatively
small investments. One way to halve energy use (purchased
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energy) in a building connected to district heating is to disconnect from the district-heating network and install a groundsource heat pump. The consequence, however, is a smaller
customer base for district heating, leading to steep price rises
for remaining district-heating customers, as fewer users share
the costs for installations and piping infrastructure.
On the plus side, heat pumps utilise heat in the air or
geoenergy (i.e. solar energy that is stored in the ground). The
energy factor for a heat pump that utilises the heat in the air is
3; this means that for every kWh of electricity the pump uses,
3 kWh of heat can be supplied to the building. The energy
factor for geoenergy pumps is 4 when used only for heating a
building and 6 when both heating and cooling a building.

Private homes (detached, semi-detached and
terraced houses)

There have been major changes in heat sources since 1995.
As oil-fired boilers have been replaced by various types of heat
pumps, the amount of supplied energy has more than halved.
Two-thirds of private homes have reduced their energy need by
at least 50 percent as a result of the installation of heat pumps.
There is potential to reduce energy use by another 15–25
percent in these homes by implementing low-level measures,
and new heat pumps installed in the future will probably have
a higher energy factor than those in use today.
In private homes with direct-acting electricity (one third of
the total number of private homes), there is somewhat greater
potential if an air-air heat pump has not yet been installed. There
are no statistics on how many such pumps are in operation.
Private homes usually undergo the greatest refurbishment
in connection with a change of ownership. Kitchens and bathrooms are modernised and indoor surface finishes are freshened up by painting and wallpapering to suit the new owner’s
tastes. In between times, frontages, windows etc. are painted
and the roof is relaid.
A fairly small number of private homes were given additional
insulation in the 1970s. This took place at the time when
wooden frontages were replaced by so-called maintenance-free
cladding of sheet metal or fibre cement sheets. Many of these
houses have now regained a wooden frontage. Experience
shows that all buildings must be maintained. If the original
materials are well looked after, they can last almost indefinitely.
Consequently it is rarely relevant to talk about changing to
energy-saving windows or adding extra insulation for frontages even when replacements have to be made. Instead there
are other kinds of energy-saving measures that can be taken.
Additional insulation for the foundation, external walls and
roof of a private home results in a relatively greater energy
saving than for a multi-occupancy dwelling. However, the cost
is very high, and frontages are rarely in such poor condition
that they need to be replaced.
The total energy-reducing potential for private homes
averages 20 percent = 143 GWh/year.
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Breakdown of energy used for heating and hot
water in private homes in 2010:
Form of heating

Proportion = floor
area

Ground-source
heat pump

1

Air-water heat
pump

1

Electric radiators
(direct electric
heating)

1

Oil

2,000 units
= 250,000 m2

Comment

/3 = 2,100,000 m2
/3 = 2,100,000 m2
/3 = 2,100,000 m2 Often supplemented by an
air-air heat
pump

Multi-occupancy dwellings

Far-reaching energy-efficiency improvements (measures
leading to a reduction in energy use of more than 35 percent)
are only attained in conjunction with extensive refurbishments.
It is rare for such extensive refurbishments to be undertaken by
tenant-owners’ associations or property owners with a small
property stock. The nature of the building stock in Stockholm
is also such that additional insulation of frontages may be
difficult.
Additional insulation on the inside of the outer wall reduces
the lettable floor area, leading to lower income from rentals.
An apartment of normal size decreases by around 3 percent.
This may appear negligible, but the price of energy has to rise
by almost 30 percent to offset the losses in rental revenues.
Added to this are the labour and material costs for additional
insulation work. It may be difficult to find acceptable solutions
in the space-efficient apartments built in the 1930s, 40s and
50s. The costs may become high due to extensive kitchen and
bathroom refits.
Additional insulation on the outside of the outer wall often
changes the appearance and proportions of the building. This is
therefore avoided for conservation reasons on brick frontages,
rusticated rendered frontages and historic buildings worthy of
protection. In Stockholm this applies to many such buildings in
the inner city, and all buildings with brick frontages in the outer
city.
Additional loft insulation is usually only feasible if the loft is
unfurnished. It is obviously possible to insulate on the outside
of the roof, but this is generally very expensive.

Tenant-owner associations

Tenant-owner associations account for slightly more than half
of the apartment stock (54 percent). For several reasons these
apartments will not be the object of major refits. Maintenance
usually takes place gradually over many years. For financing
reasons limited action is taken on each occasion. Frontages are
never replaced but are repaired and painted. Windows have
energy-saving glass fitted and are painted. In addition, as the
building must remain inhabitable during the work, major refits
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are never undertaken on a single occasion. All part-owners
need funds to maintain their own apartments, so shared costs
are kept low. Many part-owners also take a short-term view of
their ownership responsibilities, living in the property for only
a limited number of years and thus seeing no personal benefit
in any future reduction in operating costs. The most cost-effective measures for this group are those that raise standards in
shared spaces, as these tend to increase the sale value of the
apartment.
The potential for improvement in energy efficiency averages
30% = 801 GWh/year.

Public housing (Familjebostäder, Stockholmshem
and Svenska Bostäder)

Private apartment blocks

This category comprises buildings that vary greatly in terms
of age, use and nature. It is therefore difficult to assess the
potential for energy-efficiency improvements. Experience
indicates that many office buildings and shopping centres are
radically refurbished when new functional requirements arise.
Far-reaching energy-efficiency improvement measures are
often taken when these refurbishments are carried out. On the
other hand, it is often difficult to improve energy efficiency in
buildings such as churches, museums and old properties
subject to conservation requirements.
The potential for improvement in energy efficiency for
office averages 35% = 588 GWh/year.
The potential for improvement in energy efficiency for other
premises averages 30% = 396 GWh/year.

There is great diversity in ownership structures from individ
uals who own just one building to large property companies.
Around a quarter of the stock is owned by larger companies
and the rest by owners with a small number of buildings.
Owners with few buildings are in a similar situation to tenantowner associations. The potential here is for energy-efficiency
measures at the intermediate level. Major companies generally
have a management plan that makes it possible to invest in
energy efficiency measures at the higher level. Buildings
subject to conservation requirements, however, can generally
only be subject to energy efficiency improvements at the
intermediate level.
The incentives for property owners to improve energy
efficiency are not strong. Energy costs account for the smallest
portion of rent, around 13 percent. This means that a doubling
of the price of energy leads only to a rise in rent of the same
extent (13 percent). In addition, rental values are fully compensated for that cost as it forms part of the basis for any increase
in rent. In contrast, the investment costs of energy efficiency
improvements do not form part of the basis for rent increases.
The potential for improvement in energy efficiency averages
30% = 405 GWh/year.

The three housing companies in Stockholm manage around
8.5 million square metres. The companies have management
plans that permit energy-efficiency measures at the higher
level. Buildings subject to conservation requirements, however, can generally only be subject to energy efficiency
improvements at the intermediate level.
The potential for improvement in energy-efficiency averages 35% = 476 GWh/year.

Offices and other buildings

Summary: effect of reference scenario 1

Scenario 1 results in an aggregate energy-efficiency improvement of around 35 percent.
Together with the estimated energy use in additional new
buildings this leads to a halving of energy needs with regard
to heating and hot water. The potential for energy efficiency
improvements is around 2,800 GWh/year.

Synopsis – Scenario 1
Million m2

Reduction %

Average
kWh/m2

GWh 2010

Reduction GWh

Red. %

Private homes

6.5

20

110

715

143

Public housing

8.5

35

160

1,360

476

9

30

150

1,350

405

17.8

30

150

2,670

801

12

35

140

1,680

588

8.8

30

150

1,320

396

62.6

–

9,095

2,809

Other rental apartments
Tenant-owner associations
Offices
Other non-res. premises
Total

31%

GWh 2050
New homes
New offices & non-res. pr.

19

42

798

8.3

42

349

Total new construction

27.3

Existing + new 2050

89.9

1,147
83.5

Total reduction 1,662

7,433
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6.3.2 Scenario 2:
Improving energy efficiency of existing
buildings by 50 percent

Aggregated with the energy need in additional new buildings,
this scenario results in a 70 percent reduction in energy needs
for heating and hot water.
As already indicated, this scenario would appear to be less
realistic. It would require virtually all existing buildings in the
city to undergo extensive refurbishment. While technically
possible, this is difficult to reconcile with conservation
requirements. According to the National Board of Housing,
Building and Planning, nearly 40 percent of the built environment in Sweden is affected by these requirements19 and it is
likely that the situation in Stockholm reflects that in the
country as a whole.
It is obviously desirable to maximise energy-efficiency
improvements in all premises. In particular, there are good
prospects for halving energy needs in offices built in the past
two or three decades and residential buildings from the
“Million Homes” programme. However, these properties
constitute only a fraction of all those in Stockholm.
The roadmap’s calculations are based on:
• A reduction of at least 30 percent in energy
consumption in the City’s own existing properties, and a 50 percent reduction in as many as
possible by 2050.
• Active efforts from the city to promote decisions on incentives that will encourage property
owners and users to make energy efficiency
improvements in existing buildings.
• Pressure from the city authorities to establish
national requirements for energy efficiency
improvements in refurbishments.

19

6.4 Costs
Some simple costings give an idea of the orders of magnitude
of energy-efficiency improvements for buildings. Only the
extra costs related to energy-efficiency improvements have
been calculated here, and not the total cost of refurbishment.
The estimate includes reduced operating costs due to reduced
energy needs. The average depreciation period has been set at
thirty years and the cost of capital at 5 percent. The calculations
have been based on 2012 prices.

6.4.1 Costs of energy-efficiency improvement
of 30+ percent

Based on the assumptions above and a cost calculated with a
reduction in greenhouse emissions from present-day district
heating, the cost is SEK 4,700 per tonne of greenhouse gases.
If the same calculation is made for fossil-based emissions
and other emissions from district heating in 2050, the cost rises
to SEK 21,700 per tonne of greenhouse gas emissions. This
is because district heating then has small greenhouse gas
emissions and the cost is broken down per tonne of greenhouse
gases.

6.4.2 Costs of energy efficiency improvement
of 50 percent

Based on the assumptions above and a cost calculated with a
reduction in greenhouse emissions from present-day district
heating, the cost is SEK 6,300 per tonne of greenhouse gases.
If the same calculation is made for fossil-based emissions
and other emissions from district heating in 2050, the cost rises
to SEK 29,100 per tonne of greenhouse gas emissions. This
is because district heating then has small greenhouse gas
emissions and the cost is broken down per tonne of greenhouse
gases.

 ational Board of Housing, Building and Planning Energi i bebyggelsen – tekniska
N
egenskaper och beräkningar (“Energy in the built environment – technical characteristics and calculations”). (BETSI) National Board of Housing, Building and Planning,
2010.
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Other energy use – electricity and gas

Figur 6 Elanvändning inom sektorn bostäder och service, 1970–2010, uttryckt i TWh
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Source: Swedish Energy Agency and Statistics Sweden (SCB).
Note: Normal year correction as per Swedish Energy Agency method.

Figure 4: Electricity use in the housing and service sector, 1970-2009. Electricity for common purposes (common area electricity) relates to
property electricity plus operational electricity.

Sedan 2005 genomför Energimyndigheten studier av elanvändningen i olika typer av lokaler. Gemensamt för

The graph of electricity use in households over time (Figure 4)
This section is concerned with the consumption of electricity
av ett
ökat
antaland
elkrävande
även
dessa produkter
blir electricity
mer och has
mer eleffektiva.
indicates
thatom
consumption
of household
and gas driftel
used forpåverkas
purposes other
than
heating
transport. produkter
remained relatively constant since the late 1980s. New
For electricity, this means, for example, the electricity used
appliances
electricity
olderi början
for lighting
or household electricity
in a ihome.
Operational
Användningen
av elvärme
sektorn
har ökat från electrical
5 TWh år
1970 tillconsume
29 TWhfarårless
1990.
Efterthan
toppen
ones. At the same time, ever greater numbers of household
electricity may, for example, be used for lifts, escalators, office
electrical appliances counteract the reduction in need for
equipment, etc.
electricity. The change from filament light bulbs to lowenergy
Gas use consists mainly of gas for domestic stoves and
lamps has reduced the need for energy for lighting by 70–80
restaurants and gas for industrial operations.
percent. This has not been reflected in the statistics, perhaps as
a result of leaving lights on in unoccupied rooms. Figure 5
show that Sweden uses more energy than the EU average for
Other electricity use in Stockholm has increased by 10 percent
lighting, possibly because Sweden is at certain times of year an
on a per capita basis over the past ten years. There are no
extremely dark country.
statistics on what has driven this increase.
Electricity use for heating (discussed in Section 5) increased
According to the Swedish Energy Agency, energy use in
in the 1970s and 1980s due to rising oil prices and falling
Swedish households (excluding electricity for heating) is
electricity prices. This led to an increase in the installation of
below the EU average20 (Figure 5). Interestingly, unlike the
direct-acting electric heating solutions. The decline in electricity
EU average, most household electricity in Sweden is used
use for heating in the 1990s may be due to increases in the
for lighting. The use of electricity for lighting is likely to fall
installation of air-air heat pumps, which require less electricity
somewhat as filament bulbs are gradually phased out in favour
to heat the same area compared with direct-acting electric
of low-energy and LED alternatives. A rough calculation
heating. While the switch from oil-fired boilers to heat pumps
suggests a saving of around 3 percent for Stockholm (assuming over the same period has resulted in an energy gain (oil is
that low-energy lamps have not already been introduced). The
estimated to have an efficiency of 80 percent; heat pumps of
energy saving is probably even lower from present-day figures
around 300 percent (COP3)) it has also led to an increased need
as many people already buy low-energy lamps when purchasing
for electricity. As Figure 4 shows, electricity consumption has
new lighting.
nevertheless fallen for electric heating in buildings.

7.1 Electricity use

20

Swedish Energy Agency.
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Source: Swedish Energy Agency.

Figure 5: Breakdown of household electricity in Sweden in comparison with the EU average and other Nordic countries.

It may be difficult to implement changes in how private
households use electricity. Although white goods and other
domestic electronics will probably become more energyefficient, the risk is that the future will see the use of more
electronic equipment, thus negating any energy-efficiency
gains.
More overcrowding in cities and inner suburbs may increase
electricity use per sq. m. However, greater overcrowding may
also lead to reduced electricity use per capita, as no more light
is needed in a room with many people than in a room for one.
It may therefore be of interest to monitor electricity use per
capita as an alternative to relating electricity use to building
floor area.
Electricity use in commercial premises, offices, etc.21 is
increasing (see “common area electricity” in Figure 4). This
21

may be due to electricity being used to an ever greater extent
despite energy-efficiency measures in commercial premises
and offices. Electricity use per unit of floor area also increases
with more efficient utilisation of floor area in commercial
premises.
The calculations in the roadmap are based on:
• The City’s success in improving the energy
efficiency of operational electricity (all electricity
except for electricity for heating and
transportation).

 wedish Energy Agency – Förbättrad energistatistik för lokaler (STIL 2) Inventering av
S
kontor och förvaltningsbyggnader – 2007 (“Improved energy statistics for non-residential premises (STIL 2) Inventory of offices and administrative buildings – 2007”).
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7.2 Gas use
City gas today is entirely based on fossil natural gas. As
indicated in section 5.4 (Energy from Gas), there is great
potential in biogas production from forest by-products,
provided that the necessary long-term assurances for conditions favourable to commercialisation are in place. Gas use
other than for heating (currently connected to the city gas grid)
is assumed to remain at the same level as today. This presumes
that the City works to ensure the required level of biogas
production to maintain gas consumption. In its future work
with the roadmap the City must ensure that this conversion to
biogas takes place.
The calculations in the roadmap are based on:
• The active role played by the City in making
sure that the right conditions are created to
stimulate commitment to the large-scale
commercial production of bio-gas.
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8

Transport

The following section describes how the road transport sector
in Stockholm can become fossil fuel-free. The analysis is based
on the assumption that greenhouse gas emissions from
transportation will directly reflect the expected population
growth in Stockholm. That is expected to increase by 40
percent on the figure for 2009, which would lead to 1,380,000
tonnes of greenhouse gases in 2050 if the current traffic
structure is maintained.

LCVs
16%

HGVs
19%
Buses
5%

Private cars
60%

Figure 6: Greenhouse gas emissions in Stockholm from road traffic
in 2010.

The transport system is complex with a wide variety of needs
and vehicle types. Measures to reduce greenhouse gas emissions must therefore be implemented in several different ways,
in parallel. Principal measures that can reduce emissions are:
• Switching from private to public transport for passenger
journeys.
• Reducing the need for travel and switching from cars to
walking and cycling.
• More efficient transportation of goods.
• More efficient “clean” vehicles and switching to biofuels
and electric vehicles.
Initially, three alternative scenarios have been analysed in
Roadmap 2050, with certain measures isolated to show how
emissions can be reduced. Then a main scenario has been
drawn up with a combination of the alternative scenarios and
other measures. The main scenario is the proposal recommended
in the roadmap.
Cost analyses of the proposed measures have not been
drawn up. However, general comments have been made on the
comparative costs of the respective measures. Certain other
consequences are commented on in qualitative terms.

8.1 Alternative scenarios
The descriptions of the scenarios include measures, emission
reductions and other consequences, such as those that affect
traffic throughput. The costs are only touched upon in general
discussions.

8.1.1 Changeover to energy-efficient
“clean” vehicles

There is considerable potential to reduce greenhouse gas
emissions by the technical solution of replacing existing
vehicles with more energy-efficient versions and by switching
to carbon-efficient fuels or electricity. Here it has been
assumed that the energy efficiency of the vehicles can be
improved to such an extent that, on average, their energy
consumption will be halved compared to today’s levels and
that all the vehicles will run on electricity or renewable fuels.
The account given below shows the possible consequences if
this were the only measure selected.

Emission reductions

If all road vehicles were replaced by “clean” vehicles, the
City could attain its goal of a fossil fuel-free Stockholm. It is
estimated that this measure would reduce emissions from
1,380,000 tonnes to 135,000 tonnes. Emissions would not be
completely eliminated because it is not possible for all types
of vehicle to run on electricity and the production of biofuels
is not entirely fossil-free.

Costs

The costs of this scenario are relatively high. For electric
vehicles, the costs are expected to be 30–50 percent higher
than for conventional vehicles – even in the future. The cost
of charging electric vehicles is, however, lower than that for
filling up conventional ones. For other “clean” vehicles, the
cost is expected to be slightly higher than for conventional
vehicles and the fuel cost slightly higher than for the fossil
fuels available on the market today.

Consequences

This scenario entails problems for traffic throughput because
a 40-percent increase in cars will generate long periods of
queuing during a significantly longer rush hour. This will not
only take place on inner-city streets, but also in the suburbs.
The scenario may therefore lead to high costs for both society
and private individuals, as a result of lengthy waiting times or
because people opt to travel at times that they would not have
otherwise chosen.
Other difficulties in implementing this scenario are related
to the technical limitations of the range and load capacity of
electric vehicles – especially in the winter. For families with
just one car (75 percent of car owners) travel over long
distances would be difficult if their only vehicle was electric.
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For the same reason it is assumed that distribution trucks will
be able to run only partly on electricity. Vehicles that run solely
on electricity are therefore expected to be able to replace only
about 20 percent of the total kilometres driven.
The volumes of sustainably produced biofuels will be
limited. It remains uncertain whether sufficient quantities
of renewable fuels will be available for this scenario.

8.1.2 Doubled use of public transport through
expansion

Significant expansion of public transport may tempt passengers to use these services instead of travelling by car as they
do today. Such travel could consist of commuting to work and
combined journeys such as shopping or taking the children to
school or activities. The proposal in this scenario is that public
transport increases its share of the total need for transportation
in Stockholm from today’s level of just over 50 percent to
75 percent. This would require expanding public transport by
90 percent compared to today’s traffic levels.

Emission reductions

Emissions would decrease from 1,380,000 tonnes to approximately 400,000 tonnes. Emissions would not be totally
eliminated because the number of buses would need to
increase, and this would also increase emissions – even though
the buses run primarily on electricity and/or biofuels. Also, it is
assumed that efficiency improvements in goods transportation
will not be greater than the general efficiency enhancements
made to the vehicles.

Costs

8.1.3 Halve car travel by imposing restrictions

Stockholm and many other cities have introduced restrictions
to reduce car traffic in inner-city areas. In Stockholm congestion tax has cut traffic in and out of the inner city by approximately 20–25 percent. To halve car travel in Stockholm,
extensive restrictions would also need to be introduced in the
form of congestion tax zones in the suburbs. These would need
to be combined with restrictions on the vehicles that have the
greatest negative impact on climate.

Emission reductions

Emissions would decrease from 1,380,000 tonnes to about
540,000 tonnes. Emissions would not be totally eliminated
because it is not deemed possible to reduce traffic to a level
lower than today’s simply by imposing restrictions.

Costs

The costs of this scenario are relatively low. Restrictions may
entail a reduction in car ownership, which would lead to lower
costs for households.

Consequences

This scenario imposes severe restrictions on individuals’
choices of transport type and travel times. It also presupposes
that public transport would always be fully utilised, leaving the
city’s public transport vulnerable to disruptions. Many people
would probably refrain from making as many journeys as they
would have made in a different scenario. Such perceived
individual costs are difficult to quantify, but together they do
constitute a major societal cost.

The costs of this scenario are very high, as shown by the
evaluation of the congestion tax trial and the experiences of
other cities. Introducing exclusively positive incentives to
encourage a given number of motorists to change their mode
of transport requires a much larger range of services than is
necessary if measures are implemented to inhibit private
motoring.
If a very attractive range of transport services or lower fares
are the only measures used to persuade Stockholm residents
to switch to public transport, it is estimated that this would
necessitate a 225 percent increase in the range of services or a
theoretical cut in fares of 135 percent (i.e. passengers would be
paid to travel). This estimate is based on the elasticity of prices
and services offered that traffic researchers have observed in
other cities.
The cost of reducing emissions in this scenario is considered
to be unreasonably high and not cost-effective.

Consequences

This scenario is based on an oversupply of public transport
services with large numbers of buses that would cause queues
and lead to longer journey times for other groups of road users.
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8.2 Main scenario

Costs

The main scenario has been compiled using a combination
of the alternative scenarios and other measures.

Emission reductions

In this main scenario, emissions are estimated to fall from
1,380,000 tonnes to about 69,000 tonnes. Emissions would not
be totally eliminated because electricity and biofuels are not
entirely fossil-free.

The costs of this scenario are estimated to be higher than if the
introduction of severe restrictions were the only measure
taken. However, the costs are significantly lower than if
expansion of public transport were the only measure taken.
The costs are probably also lower than those incurred by
implementing the alternative that consists solely of investing
in energy-efficient “clean” vehicles; this is because the vehicle
costs decrease if a combination of the alternatives is used.

Consequences
Switch from
car to public transp.
Reduced travel + switch
car to walking/cycling

y s
icit le
ctr wab
Ele rene
+

More efficient
goods transport

8.2.1 Switching from private to public transport

More efficient vehicles
+ switch to other fuels
“LCA trace”
to offset

Road traffic emissions in 2050
ca 1,380 ktonnes CO2e

While the main scenario entails certain limitations on individ
uals’ choice of transport, the extent of these limitations is
significantly less than in a restrictions-only scenario. There
would also be less congestion than with a scenario that relies
exclusively on energy-efficient “clean” vehicles.

Figure 7: The figure schematically shows the potential of various
categories of measures to reduce greenhouse gas emissions from
traffic that are estimated to occur in 2050 if no measures at all are
implemented. As shown, a small trace of CO2 emissions would
remain – an LCA trace – that must be offset using measures that
fall outside the city’s transport system.

Public transport has huge potential to reduce transport sector
CO2 emissions in Stockholm. To prevent public transport from
becoming unreasonably expensive and to ensure that it is an
attractive alternative, a combination of an improved offer and
good traffic throughput is required. This means that measures
that inhibit an increase in car traffic will also be needed.
If the improved offer consists of more buses, these buses
need to have priority in the traffic by being given right of
way at signals. In addition, a much larger portion of the road
network must be reserved for public transport and kept
completely free of cars to prevent buses from becoming
snarled up in traffic congestion. These measures will also help
to inhibit growth in the number of private cars on the road.
The same would apply if bus routes were replaced by trams.

Switching from private to public transport
Area of
measures

Potential reductions in
CO2 emissions, tonnes

Description and examples of possible measures in the area

Switching from
cars

25 percent of total
emissions from road
traffic

Public transport measures by Stockholm Transport (SL):
Improved offer to meet needs of 350,000 new passengers
More frequent services on the red metro line
Improved real-time information
Improved connections
Expanded peak-time period
Targeted information and “Test it!” campaigns
City’s measures:
Strict priority at signals/Bus Rapid Transit (BRT) or tram/metro on
trunk route(s) (together with SL)
Improved prioritisation at signals
Public transport lanes on the majority of streets, even in the suburbs = abolish
on-street parking, strict compliance
Higher parking fees
Strict monitoring of parking
Tax imposed on fringe benefits of free/discounted parking at work-places.
Bus streets where possible
Work to further expand/develop congestion tax
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The capacity of public transport must be expanded so that, as a
minimum, it can cope with all current journeys and the 350,000
new journeys that will be created by the population increase.
This will necessitate a 90 percent increase in capacity, i.e. more
than double the increase planned today.
New metro lines can relieve some of the pressure on the road
network, but they are of greatest significance for commuting
into and out of the city, which is not included in this
assignment.

The roadmap’s calculations regarding a switch
from private to public transport (2015–2020) are
based on fulfilment of these preconditions:
• The city authorities and SL adopt a joint strategy
to double the number of passengers who use
public transport by 2050.
• More efficient ticket handling helps to shorten
the time buses spend at bus stops, which makes
it easier for the buses to keep to their
timetables.
• The City works to establish rail services/BRT22
on high-traffic routes.
• Stricter prioritisation is introduced at signals
and feedback is provided to drivers on how well
they are keeping to the time-table.
• The City introduces public transport lanes on
congested routes.
• On-street parking is abolished on most innercity streets and probably also in the suburbs.
Introduce strict prioritisation of public transport
and goods transport.
• The City earmarks land for 2–4 new bus depots
(600 new buses).
• The City raises parking fees.
• The City reviews the current “parking norm”
(parking strategy).
• The City adopts a parking strategy for the
suburbs.
• The City works to expand/differentiate congestion tax.

22

8.2.2 Reducing the use of private cars

There is a trend towards increased specialisation of both work
and leisure time. This is expressed in greater demand for travel
because the desired functions are not available locally or have
insufficient capacity. For example, various youth football
teams often have to train or play matches on pitches far away
from their local area. The freedom to choose a school means
that many children have to travel long distances for their
education. Numerous such journeys are made by car because
it can be difficult to use public transport to meet the needs that
arise.
In the dense inner city this is a lesser problem since far more
functions and services are located within a convenient distance. The expected construction of 190,000 new homes and
the resulting population increase present an opportunity to
ensure that essential facilities are close at hand even in the
suburbs by locating key social functions within walking and
cycling distance from people’s homes.
Distance working/telecommuting and virtual meetings can
replace some of the physical journeys made today. However,
this requires good IT infrastructure throughout the city. Local
job cafés can also revitalise local centres and attract more
people, which motivates the expansion of local services and
helps to reduce the need for travel.
Trips over distances of up to 10 kilometres currently
constitute around 50 percent of all car journeys made by
Stockholm residents, but only account for a small proportion
of greenhouse gas emissions because the trips are short. One
significant effect of a shift to walking and cycling is that road
space is freed up because these modes of transport make much
more efficient use of the space available.
The roadmap’s calculations regarding a reduction in the use of private cars (2015–2020) are
based on fulfilment of these preconditions:
• The City and SL jointly plan how to build
190,000 new homes in order to integrate key
functions in society into the local area and
provide good conditions for public transport,
walking and cycling. This can be achieved
through, for example, higher-density development, a public transport provision plan and a
plan for providing good access to key functions
in society. The City’s synoptic planning work
should be revised according to the above
criteria.
• The City promotes distance working/telecommuting for its own employees where possible
and encourages other employers to do the
same. A goal is set for the proportion of virtual
meetings by 2030.
• The City adopts a parking strategy for bicycles.

 RT (Bus Rapid Transit) consists of fast buses that run on reserved lanes to give them
B
the same level of throughput as trams.
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Reducing the use of private cars
Area of measures

Potential reductions in
CO2 emissions, tonnes

Description and examples of possible measures in the area

City planning

5–7 percent of total
emissions from road
traffic

Shorter journeys
Revise city planning so that each residential area has a local centre with a
range of shops selling groceries/non-durables and the most common
consumer durables, banks, post office, Systembolaget (state-run alcohol
stores), pharmacies, sports facilities open to the public, cultural events, green
spaces, doctors, schools, preschools, etc.

Less travel

2–5 percent of total
emissions from road
traffic

Reduced need for travel
If possible, offer distance working/telecommuting one or more days a week
Good internet capacity throughout the city
Local job cafés for distance working/telecommuting

Switching from
cars to cycling/
walking

5–10 percent of total
emissions from road
traffic

Well-developed infrastructure
Safe and attractive walking routes
Well-maintained cycle paths enabling people to commute over distances
of 20–25 kilometres
A local traffic environment that is acceptably safe for children to cycle in

8.2.3 More efficient goods transport

The transportation of goods accounts for approximately
35 percent of greenhouse gas emissions from road traffic in
Stockholm. A rise in the population will lead to a greater need,
not only for goods to be brought into the city and to be moved
within the city, but for the proportionately larger amounts of
waste they generate to subsequently be driven away. This will
take up a large amount of space on the roads, which can be
made available through other measures.
Several studies show that there is potential to make goods
distribution much more efficient, particularly by increasing the
coordination of deliveries and to a certain extent by optimising
delivery routes and times. While companies that own large
fleets of vehicles have often already optimised logistics and
thus exhausted much of this potential, parts of the industry
consist of many small, competing companies that find it
difficult to coordinate their transportation. It should not be
overlooked, however, that just-in-time deliveries give companies a very strong competitive edge; this is often far stronger
than the incentive to improve efficiency because the transport
cost is such a small fraction of the end price. This means that
the load factor in individual vehicles is often low and that many
distributors compete to deliver at exactly the same time
– which partly coincides with the morning rush hour.

The potential for reducing emissions from the distribution
of goods is estimated to be around 20–25 percent, i.e. 5–10
percent of total road traffic emissions. The following table
summarises measures that can potentially reduce emissions.
Groupage loads are the area with the greatest potential to
lower greenhouse gas emissions. Experiences from previous
trials show that it is difficult to encourage groupage between
competing companies without some form of external pressure.
This may be applicable in highly congested areas of the city
such as Gamla Stan, where O-centralen has been running
groupage as a fully commercial operation for many years.
Another example was seen during the construction of the
Hammarby Sjöstad district, where suppliers were able to save
hours of waiting time by delivering goods to the logistics
centre instead of directly to the end customer. Other oppor
tunities include insisting on a gradual increase in the use of
groupage in the City’s own municipal transport procurements
and spreading this model to the private sector. The City can
also facilitate groupage by providing land in strategic locations
for groupage centres.
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More efficient goods transport, potential to contribute to a reduction in CO2 emissions*
Description and examples of possible measures in the area

Area of measures

Potential reductions
in CO2 emissions,
tonnes

Groupage loads

5–10 percent of total Improved load factor, logistics planning
emissions from road Retain/improve terminals (road, rail, sea)
Public procurement
traffic
Demonstration project, capacity development

Route optimisation

1–5 percent of total
emissions from road
traffic

Further development of congestion tax
Increased differentiation of congestion tax (time, vehicle type, fuel)

Avoid rush hours

1–2 percent of total
emissions from road
traffic

Better use of transport systems, fewer traffic jams
Demands on new builds, renovations and conversions
Project that focuses on “quiet deliveries”
Increased differentiation of congestion tax

Switching mode of
transport

1–2 percent of total
emissions from road
traffic

Switch from road to rail or sea
Maintain/improve terminals
Control transport mode through congestion tax, etc.

Packaging

1–2 percent of total
emissions from road
traffic

Create conditions for improved load factor and less waste
Public procurement

Reduced speeds

1–2 percent of total
emissions from road
traffic

Lower speeds produce lower emissions and calmer driving
Investigate where speed limits should be lowered

Load classification

1–2 percent of total
emissions from road
traffic

Fewer vehicles with larger loads = lower emissions
Investigate possible redefinition of the load classes used in Sweden
Dialogue with the Swedish Transport Administration and the Swedish
Transport Agency regarding regulations

Less waste

1–2 percent of total
emissions from road
traffic

Higher charges for waste and refuse
Increased differentiation of waste and refuse charges

*(Please note: these measures overlap, so the potentials cannot be added together)
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The roadmap’s calculations regarding more
efficient goods transport (2015–2020) are based
on fulfilment of these preconditions:
• The City cooperates with distributors to launch
a project that demonstrates the advantages of
groupage loads.
• The City establishes a dialogue group with
distributors in the city (in the same way as the
“Climate Solver” companies, biogas roundtable talks).
• The City works to ensure that the best of the
demonstrated solutions are implemented and
the good examples are spread.
• The City earmarks land for groupage centres in
the synoptic plan and local (site development)
plan.
• The City works to bring about a change in traffic
regulations: for example, to allow night-time
distribution.
• The City reviews the possibilities of developing
rail terminals.
• The City investigates the possibilities of shipping
terminals.
• The City reviews its one-way system, narrow
streets and loading sites.
• The City places requirements on groupage and
route optimisation in its own procurements.

8.2.4 More efficient vehicles, biofuels and
electric vehicles

There is great potential to reduce greenhouse gas emissions
from vehicles by introducing technical improvements in
energy efficiency and switching to carbon-efficient fuels.
EU regulations on emission standards for new vehicles23
together with the prices of fossil fuels are the major factors
driving improvements in the energy efficiency of vehicles.
Most analysts24 estimate that energy use can be almost halved
by 2050, but this does also require a large proportion of electric
vehicles and plug-in hybrid electric vehicles (PHEVs).
Renewable fuels are also required to further reduce emissions. For a long time to come these fuels will be more
expensive to produce than fossil fuels, so various policy
instruments are necessary to even out the differences and
enable investments to be made in production.
The majority of renewable fuels also require a separate

23
24

infrastructure and an optimisation of vehicles for use of these
fuels. This requires simultaneous investments from fuel
producers, fuel distributors and vehicle manufacturers. For
this to take place, a sufficiently large market for these fuels
and vehicles is essential. Since the mid-1990s the City of
Stockholm has successfully promoted this development by
setting a good example, placing requirements on procurements, providing incentives and information, and challenging
the private sector to follow the City’s example. The automotive
market is global, however, and more cities must follow
Stockholm’s example.
The roadmap’s calculations regarding
more efficient vehicles, biofuels and
electric vehicles are based on fulfilment
of these preconditions:
• The City does not permit the sale of fossil fuels
in Stockholm after 2050.
• The City has a procurement policy for its own
transport and contract work procurements that
consistently favours the development of
vehicles and fuels with greater energy efficiency.
No procured contractors may use fossil fuels
after 2030.
• The City introduces positive/negative incentives
that benefit the best “clean” vehicles.
• The City identifies and earmarks suitable land
for biogas production.
• The City increases the collection of organic
waste for anaerobic digestion to make biogas.
• The City investigates the possibilities of introducing environmental zones based on greenhouse gas emissions, also for private cars.
• The City contributes to the investigation into
fossil fuel-free traffic titled En FossilFri
Fordonstrafik (Directive N 2012:05).
• The City continues to actively inform car buyers
of available options, for example by further
developing the website www.miljofordon.se

EU Regulations 443/2009 and 510/2011.
 he Swedish Transport Administration (2012) “Goal for a transport system that meets
T
climate targets and the path to achieving them”. Supporting report for Kapacitetsutredningen (“The Capacity Investigation”). Publication number 2012:105., Elforsk
2012, Roadmap för ett fossilbränsleoberoende transportsystem år 2030 (“Roadmap for
a fossil fuel-free transport system by 2030”).
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More efficient vehicles, biofuels and the potential of electric vehicles to contribute
to a reduction in CO2 emissions
Area of measures

Potential reductions in CO2
emissions, tonnes

Description and examples of possible measures in the area

Energy efficiency
improvement, including electric vehicles

The measures are included below

Facilitate the
purchase and use of
“clean” vehicles and
renewable fuels

Introduce positive/negative local incentives, such as
differentiated congestion tax, parking fees, reserved
parking spaces, bans in certain areas on vehicles that are
noisy/run on fossil fuels, etc.
Make demands for “clean” vehicles in all transport-related
procurements
Create sufficient infrastructure for alternative fuels and
electric vehicles
Use organic waste to produce fuel

30 percent of total emissions from
road traffic

8.2.5 Cost calculations

It is difficult to estimate the costs of most of the proposed
measures. The measures are based on experiences and demonstration projects conducted in various locations around Europe.
Several of these projects are relatively small and it is not
certain that the results of their implementation on a larger scale
would be equally positive. Nor can it be ruled out that cultural
differences play a significant role for the results of transferring
such projects. For this reason, all estimates, including the
potentials for reducing greenhouse gas emissions, should be
interpreted with great caution.
Measures that involve a reduction in the use of private cars
may result in much lower costs for car owners than the basic
alternative. This is possible because the scenarios entail
reduced car travel, which in turn leads to lower fuel and
servicing costs. Another possible effect is that more people
may refrain from owning a car. All scenarios do, however,
involve additional costs and gains that cannot be quantified.
One such example is when travellers select their second choice
of transport rather than their preferred first choice.

Public transport

The costs to public transport in the form of substantial investments and operational costs are, for the most part, payable by
SL. But the City also has costs arising from the need to prioritise public transport at signals and through the expansion of
public transport lanes, as well as the anticipated loss of
revenues from parking fees. Motorists who refrain from buying
a car enjoy lower costs. It is likely that costs will also fall for
goods distributors for whom throughput will be improved.

Mobility management

Mobility management is based on the conclusions of studies
into a mix of information measures that encourage smarter
travel and more public transport. It is not possible to separate
44

potentials and costs for different sub-measures in these studies.
It is likely that some costs will have to be borne by Trafik
Stockholm (one of the Swedish Transport Administration’s
four traffic management centres) and SL (for example, in the
form of information to new residents about available transport
services and “Test it!” offers), while other tasks are part of the
City’s remit (such as “walking school bus” projects). Car
drivers who leave their car at home enjoy lower costs. Car
drivers who cycle instead of driving gain a major health
benefit.

“Clean” vehicles

The cost of purchasing cars is mainly borne by car buyers,
while the costs of renewable fuels are borne by the state. The
City’s costs comprise extra costs for its own vehicle fleet
(which is negligible in this context). The City may also incur
higher costs for procurements of transport and contracting
work.

8.3 Aviation
Bromma Stockholm Airport, located within the city’s boundary, is used mainly for domestic flights. The agreement
between the airport operator Swedavia and the City of
Stockholm expires in 2038, so it is uncertain whether aviation
will contribute to greenhouse gas emissions within the city’s
boundary throughout the full period of time covered by this
roadmap. Notwithstanding this, the roadmap does presume that
the airport will remain in Bromma. In the City’s climate work,
emissions from aviation are calculated from the landing and
take-off cycle (LTO) of 915 m or 3,000 feet.
According to the UN’s International Civil Aviation Organisa
tion (ICAO), efficiency in the aviation industry will improve
significantly by 2050. The industry has a goal of improving
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Figure 8: Aviation emission trends from Bromma Stockholm Airport
(LTO cycle). BAU stands for business as usual, i.e. current trends
continue at the same rate.

efficiency globally by at least 2 percent per year, as well as
increasing the mix of non-fossil fuels in aviation fuel by up
to 75 percent by 2045.25,26 For Bromma Stockholm Airport
(Figure 8) the result of a successfully implemented increase
in the proportion of bio-fuel, along with efficiency improvements, would halve emissions – despite increased traffic at
the airport. However, it must be noted that even with these
measures, aviation will still use some fossil fuels in 2050.
By that date emissions of greenhouse gases from aviation
fuel are estimated to total 8,400 tonnes.
Aviation emissions at Bromma should be followed up
regularly at the relevant intervals in the roadmap to check
compliance with the forecast. When renegotiating the agreement for the airport, the City could set requirements specifying
the maximum possible content of biofuels or other eco-friendly
synthetic aviation fuels, to produce the best possible environmental and climate benefits at that time.

8.4 Shipping
The ports in Stockholm (Stadsgården, Frihamnen and Värta
hamnen) are central ports for cargo and passengers to and from
Finland and the Baltic countries and for cruise traffic. Cruise
traffic in particular is increasing steadily in the Ports of
Stockholm. By 2050 the plan is for most cargo to be shipped
to ports outside the City of Stockholm. Most of the freight
transported will be ro-ro traffic – road haulage transported
by ferry – and fuel supplies to the power plants at Värtan,
Hässelby/Lövsta and Hammarby.
Bio oils and LNG27 are currently being discussed as possible
replacements for fossil oils in the shipping industry of the
future. However, in order to make shipping fossil fuel-free,
LNG must be replaced by biogas or hydrogen gas. Develop
ments in this direction are, however, highly uncertain.28 This is
due, above all, to uncertainty surrounding the availability of
bio oils and biogas for shipping.
http://www.icao.int
http://teknikdebatt.se/debatt/flyget-i-global-miljosatsning
27
Liquefied natural gas.
25
26

The above analyses indicate that it is by no means certain that
shipping can become fossil fuel-free in Stockholm by 2050.
The fact that much of the shipping industry is governed by
international legislation also means that the City has only
limited powers to make binding decisions in such matters.
While it should be feasible to run archipelago ferry/boat
services and scheduled traffic in the Baltic Sea without having
recourse to fossil fuels, it is probably realistic to assume that a
large part of other traffic will still use fossil fuels in 2050.
For Stockholm this would mean that the emissions from
fossil fuels in shipping would total 10,000–15,000 tonnes of
greenhouse gases per year.

8.5 Construction machinery
Construction machinery accounts for about 6 percent of
national greenhouse gas emissions in Sweden. The statistics
available, broken down at municipal level, are very unreliable.
Local knowledge of the number of construction and building
projects clearly shows, however, that a great deal of construction machinery – primarily construction plant – is used in
Stockholm.
According to the Swedish EPA emissions from construction
machinery are estimated to remain relatively stable in Sweden
until 2050.29 In Stockholm they will vary depending on the
number and scale of the construction projects in progress.
Future plans include many infrastructure projects, such as the
Stockholm Bypass Project, expansion of the metro, a possible
eastern link (Österleden) and others. Consequently it is not
anticipated that there will be any reduction in the number of
machines and plant in the foreseeable future. The construction
of new homes is also expected to continue at about the same
pace as today.
It should be possible to reduce emissions of greenhouse
gases from construction machinery in the same way as those
from vehicles. By 2050 it is estimated that greenhouse gas
emissions from construction machinery can be entirely free of
fossil fuels, primarily by replacing fossil diesel with biodiesel,
but also by improving the efficiency of machinery and contracting work.30
The City of Stockholm has drawn up joint environmental
criteria for procurement of contracting work together with
Gothenburg, Malmö and the Swedish Transport Administration.
These apply to all procurements of contracting services, such
as road works, for example. However, there are no criteria
governing fuels or the energy efficiency of construction
machinery or HGVs in procurements. Criteria relating to fuels
and energy efficiency are instead introduced at a general level
and must be described in the contractor’s environment plan.
The City can, however, work to impose stricter criteria
regarding biofuels, energy efficiency and contracting work
Sveriges Redareförening, an industry organisation for Swedish ship owners, 2009.
The Swedish EPA’s reference scenario until 2050.
30
Arbetsmaskiners klimatpåverkan och hur den kan minska. Ett underlag till 2050 arbetet
(“The climate impact of construction machinery and how it can be reduced”. Supporting
documentation for the 2050 work”) Report from WSP.
28
29
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when these are due for revision. Criteria set jointly by the City
and the Swedish Transport Administration should influence
development so that similar demands on biofuels and efficiency
are also made for private contracts, such as house construction
projects.
This means that no fossil fuels would be used in construction
machinery by 2050 and that other emissions arising from the
use of construction machinery would total an estimated 38,000
tonnes of greenhouse gases from LCA supplements31 by 2050.

The roadmap’s calculations are based on fulfilment of the following precondition:
• The City works towards establishing stricter
procurement criteria for construction machinery and fuels.

8.5.1 Costs

The costs of reducing greenhouse gas emissions from construction machinery are estimated to be low because, in
essence, the process simply requires a switch to using different
fuels in existing machinery.
31

 iljöfaktaboken (“The Environmental Fact Book”) published by IVL, the Swedish
M
Environmental Research Institute, does not present direct emissions for rapeseed methyl
ester (RME). It has therefore been calculated in the same way as biodiesel.
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Annexe 1
CO2e ktonnes
Base year*

Table of reductions in greenhouse gases
Measure/Scenario

District heating

753 Switch to renewable energy

Oil
Gas

CO2e ktonnes
2050
direct emissions

CO2e ktonnes
2050 LCA
supplements

92

72

412 To be phased out

–

–

50 Increased biogas production

0

8

0.8

16

0.8

16

Electricity

37

Wood fuel

0.4

Complementary renewable energy
production
Switch + “clean” vehicles

Transport

+15% fossil benzene in ethanol
+20% natural gas in vehicle gas

Groupage loads
“Clean” vehicles

988 “Clean” vehicles only

69

Public transport
Route optimisation
Cycling
Mobility management
Improved energy efficiency, switch to
other fuels

Aviation

17

Shipping

25

Plant and machinery

121 Biodiesel only

Other electricity
Other gas
Total

8.4

Conversion to natural gas

19

2

Conversion to biogas

0

5

0

38

Higher energy classification of
products

4

111

13 Increase production of biogas

0

3

193

260

663

3,079

The grey columns show the change in greenhouse gas emissions as a result of the measures taken. The values for CO2e are expressed in
thousands of tonnes. *This column gives base year data that are a composite of the values for 2009 (district heating, oil, gas, electricity, wood
fuel, other electricity and other gas) and 2010 (transport, aviation, shipping and construction machinery). This choice was made because 2010
was an extremely cold year, so the values for 2009 are a better reflection of a normal year.
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Annexe 2

Presumptions underlying
calculations

Different descriptions of the goal of
becoming of fossil fuel-free

The Municipal Assembly’s commitment to a fossil fuel-free
city by 2050 was based on an assumption that the city would
continue to reduce greenhouse gas emissions at the same rate
as during the period 1990–2005. Using the City’s method of
calculation and a linear decrease, the city would become fossil
fuel-free around 2045, or by 2050 at the latest.
Several approaches occur in descriptions of climate
targets:
Fossil fuel-free – with a strict interpretation this means that
no fossil fuels at all are used in the city.
Fossil-independent – measures are taken to ensure energy
use is not dependent on fossil fuels, but it remains possible to
use fossil fuels. This approach is used for the national target
for road traffic by 2030.
Net zero – involves minimising the use of fossil fuel and
offsetting remaining fossil emissions through sinks and
climate-positive measures.
This approach is used in the national roadmap for Sweden.
The Government remit for the national roadmap states that net
zero can be achieved:
“either by implementing the emission reduction within the
country or by making full use of international markets for
carbon trading to attain the target”
In accordance with the decision taken by the Stockholm
Municipal Assembly, the first definition should apply: in other
words, the city is to be entirely fossil fuel-free by 2050. On
closer analysis, however, it may be noted that this goal is very
difficult to achieve unless Sweden adopts a similar target at
national level. The prevailing technology offered on the
market, for example in vehicles and fuels, must support the
target. There must also be sufficient access to non-fossil fuels.

Different methods of calculation

Various methods are used to calculate greenhouse gas emissions. The production method is commonly used both inter
nationally and nationally. However, municipalities and the
business community tend to favour the consumption method
with LCA supplement (see below).
Emissions in Sweden are calculated using the
“production method”.
Greenhouse gas emissions within Sweden are calculated
according to the production method and represent the level
of greenhouse emissions in a particular year in all energy
production and use within the geographical limits of the
country. In simple terms this means adding up all greenhouse
emissions of fossil origin from chimneys and exhaust pipes. In
addition, direct emissions are also calculated from agriculture,
chemicals management, landfill waste disposal, wastewater
systems, etc. The emissions are broken down according to a
number of different sectors: energy supply, industrial processes, transportation, construction machinery, solvent use,
agriculture, solid waste and wastewater, international aviation
and shipping.

Emissions in Stockholm are calculated
using the “consumption method plus LCA”

Greenhouse gas emissions within the geographical boundary
of Stockholm are calculated according to the consumption
method with LCA supplement (LCA: lifecycle assessment).
This method reports the level of greenhouse gas emissions due
to the use of energy within the geographical boundary of the
city. The LCA supplement means that all emissions from cradle
to grave are included in the calculation: i.e. all emissions in the
production of energy, including production facilities and
transportation. This also includes emissions that occur outside
the city and the country as well as indirect emissions. These
emissions are calculated according to a template for different
sectors.
Differences in approach and calculations mean that there
can be sizeable discrepancies between the figures produced
by the two methods.
For example: greenhouse emissions relating to electricity
from a wind turbine.
According to the production method, there are emissions
only in the first year when the wind turbine is built and only
from those stages of the production process that take place in
Sweden. In the “industrial processes” sector emissions are
reported as a result of the production of metal parts and cement
manufacturing and other building materials. If the propeller or
generator is produced abroad, the emissions are reported in the
respective country of manufacture. As the actual production of
electricity, when the wind turbine is running, does not lead to
any greenhouse gas emissions, electricity production will be
calculated as zero and the use of electricity from the wind
turbine will also be calculated as being climate-neutral.
According to the consumption method with LCA, use
of electricity from wind power is calculated as producing
greenhouse gas emissions throughout the lifetime of the
turbine if fossil energy was used in the process of manufacturing the turbine. The LCA supplement depends on the greenhouse emissions (regardless of where they occurred) when the
wind turbine was manufactured. The level of greenhouse gases
at the time of production is distributed across the anticipated
technical lifetime of the wind turbine. Each kilowatt-hour
produced by the wind turbine is then “debited” with a small
quantity of greenhouse gas emissions.
LCA supplements are far from an exact science. One of the
difficulties is what to include in the supplement. The power
lines from the wind turbine to the nearest connection point to
the national grid are usually included. But the power lines in
national trunk lines are not included as LCA supplements in
any form of electricity. Data on LCA supplements in the City’s
calculations are taken from the “Environmental Fact Book” of
the Swedish Environmental Research Institute (IVL) and from
the Royal Institute of Technology (KTH).
Another example is LCA supplements in the transport
sector. These are only added to the fuel, for example the energy
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consumed in producing ethanol as an automotive fuel. On the
other hand, neither the vehicle itself nor the road is included.
An LCA supplement is thus also charged against non-fossil
fuels with estimated emission of greenhouse gases. To become
a “fossil fuel-free city”, Stockholm therefore needs to implement offsetting measures to net zero. Offsetting can be done
by producers or consumers of electricity.
This approach is supported by the UN Environmental
Programme, where “carbon-neutral” means that an organisation does not supply to the atmosphere any net addition of
carbon dioxide, and where this is achieved by the company or
organisation reducing its own emissions as much as possible
and then using offsetting measures to neutralise remaining
emissions.

Direct/indirect greenhouse gas emissions

For calculation purposes, greenhouse gas emissions can be
divided up according to three different sources from which
they arise: 1. direct emissions from the combustion of fossil
fuels; 2. direct greenhouse gas emissions from the combustion
of biofuels; and 3. indirect emissions, also known as LCA
supplements, relating to the production and transportation of
fuels. Direct emissions from the combustion of biofuels mainly
comprise methane and nitrous oxide. For this reason, the label
of a “fossil fuel-free city” should not necessarily be taken to
mean that there is a total absence of greenhouse gas emissions
in the city. Emissions of methane gas, nitrous oxide and LCA
supplements will remain in 2050.

50

Different electricity mixes

Various points of departure can be used in calculations of
greenhouse gas emissions (system limits). Greenhouse gas
emissions from electricity production in national reporting
are based on all the electricity produced in Sweden.
For the City of Stockholm the point of departure is all
electricity within Nordpol: i.e. all the electricity produced
within the Nordic countries.

Greenhouse gas emissions as carbon dioxide
equivalents

Calculations of greenhouse gas emissions comprise carbon
dioxide (CO2), methane (CH4) and nitrous oxide (N2O) from
energy use for heating, electricity and transportation in
Stockholm. As methane and nitrous oxide have a more
powerful greenhouse effect than carbon dioxide, emissions are
converted to carbon dioxide equivalents (CO2e). This means
that the effects of these gases are converted to equivalent
effects that would arise if the gases had been carbon dioxide.
The City’s calculations of greenhouse gas emissions are
principally based on statistics from Statistics Sweden (SCB)
for heating and electricity use and from the Environment and
Health Administration for road transport (based on data
supplied by the City’s Traffic Administration). Emissions from
the use of district heating are principally calculated on the basis
of Fortum Värme’s production in Stockholm. Emissions from
electricity use are calculated on the basis of production in the
Nordic electricity system. There are long-term contracts for
eco-labelled electricity for rail traffic and the city’s own use
of electricity, and account is taken of this in the calculation.
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Annexe 3

Fossil residuals and
carbon offsetting

This annexe describes the fossil residuals and greenhouse gas
emissions that may remain in Stockholm in 2050 after the
measures contained in the roadmap for a fossil fuel-free
Stockholm in 2050 have been implemented. The annexe also
contains a description of carbon offsetting and the measures
the City can take to offset any greenhouse gas emissions from
fossil fuels that remain in 2050.

Fossil fuels and greenhouse gas emissions
in Stockholm in 2050

According to the calculations in the roadmap it is probable that,
although fossil fuels will have been more or less eliminated in
Stockholm by 2050, a small portion of fossil fuels will remain.
The roadmap presents both direct greenhouse gas emissions
from the combustion of fossil and bio-based fuels in 2050 and
indirect greenhouse gas emissions caused by these fuels earlier
in the lifecycle of energy production.

Direct greenhouse gas emissions from remaining
fossil and bio-based fuels in 2050
It is estimated that the fossil fuels remaining in the city of
Stockholm in 2050 (mainly fossil fuels in the shipping and
aviation sectors and fossil-based plastics in waste combusted
in combined heat and power plants) will produce greenhouse
gas emissions totalling 100,000 CO2e.
Even if the City, in collaboration with other stakeholders,
succeeds in achieving a fossil fuel-free Stockholm by 2050,
this does not mean the greenhouse gas emissions in the city
will be zero. The use of biofuels also causes some direct
greenhouse emissions, principally methane and nitrous oxide.
These are estimated to total 90,000 tonnes CO2e in 2050. To be
able report zero direct greenhouse gas emissions in 2050, the
City may need to carbon-offset these emissions in some way.

Indirect greenhouse gas emissions (LCA supplements) from fossil and bio-based fuels in 2050

The City of Stockholm’s current calculation model contains
a consumption perspective and includes greenhouse gas
emissions from all processes throughout the lifecycle chain
(i.e. an LCA supplement). Indirect greenhouse gas emissions
are estimated to total 260,000 tonnes CO2e in 2050. This
includes greenhouse gas emissions from both fossil and
bio-based fuels. From a lifecycle perspective, Stockholm
cannot become fossil fuel-free until the whole energy system
becomes free of fossil fuels.

Total greenhouse gas emissions in Stockholm
in 2050

It is estimated that total (direct + indirect) emissions of greenhouse gas emissions in the city of Stockholm can fall from
3,200,000 tonnes CO2e in 2010 to 450,000 CO2e in 2050.
Expressed as emissions per capita, this is a reduction from
3.8 tonnes CO2e per year in 2010 to 0.4 tonnes CO2e per year
in 2050.

City of Stockholm and climate
compensation measures

Carbon offsetting may be relevant if the City of Stockholm
wishes to report zero emissions in 2050. If so, preparations
must be made for the city to be able to carbon-offset greenhouse gas emissions from remaining fossil fuels in 2050 in
some way.
The cost of offsetting fossil greenhouse gas emissions
from the use of the remaining fossil fuels for plastics in waste,
shipping and aviation in 2050 (approx. 100,000 tonnes CO2e)
would be SEK 20 million, calculated on the basis of purchases
of CDM projects (see below under “Carbon offsetting”) and
the present-day monetary value and cost of CDM projects
(100,000 tonnes CO2e × SEK 200/tonne).
If the City is also to offset direct greenhouse gas emissions
from the use of biofuels in 2050 (approx. 90,000 tonnes CO2e)
the cost will rise by a further SEK 18 million (90,000 tonnes
CO2e × SEK 200/tonne CO2e).
If the City aspires to be totally fossil fuel-free in 2050 based
on a lifecycle perspective, in which indirect greenhouse gas
emissions from LCA supplements (approx. 260,000 tonnes
CO2e) are also factored in, the cost of carbon offsetting would
rise by a further SEK 52 million (260,000 tonnes CO2e ×
SEK 200/tonne CO2e).
The total cost of carbon offsetting for both direct and
indirect greenhouse gas emissions in 2050, calculated on the
basis of purchases of CDM projects at present-day cost and
monetary value, would thus be SEK (20 + 18 + 52 million)
90 million.
As it is not only the City’s own operations or domestic
households that cause these greenhouse gas emissions, the City
can work to ensure that responsible energy suppliers, importers
and other major players who use fossil fuels in 2050 contribute
to the cost of carbon-offsetting these. (See below under
“Responsibility for carbon offsetting”.)
Under a remit in the 2013 budget, the City Executive Board
has been tasked with investigating how the City’s own organisation can become independent of fossil fuels in 2030.

Carbon offsetting

A debate is in progress on whether and how greenhouse gas
emissions can be offset, both in practice and in theory. The
general definition of carbon offsetting used by consultants and
companies today is: “Financing of a measure outside one’s
own organisation, where the measure leads to an emission
reduction equal to the emissions that are to be offset.”32
Meteorologists and climate researchers use a more stringent
definition: “Offsetting emissions of carbon dioxide means
returning the same amount of carbon dioxide to the same
system from which it came. Emissions of biofuels should be
offset by regeneration of biofuels, emissions from fossil carbon
should be offset by the same quantity of carbon dioxide being
bound in geoformations.”33
32
33

Tricorona Carbon Offsetting Handbook 2011.
Martin Hedberg, meteorologist.
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Municipalities and carbon offsetting

It is principally companies and industrial plants that use carbon
offsetting today. There are no clear rules or guidelines at
present on whether and how municipalities can carbon-offset.
The Local Government Act limits how a municipality can use
its tax revenue. Carbon offsetting may contravene the Local
Government Act if it involves paying for measures outside the
geographical boundary of the municipality that are of no direct
benefit to the municipality’s inhabitants.
In legal terms, carbon offsetting can possibly be designed
as a service in the same way as the procurement of green
electricity, organic food and waste management, which are
services usually produced outside the municipal boundaries.
Also, measures that contribute to mitigating global climate
change may be regarded as favourable for a municipality’s
residents. It is unclear at present whether a change in law is
required or whether the current system can cope adequately
with the issue of carbon offsetting for municipalities.
The current advice from the Swedish Association of Local
Authorities and Regions (SALAR) is that municipalities
should not engage in carbon offsetting. SALAR’s interpretation is that such measures contravene the Local Government
Act.
However, SALAR does acknowledge the possibility of
imposing these requirements under certain circumstances in
public procurement contracts.
“The best way of imposing the requirement is in the form
of a special contractual condition relating to carbon offsetting.
It is generally the case that all requirements must be linked to
the object of the contract, that is to say what is being procured.
This means that there is greater scope for such a requirement
in procurements that are typically harmful to the climate (the
procurement of road transportation, for example) than in
procurements where the relation to climate change cannot be
clearly established. In addition, all requirements have to satisfy
fundamental principles of equality of treatment, non-discrimination, transparency and proportionality to be accepted. It must
also be possible to follow up the requirement, and the procuring authority must do so in an effective manner. For this
reason, it should be borne in mind that each additional requirement involves an increase in cost for the procuring authority,
in the form of increased transaction costs, higher tender prices
and a risk of review in a court of law.”34
The Tricorona consulting organisation is similarly of the
opinion that it is possible for municipalities and other public
authorities to procure carbon offsetting. Some municipalities
in Sweden have procured carbon offsetting through CDM
projects as a service, in a way similar to that in which they have
procured green electricity and waste management services.35

34
35

Between 2008 and 2011 the Swedish Energy Agency had a
government remit to carbon-offset ministers’ air travel. Over
the period 2009–2011 the Swedish Energy Agency also
provide carbon-offsetting assistance to other government
agencies, such as the Swedish Environmental Protection
Agency, the Swedish Meteorological and Hydrological
Institute, the Swedish Parliament (Riksdag) and Formas
(the Swedish Research Council for Environment, Agricultural
Sciences and Spatial Planning). This offsetting ended with
effect from 2012, as emissions from international air travel
are now included in the EU’s regulated emissions trading
scheme.

Various types of carbon offsetting today

There are two main approaches to carbon offsetting:
1. Engage a company or organisation that offers carbon
offsetting. They are generally able to offer a one-stop
solution. This means that they calculate how large the
emissions to be offset are and offer reduction units to
offset these emissions.
2. The party that has emissions calculates how large these
emissions are and then buys the reduction units it needs
from companies or organisations that offer carbon offsetting.
There are currently two alternatives for carbon offsetting:
1. Buy reduction units covered by the rules of the UN or EU
schemes.
2. Buy reduction units through an unregulated market
(market for voluntary carbon offsetting).
Signatory nations to the Kyoto Protocol have agreed on certain
forms of cooperation that enable and facilitate international
cooperation on emission reductions. These forms of cooperation are known as the flexible mechanisms and comprise CDM
(Clean Development Mechanism), JI (Joint Implementation)
and international emissions trading.
CDM and JI are based on the implementation of practical
projects – for example energy-efficiency measures or new
electricity production based on renewable energy – that
contribute to reduced greenhouse gas emissions. The projects
and emissions reductions take place in a host country, and the
generated emissions reductions are acquired in a purchaser
country or an organisation.
Projects that take place in countries without commitments
under the Kyoto Protocol are known as CDM projects, and
emission reductions from these projects are known as CERs
(Certified Emission Reductions). Projects under the CDM
framework not only reduce greenhouse gas emissions, but
must also contribute in some way to sustainable development
in the host country.

SALAR’s procurement lawyer Magnus Ljung, 2012.
Tricorona Carbon Offsetting Handbook 2011.
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JI projects enable a country with commitments under the
Kyoto Protocol to be credited for the emission reduction
through investments in emission-reducing project activities
in another country that has commitment under the protocol.
The emission reductions from JI are known as ERUs (Emission
Reduction Units). The review processes for proposed projects
and emission reductions are very precise for both CDM and
JI projects.
There is also what is known as Gold Standard, which sets
higher requirements than those required by the Kyoto Protocol.
Gold Standard, a global not-for-profit foundation headquartered in Geneva, is the only certification standard approved
by more than 80 international environmental organisations,
including WWF International and Greenpeace International.
Projects are monitored by an independent technical advisory
committee and audited by the UN’s independent auditors. The
certification process also requires a high level of input from
local stakeholders and organisations. The projects are limited
to renewable energy and energy efficiency projects, which are
not the cheapest product categories for CDM.36
The third flexible mechanism is international emissions
trading. The European Emissions Trading System (EU ETS)
is not defined in the Kyoto Protocol but is the EU’s principal
instrument for fulfilling its commitment under the Kyoto
Protocol. On the other hand, the trading scheme is linked to
the flexible mechanisms of the Kyoto Protocol through the
possibility it offers companies covered by the EU ETS to use
emission reductions from CDM and JI projects to help fulfil
their quota obligation.
There are, in principle, three different categories of emission
reductions for companies, organisations or private individuals
who wish to voluntarily offset their emissions:
1. Emission reduction units (ERU) and certified emission
reductions (CER) from the flexible mechanisms of the
Kyoto Protocol.
2. Emission allowances from the EU trading scheme, EUA
(EU Allowances).
3. Emission reductions (VER, Verified Emission Reductions/
Voluntary Emission Reductions) from the unregulated
market outside the UN and EU regulatory frameworks.
The fact that the projects are additional means that the emission reductions must go beyond what would otherwise have
been done without the investments. Of course, the emission
allowances also have to result in real emission reductions; in
other words, a measurable decrease in the emissions that
actually occur.
The Swedish Energy Agency recommends buying registered
emission allowances. In practice this means buying emission
allowances only from the regulated market (CDM or JI
projects, or alternatively from EU emission allowances
trading).

36

The parties that currently deal with CDM and JI are mostly
industrial companies, which have large point emissions. The
global financial crisis over the past few years has seen a fall in
the production of goods, and this has led to reduced demand for
emission allowances.
The UN negotiations are due to be updated in 2015 and will
enter into force in 2020. It is unlikely that an individual country
or the EU will make any changes for carbon offsetting before
then.

Costs of carbon offsetting

The prices of emission reduction units from CDM projects
vary in the same way as other goods and services, depending
on how important it is to know exactly what is being purchased
and in what quantities. Buying totally unspecified emission
allowances from CDM projects may involve emission reductions from any project at all; a benefit for the climate is
guaranteed and measured in a quantitative manner. It is
uncertain, however, what the benefit is like from other per
spectives, for example large hydropower projects or the
capture of residuals from manufacturing of the ozone-depleting refrigerant HCFC 22. For that reason Gold Standard of
CDM projects is offered. This offers the opportunity to
purchase emission allowances from one or more specific
projects into which it is possible to have a good level of insight
and the details of which it is possible to communicate. Some
projects are very expensive to develop but have many positive
effects; this makes them worth developing as there may well
be a market for such projects.
Prices of emission allowances in the EU trading scheme are
generally low at present. The price has fallen to reflect a lack of
action in tightening climate-change ambitions, a reduction in
emissions in the wake of the downturn in the economy and the
decline in industrial production that this has meant, and also
the fact that several countries have reneged on their Kyoto
Protocol obligations.
Cheaper CDM projects are a problem, because the added
value that they are intended to provide, for example, in the
form of involving the local population and other sustainable
measures, decreases when there are insufficient funds for this.
Instead investments tend to switch to projects such as the
expansion of large hydropower facilities to offset CO2
emissions.
A modelled price of carbon dioxide for 2050 becomes
highest in a world where all regions act together to reduce
emissions. This is due to the fact that the worldwide implementation of a policy like this throttles demand for fossil fuels and
pushes down the price. When the incentive to switch that is
inherently represented by the price is undermined, other policy
instruments and control mechanisms need to be raised to a
higher level.

http://www.tricoronagreen.se/ 15.10.2012
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It is very difficult to guarantee a price far ahead in time; this
will change a great deal over time and will, in all probability,
be high in 2050 as developing countries will presumably
implement measures within their national boundaries. This
means that projects with low costs will disappear in the longer
term. Unless CERs are bought in advance at today’s rates, it
is very difficult to make a cost projection far ahead in time.
The current price of carbon offsetting, based on the unregulated market outside the UN and EU systems, is approximately
SEK 200 per tonne CO2e for CDM projects and roughly the
same for emission allowances. These are prices from
September 2012, and any variation appears to reflect the
economic situation of the time. It has not been possible to
obtain any costs for JI projects.37

Responsibility for carbon offsetting

If Stockholm is to be classified as fossil fuel-free in 2050 a
system must be created to check that greenhouse gas emissions
from any remaining fossil fuels can be carbon-offset in some
way by the major players producing, importing or using these
fuels in 2050. One important future task will therefore be to
analyse the sources of the remaining fossil fuels with increasing precision in order to identify the major players responsible
for these fossil fuels and ensure that they carbon-offset from
2050 and continue to phase out these remaining fossil fuels as
soon as possible.
The City also needs to determine how great a proportion of
the fossil residuals are caused by the City’s own operations in
2050. The effect of these needs to be climate-offset in order for
the City to be classified as fossil fuel-free.
There is, in principle, only one producer and distributor of
district heating in the city, namely Fortum Värme. The board of
Fortum AB has resolved that Fortum Värme is to carbon-offset
its remaining greenhouse gas emissions in 2030 so that it can
thereafter be classified as a carbon-neutral business operation.
This means that the company takes responsibility for the fossil
fuels in this sector. It is unclear at present how Fortum Värme
will carbon-offset its operation at that time, but this will
presumably be through emission allowances or CDM projects.
Stockholmshem produces heat in its local heating plants.
It is unclear how these will be used in the future, but they
contribute to the city’s production of heating and should be
carbon-offset if they are still using fossil fuels in 2050.
There may also be other energy producers in areas of
housing that extend beyond the boundaries of Stockholm and
into other municipalities, a phenomenon that will become more
common with the urban densification of Stockholm. Annedal,

for example, which straddles the border between Stockholm
and the municipality of Sundbyberg, is supplied with heating
by the Norrenergi energy company. It is important to review
the forms of energy and fuels that this company and other
suppliers use in order to be able to accurately determine
whether or not Stockholm is genuinely fossil fuel-free in 2050.
There is only one distributor of gas in the city, Stockholm
Gas AB. The decision made by the board of Fortum AB also
applies to the Stockholm gas company. It will be required to
carbon-offset its remaining greenhouse gas emissions in 2030
in order to enable it to be classified as a carbon-neutral
business. This means taking responsibility for carbon-offsetting any remaining fossil fuels in this sector. It remains unclear
at this point in time how Stockholm Gas will carbon-offset its
operation in the future, although this will presumably be done
through emission allowances or CDM projects.
The production of biogas in Stockholm is the responsibility
of Stockholm Vatten AB among others. It is unclear at present
how the company will carbon-offset this production.
Unless electricity in the Nordic market in 2050 is entirely
free of fossil fuels, rather than each individual player separately
carbon-offsetting its use of electricity, the City and other
authorities can work together to initiate an inquiry into
producer responsibility for fossil fuel-free electricity.
Similarly, the City can also play its part in initiating an
inquiry into producer responsibility for greenhouse gas
emissions from biofuels.

Carbon offsetting for energy use in the
operations of the City of Stockholm

It is possible that some operations of the City of Stockholm
may still be making use of fossil fuels in some way in the City’s
own buildings, or to meet the City’s transport and electricity
needs; the effects of this will need to be carbon-offset in 2050.
A detailed survey and calculation of use of fossil fuels in the
City’s own operations should be included in the City Executive
Board’s 2013 inquiry if the City’s own organisation is to
become fossil-independent or fossil fuel-free by 2030.
The City of Stockholm may need to offset the use of any
fossil residuals that the City’s operations cause and can control
in 2030 and 2050. The City therefore needs to continuously
calculate and report its use of fossil fuels and follow the trend
in carbon offsetting in public organisations (in practice, legally
and financially) so that it can present proposals for approved
and appropriate carbon-offsetting measures in a later evaluation of the roadmap.

Tricorona refers to further information about JI at:
Greenstream (http://www.greenstream.net)
Camco (http://www.camcocleanenergy.com/)

37
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Alternatives to carbon offsetting
Carbon swapping

Some municipalities have opted to create internal trading
schemes to offset the greenhouse gas emissions of municipal
operations. Sweden’s first municipalities started carbon
swapping in 2009. At present there are no common rules for
carbon swapping in municipalities; each municipality tests its
own variant.
Carbon swapping means that the municipal council decides
on a charge in SEK/tonne CO2e to be paid by the municipal
activities that generate carbon dioxide emissions. The money
collected is then deposited in a fund used for local projects that
reduce energy use and greenhouse gas emissions.
However, current pilot schemes distribute money to those
who apply for environmental projects and are therefore not
controlled, checked or monitored with a view to reducing
carbon dioxide emissions to a noticeable extent.

Climate-positive measures

One way of actively offsetting greenhouse gas emissions is to
produce more renewable fuels or fossil fuel-free electricity
than the amount of energy needed within the municipality and
to then sell this to other municipalities or other parties to enable
them to reduce or entirely replace their fossil energy sources.
Copenhagen, for example, makes use of its surplus production of renewable energy and sells this on the energy market to
offset its own greenhouse gas emissions as part of its ambition
to become carbon-neutral in 2025. This contributes to a
reduction of fossil fuels in the Nordic mix/market by reducing
the LCA supplement from energy production.
As any fossil fuels remaining in Stockholm in 2050 are
likely to be LCA supplements, a study should be made of
whether the City may be able to use climate-positive measures
as a carbon-offsetting measure. This will become particularly
important if it is determined at some later stage that carbon
offsetting is unlawful under the Local Government Act.

Conditions to be met for the City of Stockholm to
be able to carbon-offset:
• The City of Stockholm must monitor developments with regard to the EU’s and the UN’s
officially regulated flexible mechanisms for
carbon offsetting.
• The City of Stockholm must monitor the situation with regard to the opportunities for carbon
offsetting that are open to municipalities, by
working to ensure that clear guidelines are
produced or that the Local Government Act is
amended to allow municipalities to carbonoffset.
• The City of Stockholm must monitor the situation to be aware of the point in time when the
City may need to carbon-offset, if the process
of climate change accelerates and becomes
more powerful than previously estimated by
the UN Intergovernmental Panel on Climate
Change (IPCC).
• The City of Stockholm must investigate ways in
which to collaborate with producers so that
they carbon-offset greenhouse gas emissions
from fossil fuels in 2050, arising from, for
example, the production of electricity, imports
of biofuels and the production of heat pumps.
• The City of Stockholm must investigate the
need to carbon-offset fossil residuals from
2030 onwards if the Municipal Assembly
decides that the municipal organisation is to
become fossil independent or fossil fuel-free
from 2030.

Carbon sinks

Another way of dealing with greenhouse gas emissions is to
utilise and take measures to increase the capacity of ecosystems and certain natural features – forests, lakes, seas and
wetlands, for example – to absorb carbon dioxide. However,
it remains unclear whether there is any potential for this in the
Stockholm region. In addition, major carbon sinks in Sweden
are included in the national accounts for greenhouse gas
emissions.
A scientific discussion is also being conducted about the
extent to which it will actually be possible to use the forests as
a carbon sink. Depending on the type of forest, the age of the
trees and the geographical location, forests can be either a
carbon source – emitting carbon dioxide into the atmosphere
– or a carbon sink that absorbs carbon dioxide from the
atmosphere. On a global scale forested land is a carbon sink,
but there are significant regional variations.
Roadmap for a fossil fuel-free Stockholm 2050
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